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THE  ST.  liOUrS  WATER  WORKS. 


I.  Historical. 


By  M.  L.  Holma.v,  Mkmbek  of  thk  Enginkkes'  Club  of  St.  Louis. 

[Read  ]Miircli  7,  1894.*] 

In  opening  the  series  of  addresses  on  the  St.  Louis  Water  Works,  1 
will  give,  as  my  contribution,  what  history  I  have  been  able  to  collect 
from  public  documents  and  other  sources. 

In  the  year  1829  the  city  of  St.  Louis  contracted  with  Messrs.  John 
C.  Wilson  and  Abraham  Fox  for  the  building  and  operating  of  a  water 
works  to  supply  "  clarified  "  water  for  a  term  of  twenty-five  years  ;  the 
works  to  belong  to  the  city  at  the  expiration  of  the  contract. 

This  contract  gave  the  contractors  the  exclusive  right  to  supply 
water  for  public  and  private  purposes,  the  charges  being  limited  to  $20 
per  year  for  families  and  $100  per  year  ibr  hotels  and  manufactories. 
The  city  further  conceded  a  bonus  of  $3,000  cash  on  the  completion  of 
the  works  ;  a  lot  of  ground  40  feet  by  125  feet  on  the  river  bank  and  a 
half  acre  of  ground  for  a  reservoir  site. 

In  1830  the  city  purchased  of  William  H.  Ashley  a  lot  of  ground 
170  feet  by  160  feet  on  the  "little  mound"  located  at  the  corner  of 
Ashley  and  Collins  Streets  for  a  reservoir  site,  and  a  lot  250  feet  by  250 
feet  from  the  U.  S.  Government  for  a  pumping  site. 


*  Manuscript  for  this  series  of  papers  received  from  November  24, 1894,  to  Jan 
uary  19,  1895.— Secretary  Assn.  Eng.  Soct. 
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The  coutractors  were  to  supply,  free  of  cliarge,  water  to  twelve  tire 
hydrants,  the  hospital  of  the  Sisters  of  Charity  and  a  fountain  on  the 
grounds  of  William  Ashley.  The  water  was  to  be  distributed  through 
cast-iron  pipes  laid  not  less  than  82  feet  under  ground.  AYater  was  to 
be  delivered  to  the  reservoir  in  one  year  and  to  the  hydrants  in  eighteen 
months. 

But  little  progress  was  made  under  this  contract,  notwithstanding 
the  fact  that  the  then  mayor,  Daniel  D.  Page,  gave  his  private  note  to 
secure  payment  for  water  pipe  ordered  of  Vauleer  &  Company.  The 
contractors  were  forced  by  want  of  capital  to  suspend  work,  and  the  city 
was  forced  into  a  new  contract,  dated  April  2,  I80I,  with  ^Fr.  Fox,  in 
which  he  was  released  from  all  the  conditions  of  the  tirst  contract  except 
the  fountain  for  Mr.  Ashley;  this  fountain  being  a  part  of  the  considei'- 
ation  in  the  purchase  of  the  reservoir  site.  In  this  contract  the  city 
agreed  to  assume  three-fourths  of  all  expenses  and  take  charge  of  and 
complete  the  works. 

The  city  borrowed  $25,000  in  1831  in  order  to  proceed  with  the 
works.  The  supply  of  water  was  in  all  probability  begun  in  the  fall  of 
1831.  Old  reports  refer  to  this  date,  but  positive  statements  of  water 
supply  do  not  appear  until  the  summer  of  1832. 

The  early  management  was  under  the  care  of  a  committee  of  the 
City  Council,  and  it  appears  that  the  work  was  carefully  conducted. 
Until  1847  the  plumbing  and  all  work  connected  with  the  supply  of  pri- 
vate houses  was  conducted  solely  by  the  city,  which  manufactured  for 
that  pur])ose  its  own  lead  pij)e  and  fixtures. 

In  July,  1835,  the  city  purchased  the  interest  of  Mr.  Fox  in  the 
works,  paying  $18,000  therefor. 

The  total  cost  of  the  works  to  this  time  was  about  $54,000,  not 
including  interest-bearing  notes  given  in  pay  for  pipe.  The  city  then 
became  sole  owner  of  its  water  works. 

The  first  pumping  engine  was  built  for  the  works  by  Francis  Pratt, 
of  Pittsburg.  The  steam  cylinder  was  10  inches  diameter  by  4  feet 
stroke.  The  pump  was  double-acting,  and  the  piston  was  6  inches  in 
diameter  and  of  4  feet  stroke.  This  engine  proved  to  be  a  failure 
and  was  replaced  by  two  rotary  pumps  which  the  city  had  purchased 
for  fire  engines.  These  rotaries  were  set  up  in  a  small  building  at  the 
foot  of  Smith  Street.  The  water  was  delivered  into  a  reservoir  at  the 
corner  of  Bates  and  Collins  Streets.  This  was  the  first  reservoir  used 
by  this  city.  The  reservoir  was  62  feet  by  55  feet,  with  a  depth  of  15 
feet.  The  flow  line  Avas  90  feet  above  the  city  directrix.  The  walls 
were  of  masonry,  lined  with  brick,  and  the  bottom  was  paved  with  brick 
on  a  tight  plank  floor. 

These  facilities  supplied  suflicient  water  for  ordinary  uses,  but  failed 


4  ASSOCIATION  OF  ENGINEERIN(J  SOCIETIES. 

to  giv'e  an  adequate  fire  supi)!}'  on  accouut  of  the  siuallnesri  of  the  distri- 
bution pipes.  Although  a  settling  basin  was  constructed  near  the  engine 
house  it  does  not  appear  to  have  been  used,  all  evidence  going  to  show 
that  water  was  pumped  direct  to  the  city  reservoir  without  settling. 

In  1836  a  new  pump  main  10  inches  in  diameter  was  laid,  and  in 
1839  a  new  engine  was  started.  It  was  direct-acting.  The  steam  cyl- 
inder was  13  inches  and  the  water  cylinder  13  inches  in  diameter,  and 
both  were  of  6  feet  stroke. 

In  1838  a  new  pump  main  12  inches  in  diameter  was  laid  and  a 
new  reservoir  was  decided  ui)on,  but  the  project  was  abandoned. 

In  1845  a  new  reservoir  was  erected  on  the  site  of  the  old  one.  It 
was  a  wooden  tank  100  feet  square  by  12  feet  deei).  The  walls  of  the 
old  reservoir  were  used  as  a  support  for  the  middle  part  of  the  bottom, 
and  a  dry  stone  wall  was  hiid  up  to  carry  the  edges  of  the  tank.  The 
tank  rested  on  these  walls  and  on  intermediate  posts.  It  was  built  of 
oak,  framed  and  spiked,  and  the  seams  were  caulked  with  oakum. 

The  use  of  both  reservoirs  continued,  the  upper  one  being  used  for 
supplying  the  higher  districts.  It  seems  that  the  city  was  at  that  time 
divided  into  two  districts. 

After  a  few  years'  use  of  the  double  system,  the  ohl,  or  lower  level, 
reservoir  was  abandoned  and  the  distribution  was  tlirown  onto  the 
upper  reservoir.  By  the  year  1849  frequent  repairs  to  the  wooden  tank 
became  necessary,  and  in  1852  it  was  abandoned. 

In  1846  the  superintendent  of  the  works  first  suggested  that  the 
supply  of  water  for  the  city  be  drawn  from  the  Meramec  River.  The 
discussion  on  tliis  question  continued  until  1854,  when  the  then  superin- 
tendent reported  against  the  scheme. 

In  1846  the  third  pumping  engine  was  erected.  The  machine  was 
of  the  crank  and  fly-wheel  type.  The  steam  cylinder  was  20  inches 
diameter  by  7]  feet  stroke.  The  pump  was  double-acting,  15  inches 
diameter  and  of  the  same  stroke  as  the  steam  engine.  The  engine  gave 
trouble  on  account  of  bad  foundations,  and  in  1847  it  ''laid  down"  and 
was  rebuilt.  In  1852  the  fourth  engine,  costing  $25,000,  wtis  erected  ; 
steam  cylinder,  26  inches  diameter  by  10  feet  stroke ;  pump,  double- 
acting,  piston,  22  inches  diameter  by  10  feet  stroke.  It  was  originally 
started  as  a  condensing  engine,  but  the  condenser  was  abandoned  in 
1852. 

In  1847  the  third  reservoir  was  begun.  This  was  the  old  Benton 
Street  Reservoir.  It  was  250  feet  square,  with  a  working  depth  of  15 
feet.  Elevation  of  flow  line,  1151  feet  above  datum,  cost  $74,000  (ap- 
j)roximate).  The  pump  main  to  this  reservoir  was  a  20-inch  cast-iron 
pipe  and  was  laid  up  Mullanphy  Street.  The  reservoir  was  finished  in 
1849.     It  was  provided  with  a  sloping  bottom  and  a  system  of  flushing 
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sewers  for  the  purpose  of  removing  sediment,  but  the  scheme   was  a 
failure. 

In  1854  the  fourth  reservoir  was  begun,  the  claim  being  that  the 
tiow  through  a  large  reservoir  would  be  at  a  low  velocity,  and  that  the 
sedimentation  would  be  correspondingly  good.  This  reservoir  had  a 
bottom  laid  out  in  the  shape  of  a  nest  of  very  flat  inverted  pyramids,  the 
bottoms  being  provided  with  valves,  and  a  system  of  flushing  sewers. 
The  reservoir  was  527  feet  by  287  feet,  witii  a  dej)th  of  47}  feet.  The 
cost  was  about  $200,000  and  water  was  first  pumped  into  it  in  1855. 
This  reservoir  gave  the  city  a  great  deal  of  trouble  ;  tlie  cleaning  scheme 
proved  a  failure,  and  the  walls  rccpiired  constant  repair  and  careful 
watching.  The  water  line  was  carried  138  feet  above  datum.  This 
reservoir,  after  many  vicissitudes,  Avas  Anally  abandoned  and  removed, 
and  the  site  divided  up,  ])art  being  i-etained  for  public  purposes  and  the 
remainder  sold. 

During  the  building  of  the  new  works,  or  from  1867  to  1872,  a 
temporary  reservoir  on  Gamble  Street  near  Garrison  Avenue  was  built 
and  was  used  in  conjunction  with  the  old  reservoir.  In  1867  the  sedi- 
ment in  the  old  reservoir  was  twenty  feet  deep. 

The  fifth  pumping  engine,  with  steam  cylinder  30  inches  diameter, 
stroke  10  feet,  pump  double-acting,  piston  22  inches  diameter,  stroke 
10  feet,  was  put  in  to  keep  up  with  the  demand  for  water.  In  1858  a 
new  pump  main  30  inches  diameter  was  laid  up  Cass  Avenue,  and  the 
20  inch  main  was  turned  in  on  the  distribution  system.  The  old  pump- 
ing engines,  Nos.  2  and  3,  were  sold  for  scrap  in  1857,  and  the  Benton 
Street  reservoir  was  abandoned  in  1855. 

At  the  old  i)umping  station  an  engine  with  steam  cylinder  34} 
inches  diameter  by  10  feet  stroke,  and  double-acting  pump  28}  inches 
by  10  feet  stroke,  was  put  in  to  keep  up  the  supply  during  the  building 
of  the  new  works  (1865-72).  This  old  station,  with  its  pumps  and 
piping,  was  operated  until  1871.  at  which  time  the  Bissell's  Point  Works 
started.  A  breakdown  at  this  High  Service  Station  necessitated  start- 
ing the  Bates  Street  engines  again,  but  on  June  19,  1871,  they  were 
shut  down  for  the  last  time. 

This  station  was  wrecked  and  the  machinery  sold  at  auction,  and 
after  its  removal  the  location  was  used  for  a  pipe  yard.  The  property 
was  subsequently  turned  over  to  the  Harbor  Department  for  wharf 
purposes. 

This  is  briefly  the  history  of  the  St.  Louis  water  works  from  the 
time  of  their  inception  up  to  1867,  for  the  old  works;  and  up  to  1871 
for  such  temporary  work  in  connection  with  the  old  works  as  was  neces- 
sary during  the  building  of  the  new  works. 

The  new  water  works  date  from  1863,  when  the  General  Assembly 
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of  this  State  passed  an  act  entitled  "  An  Act  to  enable  the  City  of  St. 
Louis  to  extend  the  Water  Works  thereof  and  for  other  purposes." 
This  act  authorized  the  city  to  construct  works  to  take  water  from  any 
point  on  the  Mississippi  River  and  conduct  it  to  the  city.  It  also  created 
a  board  of  four  commissioners,  to  be  elected  by  the  Common  Council  of 
the  city,  to  carry  out  the  provisions  of  the  act.  It  further  provided 
for  an  issue  of  bonds  for  the  purpose  of  constructing  the  new  works, 
limiting  the  amount  to  $3,000,000. 

The  City  Council,  at  its  May  session,  1<S64,  passed  Ordinance  No. 
5339,  establishing  and  regulating  the  Board  of  Water  Commissioners, 
in  conformity  with  the  general  act  of  1863.  But,  owing  to  general  dis- 
satisfaction, no  action  was  taken  under  this  ordinance,  and,  in  January 
1865,  the  General  Assembly  amended  the  Act  of  1863,  placing  the 
appointment  of  the  commissioners  with  the  Governor  of  the  State,  who 
appointed  Messrs.  Dwight  Durkee,  Di-.  Philip  Weigel,  N.  C.  Chapman 
and  Stephen  D.  Barlow. 

This  board  organized  on  March  18,  1865,  and,  on  the  27th,  sub- 
mitted to  the  City  Council  the  appointment  of  Jas.  P.  Kirkwood  as 
Chief  Engineer,  which  was  approved. 

On  May  11,  1865,  the  Board  directed  the  Cliief  Engineer  to  pro- 
ceed with  the  surveys  and  plans  for  a  system  of  water  works.  The 
plans  and  estimates  were  submitted  on  August  29,  1865,  adopted  by  the 
Board  October  6th  and  torwardcd  to  the  City  Council  for  its  action  on 
October  12,  1865. 

This  scheme  contemplated  the  location  of  the  Low-Service  works  at 
the  Chain  of  Rocks  ;  the  work  to  consist  of  a  pumping  station,  settling 
basins  and  filter  beds;  the  filtered  water  to  be  conducted  by  gravity 
flow  in  a  conduit  to  Baden,  and  there  pumped  by  the  High-Service 
Plant  to  a  reservoir  to  be  built  at  Rinkels  with  a  high  water  line  204 
feet  above  datum;  an  auxiliary  reservoir  to  be  built  on  Compton  Hill 
to  furnish  full  supply  for  the  southern  part  of  the  city.  The  works 
'  were  designed  for  an  ultimate  capacity  of  40,000,000  U.  S.  gallons  per 
day.  This  scheme  was  rejected  by  the  City  Council  in  March,  1866. 
The  Council  recommended,  after  report  by  sub-committee,  that  the  filter 
beds  be  abandoned  and  the  works  located  at  Bissell's  Point. 

During  the  consideration  of  this  report  by  the  Council,  jNlr.  Kirk- 
wood was  sent  to  Europe  to  examine  and  report  upon  methods  there  in 
use  for  filtering  water. 

In  April,  1866,  the  first  Board  of  Commissioners  resigned,  and  a 
second  board  was  appointed.  This  board  organized  in  August,  1866, 
with  Geo.  K.  Budd  as  president  and  C.  S.  Solomon  as  secretary.  In 
November  of  the  same  year  it  submitted  to  the  Council  plans  for  ex- 
tending the  old  works,  pre})ared  by  Freeman  J.  Homer,  City  Engineer, 
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In  December,  1866,  another  plan  was  submitted,  prepared  by  Mr.  Kirk- 
wood  in  accordance  with  the  following: 

Resolved. — That  the  Engineer  be  directed  to  prepare  a  general  plan  of  works, 
founded  on  the  following  basis,  to  wit : 

Tliat  the  water  be  taken  from  tlie  Mississippi  River,  in  the  neighborhood  of 
Bissell's  Point. 

That  settling  basins  be  established  there  without  the  accompaniment  of  filtering 
works. 

That  a  small  storage  reservoir  be  constructed  on  tlie  City  Commons. 

And  that  tiie  whole  be  arranged,  so  far  as  practicable,  so  as  to  admit  liereafter 
of  the  convenient  addition  of  whatever  further  works  may  then  become  expedient 
or  necessary,  and  that  the  engineer  be  instructed  to  report  the  estimated  cost  of  the 
works  in  question. 

The  plan  reported  by  Mr.  Kirkwood,  in  answer  to  the  above 
resolution,  is  substantially  the  one  upon  which  the  new  works  were 
constructed. 

In  February,  1867,  an  ordinance  looking  to  the  enlargement  of 
the  old  works  and  authorizing  the  issue  of  §275,000  in  bonds,  was 
passed.  In  March,  1867,  the  Board  of  Water  Commissioners  made  a 
demand  on  the  Comptroller  for  the  bonds,  appointed  Mr.  Homer 
superintendent,  and  instructed  him  to  proceed  to  carry  out  the  plan 
proposed  by  him  in  November,  1866.  This  scheme  fell  through  and 
no  work  was  done.  The  report  and  plans  were  printed  in  the  second 
report  of  the  Board  of  Water  Commissioners. 

On  March  13,  1867,  the  General  As.sembly  passed  an  Act  author- 
izing the  issue  of  bonds  to  the  amount  of  ^3,000,000  and  appointing 
a  new  commission. 

This  commission,  after  it  got  into  working  shape,  consisted  of 
Geo.  K.  Biidd,  Alexander  Crozier  and  Henry  Flad,  and  under  this 
board  the  works  were  built. 

The  Commission  organized  March  22,  1867,  and  on  the  23d  the 
former  board  turned  over  to  them  the  old  records  belonging  to  the 
department. 

On  the  26th  Mr.  Kirkwood  was  requested  to  resume  the  duties 
of  Chief  Engineer  from  which  he  had  been  relieved  by  the  former 
board  on  March   18th. 

Mr.  Kirkwood  declined  further  service  as  Chief  Engineer,  and 
recommended  Mr.  Thos.  J.  Whitman  for  that  position.  Mr.  Whit- 
man reported  for  duty  May  7,  1867. 

Mr.  Whitman  was  in  favor  of  the  Chain  of  Rocks  location  for 
the  low-service  works,  adding  his  opinion  to  that  of  Mr.  Kirkwood 
and  all  other  engineers  who  had  examined  the  situation  carefully. 
He  found,  however,  that  the  exigencies  of  the  supply  and  the  limita- 
tions of  the  law  left  but  one  thino-  to  do,  viz.,  to  2:0  ahead  with  the 
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work  on  the  Bissell's  Point  plans.  The  works  thus  l)uilt,  with  which 
most  of  you  are  familiar,  consist  of  an  inlet  tower,  or  intake,  on  the 
river  bank  at  Bissell's  Point;  a  low-service  pumping  plant;  settling 
basins  ;  a  high-service  plant ;  a  stand  pipe  ;  large  extensions  to  the 
old  pipe  system ;  and  a  storage  reservoir  on  Corapton  Hill.  These 
works,  extended  up  to  1872  by  the  addition  of  two  pumping  engines, 
had  a  working  capacity  of  about  32,000,000  U.  S.  gallons  per  twenty- 
four  hours. 

It  must  be  borne  in  mind  that  all  water  furnished  to  the  city  is 
pumped  twice;  first,  from  the  river  into  settling  basins  by  the  low- 
service  plant ;  and  second,  from  the  basins  into  the  distribution  system 
and  reservoir  by  the  high-service  plant. 

In  1876,  the  city  of  St.  Louis  adopted  a  charter  and  changed  its 
system  of  local  government;  the  water  works,  with  the  exception  of  the 
collection  of  the  revenue,  being  placed  in  the  hands  of  a  Water  Com- 
missioner, who  acts  as  Chief  Engineer  and  executive  head  of  the 
department. 

Additions  to  the  high-service  pumping  plant  were  begun  in  1881, 
and  continued  up  to  1894.  A  new  pumping  station,  complete,  with 
pump  mains  and  stand  pipe  being  completed,  making  the  total  high- 
service  capacity  from  60-65,000,000  U.  S.  gallons  per  day  (twenty- 
four  hours). 

To  keep  up  the  supply  of  water  to  the  high-.service  plant,  a  tem- 
porary low-service  plant  was  put  in,  having  a  capacity  of  30,000,000 
gallons  per  day.  This  plant,  built  on  an  inclined  way,  moves  on  wheels 
up  and  down  the  incline  according  to  the  stage  of  water  in  the  river. 
The  general  scheme  of  this  plant  has  been  followed  by  the  city  of  Cin- 
cinnati to  afford  temporary  pumping  facilities. 

After  several  ineffectual  attempts  to  secure  the  necessary  legislation 
authorizing  the  extension  of  the  low-service  works,  the  City  Council 
passed  Ordinance  No.  14212,  approved  September  7,  1887,  establishing 
a  low-service  station  at  the  Chain  of  Rocks.  This  station  consists  of 
an  intake  tower,  an  intake  tunnel,  a  pumping  plant  and  a  system  of 
settling  basins. 

The  works  are  designed  for  a  capacity  of  100,000,000  U.  S.  gallons 
of  settled  water  per  day.  Work  on  this  plant  is  now  nearing  com- 
pletion. 

On  December  26,  1893,  Ordinance  No.  17339  was  approved, 
authorizing  the  further  extension  of  the  high-service  plant. 

The  work  on  this  plant  has  been  started,  but  little,  beyond  the 
sub-foundation  work,  has  been  done.  This  plant  is  designed  to  furnish 
water  to  the  districts  of  the  city  and  county  that  lie  at  an  elevation 
bevond  the  reach  of  the  Bissell's  Point  works. 
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Ill  closing,  I  will  remark  that  it  ikjw  seems  that  the  city  has  got 
fairly  to  work  along  line>  which,  if  followed,  will  insure  to  it  an  ade- 
quate supply  of  water,  fuliilling  all  modern  requirements. 


II.    Points  of  InteTost  in  I  lie  Design  and  Const  motion. 

By  S.  Bent  Russell,  Member  of  the  Exginekr.s'  Club  of  St.  Louis. 


[Rend  March  21,  1894.] 


In  this  paper  I  shall  merely  outline  a  few  of  the  problems  that  were 
met  in  the  engineering  work,  with  the  hope  that  they  may  prove  of 
interest  in  connection  with  the  other  papers  on  the  new  water  works. 

Our  first  work  was  done  on 

rni-:  new  condiit. 

The  two  ends  of  our  line  were  fixed  at  the  old  and  now  intakes.  See 
Fig.  L 

Between  these  two  jjoints  it  was  necessary  to  follow  around  a  ct>n- 
cave  bend  in  the  river  so  that  the  shorter  line  would,  of  course,  be  tlie 
closer  to  the  bank.  To  secure  the  work  in  higli  water  it  was  necessary 
to  run  the  line  along  the  edge  of  a  terrace  or  berm  known  as  the  second 
bottom.  As  this  conduit  draws  its  water  from  the  bottom  of  the  new 
settling  basins  at  the  Chain  of  Rocks,  and  delivers  it  into  the  top  of  the 
old  settling  basins  at  Bissell's  Point,  there  was  not  much  choice  in  the 
matter  of  sh)j)e  and  elevation  of  the  conduit. 

Tlie  nuiximum  flow  line  of  the  conduit  is  about  four  feet  above  the 
highest  flotxl  of  the  last  twenty  years  and  has  a  slope  of  1  in  10,000, 
or  about  one-hali'  foot  per  mile,  which  is  somewhere  near  the  slope  of 
the  Mississippi. 

Near  the  old  pum|)ing  works  the  line  crosses  low  ground  foi-  neai-ly 
a  mile,  the  nuisonry  resting  on  a  fill  about  five  feet  deep.  There  was 
some  talk  of  using  iron  pipes  over  this  stretch,  but  this  idea  was 
abandoned.  A  primary  bank,  i-aised  to  the  elevation  of  the  s])ring  line 
of  the  conduit  arch,  was  built  and  allowed  to  settle  many  months  before 
placing  the  masonry  and  cover  bank. 

This  primary  bank  rests  on  bottom  land  wliicli  is  underlaid  bv 
quicksand  some  ten  feet  thick  on  top  of  the  country  rock.  As  soon  as 
the  cover  bank  was  built  its  weight  seemed  to  carry  down  the  primary 
bank  and  masonry  together.  This  settlement  of  the  masonry  amounted 
to  from  one  to  six  inches,  and  was,  I  think,  due  to  the  displacement  of 
the  underlying  quicksand  ;   but  that  is  a  matter  for  discussion. 

As  the  line  crosses  three  im{)ortant  creeks,  bridges  were  needed. 
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These  were  carried  down  to  a  rock  foundation  so  that  the  conduit  at 
these  points  is  not  allowed  to  settle. 

THE    CROSS-SECTION 

of  the  conduit  masonry  is  perhaps  of  special  interest.  In  order  that  an 
empty  tunnel  in  soft  earth  may  have  the  greatest  strength  against  dis- 
tortion, its  cross-section  should  be  an  ellipse  with  the  major  axis  vertical. 
There  are  several  practical  objections,  however,  to  making  the  height  so 
great.  We  thei'efore  cut  the  ellipse  through  the  minor  axis,  remove  the 
lower  half  and  substitute  an  inverted  beam.  This  bears  the  stresses  in 
the  arch  the  same  as  if  the  ellipse  were  complete.     See  Figs.  2  and  3. 

If  instead  of  the  beam  we  had  substituted  a  flat  inverted  arch  rest- 
ing on  soft  earth,  the  section  would  probably  be  somewhat  distorted 
before  the  thrust  of  the  inverted  arch  was  balanced  by  the  passive 
pressure  of  the  earth  behind  the  side  walls. 

As  shown  in  Fig.  3,  the  section  is  only  an  approximation  to  a 
semi-ellipse,  being  made  wath  vertical  side  walls  and  a  full  center  arch. 
The  bottom  is  designed  to  act  as  a  beam,  but  is  hollowed  out  in  seg- 
mental form,  as  this  gives  an  increased  water  way  at  slight  expense. 
The  outside  of  the  side  wall  was  carried  up  vertically  so  that  the  con- 
crete might  rest  against  the  undisturbed  earth  in  the  walls  of  the  trench. 

About  seven-eighths  of  the  line  was  in  cut.  The  conduit  was  every- 
where covered  with  three  feet  of  earth.  All  i-ailroad  crossings  are 
bridged  over  so  as  not  to  rest  on  the  masonry  or  cover  bank. 

Overflow  weirs  are  provided  at  distances  of  about  two  miles.  JNIan- 
holes  are  about  one-fourth  of  a  mile  apart.  Large  chambers  are 
arranged  at  each  end  and  at  each  change  of  water  section,  so  that  clean- 
ing machines  can  be  put  in,  floated  down  and  removed  without  difficulty. 
To  permit  this,  there  are,  of  course,  no  obstructions  allowed  in  the 
waterway,  which  remains  of  the  same  form  from  end  to  end  of  the  11- 
foot  conduit,  and  from  end  to  end  of  the  9-foot  conduit. 

Before  proceeding  further  with  the  plant  itself,  let  us  take  up  the 
subject  of 

ORGANIZATION 

and  methods  of  the  engineer  corps.  The  civil  engineering  force  included 
four  divisions  :  the  conduit  division,  the  river-work  division,  the  basin 
division  and  the  drafting  division.  Excepting  the  last-named,  each 
division  was  composed  of  a  division  engineer,  a  field  party  and  inspec- 
tors of  contract  work.  There  were  three  offices — one  at  Bissell's  Point, 
one  at  the  Chain  of  Rocks,  and  one,  half  way  between  these,  at  Baden. 
Each  party  was  provided  with  teams  for  transportation. 

To  prepare  for  construction,  preliminary  surveys  were  made  for 
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each  piece  of  work.  Frequent  soundings  and  borings  were  made,  to 
determine  the  elevation  of  the  rock.  Our  experience  taught  that  the 
evidence  obtained  from  borings  must  be  used  with  discretion.  What  is 
reported  to  be  bed-rock  often  proves  at  a  later  date  to  be  but  a  lonesome 
boulder.  In  important  cases,  therefore,  trial  shafts  were  sunk  before 
the  contracts  were  let. 

To  comply  with  the  law,  all  important  construction  was  done  by 
contract  let  to  the 

LOWKST    lUDDER. 

Hence  to  obtain  good  work  it  was  necessary  to  have  the  plans  and 
specifications  very  full  and  complete.  Our  contracts  might  be  divided 
into  two  general  classes — A,  where  a  lump  bid  is  made  for  the  whole 
work;  B,  where  a  bidder  names  a  price  i)er  unit  of  measurement  for  each 
class  of  work  and  the  value  of  the  l)id  is  determined  by  the  engineer's 
estin)ate  of  quantities.  Form  A  was  generally  used  for  machinery, 
buildings,  etc.,  and  Form  7>  for  earth  and  rock  work,  masonry,  pipe 
lines,  railroad  tracks,  etc. 

When  form  A  was  used  the  greatest  care  was  necessary  in  the  prep- 
aration of  plans  and  details,  as  alterations  of  plans  generally  caused 
extra  expense  to  the  city.  Any  losses  caused  by  errors  in  these  ])laus 
were  borne  by  the  city. 

^PECrFICATIONS 

were  first  drafted  by  the  engineer  of  the  division,  checked  over  in  the 
drafting  department  and  revised  by  the  principal  assistant  engineer. 
They  were  then  submitted  to  the  Water  Commissioner,  and  by  him  laid 
before  the  Board  of  Public  Improvements. 

I'LANS 

were  made  by  the  draftsmen,  ciiecked  over  by  the  first  draftsman  and 
then  by  the  engineer  of  the  division  including  the  work.  They  had  then 
to  be  approved  in  order  by  the  i)riucii)al  Assistant  Engineer,  the  Water 
Commissioner  and  the  Board. 

All  drawings  are  numbered  and  indexed  in  a  card  catalogue  of  the 
kind  used  for  libraries.  We  have,  I  think,  about  1,400  drawings 
catalogued.  Field  notes  too  are  niuubered  and  indexed  in  the  same 
catalogue  with  the  drawings. 

In  preparing  our  contracts,  we  endeavored  to  divide  between  the 
two  parties  to  the  contract  the  risks  of  unforeseen  difficulties.  We  thus 
on  the  one  hand  avoided  excessive  prices  due  to  contractor's  risk,  and 
on  the  other  hand  made  it  the  contractor's  interest  to  keep  clown  the 
cost  of  the  work. 
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After  the  contract  was  let,  the  onh' 

SECURITY 

the  city  had,  was  in  the  l)oud  of  the  contractor.  By  retaining  a  per- 
centage on  monthly  payments  the  security  was  gradually  increased  until 
the  work  was  completed. 

Under  the  law,  the  Board  of  Public  Improvements  can  take  no 
account  of  an  individual  contractor's  actions  in  the  past,  and  this  condi- 
tion has  added  considerably  to  the  difficulty  of  obtaining  good  work. 
In  the 

EXECUTION    OF    CONTRACTS 

rigid  inspection  was  the  rule.  Inspectors  were  frequently  located  at  shops, 
mills,  quarries,  etc.  In  the  field,  wherever  a  foreman  was  needed,  there 
would  be  an  inspector.  All  water-tight  work  and  underground  work 
was  given  special  attention.  From  our  system  of  letting  contracts  there 
was  necessarily  no  consideration  shown  a  contractor  on  account  of  low 
prices. 

Effort  was  made  to  keep  accurate  accounts  of  all  force  and  material 
used  by  the  contractor. 

Materials  were  tested  when  practicable.  As  the  item  of  cost  of 
cement  was  in  the  hundred  thousands,  especial  attention  was  given  to 
the  tests  of  this  material. 

AVhen  a  piece  of  work  was  completed 

FINAL    DRAWINGS 

were  made,  showing  it  as  actually  built  in  detail,  while  records  are  kept 
showing  all  tests  of  material  used,  etc. 

AVe  will  now  return  to  the  plant  itself,  taking  up  the 

INTAKE    AND    PUMPING    STATION. 

The  first  work  done  was  in  making  soundings  of  the  river  and 
borings  in  the  shore,  preliminary  to  designing  the  plant.  Submarine 
borings  in  the  rock  were  desirable,  but  were  omitted  as  being  too  expen- 
sive. Before  finally  deciding  on  a  tunnel,  a  prospect  shaft,  90  feet  deep, 
was  sunk  on  the  proposed  line.  This  was  accomplished  with  consider- 
able difficulty,  owing  to  the  water  encountered. 

The  problem  of  designing  the  intake  was  an  interesting  one. 
The  low  water  channel  was  found  about  1,500  feet  from  the  shore. 
Between  it  and  the  river  bank  is  bare  rock  bottom,  showing  projecting 
reefs  at  low^  water.  The  difficulties  in  the  way  of  laying  a  pipe  out 
to  the  channel  were  great.  It  was  thought  wiser  to  tunnel  under  the 
river. 

The  intake  tower  offered  some  interesting  problems.  Such  a  to"wer, 
with  its  gates,  screens,  etc.,  is  by  no  means  as  easy  to  build   in  twenty 
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feet  of  water  as  a  bridge  piei-  would  be.  A  luasonry  tower  was  decided 
on,  and  a  suitable  site  on  the  rough  rock  bottom  was  selected  by  careful 
soundings.  The  tunnel  was  kept  as  near  to  the  bottom  of  the  river  as 
was  thought  safe,  so  that  in  case  of  necessity  compressed  air  could  be 
used  to  check  the  inflow  of  water. 

The  question  of  lining  the  tunnel  was  discussed.  While  it  was 
driven  through  solid  rock  and  would  not  need  any  support,  the  large 
amount  of  sediment  in  the  water  to  be  taken,  made  a  uniform  and  high 
velocity  of  flow  quite  necessary  to  prevent  an  excessive  formation  of 
sand  bars.  The  section  adopted  is  a  circle  7  feet  diameter  inside  of  the 
lining.  This  Avill  give  100  millions  of  gallons  in  twenty-four  hours,  with 
a  velocity  of  about  4  feet  per  second.  In  case  the  tunnel  becomes 
obstructed,  it  can  be  drained  and  cleaned.  Both  the  river  and  the 
shore  ends  of  the  tunnel  drain  to  a  sump  in  a  shaft  on  the  river  bank, 
and  a  short  branch  tunnel,  controlled  by  a  gate,  taps  this  sump  and 
drains  to  a  large  shaft  in  which  pumps  may  be  set. 

There  was  some  discussion  as  to  the  best  location  for  screens  to 
intercept  the  fibre  in  the  water.  Coarse  gratings  were  put  over  the 
tower  gates  to  stop  large  drift,  but  the  fine  screens  were  put  in  a  chamber 
at  the  outflow  end  of  the  tunnel  near  the  engine  house,  where  they  can 
be  watched  and  frequently  cleaned. 

We  started  the  tunnel  under  the  river  from  the  shf)re  shaft  on  a 
rising  grade  of  1  in  200.  For  the  first  600  feet  our  grade  followed 
very  closely  the  stratification  of  the  limestone.  Then  the  roof  rock 
began  to  dip  rapidly  the  other  way.  To  keep  to  our  plans  we  would 
have  had  to  cut  through  this  stratum.  There  were,  however,  indications 
of  a  wet  seam  above  this  layer  of  rock,  and  it  was  thought  prudent  to 
follow  the  trend  of  the  rock.  We  did  this,  driving  a  7  x  10  foot 
heading  until  we  had  nearly  reached  the  end,  when  the  rock  dipped  so 
rapidly  that  we  were  forced  to  cut  through  the  roof  layer.  It  was  not 
until  our  heading  was  driven  the  entire  length  that  we  laid  out  the  final 
grade  for  the  brick  lining.  It  was  then  decided  to  lower  the  axis  of  the 
lining  so  as  to  avoid  cutting  into  the  roof  rock  except  at  the  channel  end 
of  the  tunnel.  This  change  of  grade  was  quite  ex|)ensive,  but  to  have 
avoided  it  might  have  proved  much  more  costly. 

Although  we  stopped  off"  large  quantities  of  water  in  our  working 
shaft,  we  still  had  a  steady  downpour  of  50  or  60  gallons  per  minute  in  the 
shaft  while  we  were  driving  the  tunnel.  About  1000  feet  from  the  shore 
we  crossed  a  fissure  that  poured  about  the  same  amount  of  water  into  the 
tunnel.  There  was  a  little  seepage  all  along  the  line.  The  water  gave 
us  considerable  trouble  in  lining  the  tunnel.  At  the  fissure  above  men- 
tioned, where  there  was  a  sheet  of  water  pouring  through  the  roof  right 
across  the  tunnel,  we   prepared  for  the  brick   lining  by  putting  in  a 
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wrought  irou  shield  curved  to  54-inch  radius,  and  provided  with  gutters 
and  spouts  to  lead  off  the  water.  This  shield  was  hoisted  into  position 
under  the  cataract  and  the  brick  arch  carried  through  underneath  it, 
leaving  the  shield  concealed  in  the  brick  work. 

In  lining  the  tunnel  we  worked  down  the  grade.  Short  pipes  were 
laid  through  the  wall  where  needed  to  relieve  springs  of  water.  When 
we  had  a  long  stretch  of  tunnel  lined,  and  the  water  running  along  the 
invert  had  become  troublesome,  we  built  across  the  tunnel  a  brick  dam 
provided  at  the  base  with  a  6-inch  outlet  pipe  and  valve.  Before  start- 
ing a  length  of  invert  the  valve  was  closed  and  the  seepage  allowed  to 
accumulate  above  the  dam.  When  the  stretch  of  invert  was  ready,  and 
the  upper  end  of  the  tunnel  was  full  of  water  to  the  top  of  the  dam,  the 
valve  was  opened  and  our  reservoir  emptied  out.  Two  of  these  dams 
were  built,  and  they  proved  very  useful  in  storing  the  seepage  water 
until  it  could  be  released  without  inconvenience. 

IX    DESIGNING   THE    INLET    TOWER 

at  the  channel  end  of  the  tunnel,  account  was  taken  of  the  enormous 
strains  which  might  result  from  ice  gorges  resting  on  and  wedging 
against  the  structure. 

As  a  small  base  was  desirable  on  account  of  the  expense  and  diffi- 
culty of  placing  a  large  coffer-dam,  the  superstructure  was  given  addi- 
tional height  and  weight  to  increase  the  stability. 

To  increase  the  resistance  against  shearing,  large  anchor  bolts  were 
set,  j)assing  through  the  lower  five  courses  of  masonry,  and  reaching  seve- 
ral feet  into  the  rock  ledge.  As  shown  in  Fig.  6,  the  up-stream  end 
of  the  tower  is  formed  into  an  ice-breaker.  On  account  of  the  wide 
range  in  the  stages  of  the  river,  gates  were  provided  at  different  levels. 
At  high  water  the  lower  gates  will  remain  closed,  and  those  which  are 
more  accessible  will  be  used.  The  gates  in  the  north  chamber  will  gen- 
erally be  used,  as,  in  case  of  their  failure  to  shut,  the  gate  in  the  party 
wall  can  be  used  to  keep  the  water  out  of  the  tunnel. 

The  shore  end  of  the  tunnel  empties  through  the  screen  chamber 
into  the 

WET    WELL 

from  which  the  pumping  engines  draw. 

In  locating  this  part  of  the  work,  after  sinking  many  bore  holes  and 
prospect  shafts,  it  was  found  best  to  build  at  a  point  about  700  feet  in- 
shore, where  the  excavation  would  be  in  more  stable  material.  In  the 
design  of  this  plant  the  flood  height  of  the  river  was  again  a  factor. 
The  engine  pits,  etc.,  must  be  proof  against  high  water,  and  on  the  other 
hand  the  pumps  must  be  little,  if  any,  above  the  low  water  level.    Hori- 
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zontal  pumps  would  not  seem  appropriate  under  these  conditions,  and 
hence  deep  pits  and  vertical  pumping  engines  had  to  be  adopted. 

The  conditions  of  the  pumping  problem  were  these.  The  water 
must  be  delivered  at  a  fixed  elevation,  to  supply  the  settling  basins.  It 
must  be  drawn  from  an  elevation  depending  upon  the  stage  of  the 
river. 

There  is  some  controversy  as  to  the  best  arrangement  for  such  a 
case,  some  contending  that  the  water  should  be  held  back  by  means 
of  gates,  so  that  the  pump  will  work  under  a  constant  suction  lift,  while 
others  would  allows  the  pressure  in  the  suction  to  vary  with  the  stage  of 
the  river  so  as  to  reduce  the  average  lift.  At  the  Chain  of  Rocks  the 
pits  and  gates  have  been  so  arranged  as  to  permit  the  use  of  either 
method.  A  wet  well  or  fore  bay  is  provided,  in  which  the  water  may 
be  allowed  to  stand  at  the  level  of  the  water  in  the  channel  of  the  river, 
or  may  be  kept  at  the  constant  level  of  low  water.  Befoi'e  the  cheapest 
and  best  form  of  wet  well  could  be  agreed  upon,  it  was  necessary  to 
consider  whether  the  well  should  be  built  as  part  of  the  same  structure 
as  the  engine  pits,  with  only  a  masonry  dam  between  them,  or  whether 
it  was  better  to  use  a  separate  structure,  as  was  finally  adopted  ;  whether 
the  well  should  be  rectangular  or  circular  ;  wiiether  there  should  be  one 
or  several,  and  whether  it  or  they  should  be  large  or  small. 

In  getting  out  the  details,  the  design  of 

THE    RKTAINIXG    WALLS 

formed  an  interesting  study.  Allowance  was  made  for  the  support  given 
by  cross-walls.  Part  of  the  overturning  moment  is  balanced  by  the 
transverse  strength  of  the  masonry.  In  preparing  the  plan  of  the 
engine  house  we  were  limited  by  the  great  depth  of  the  substructure. 
A  rectangular  building  was  inevitable,  if  we  would  have  a  solid  founda- 
tion. 

It  Avas  thought  safer  also  to  have  the  boiler-house  independent  on 
its  own  foundations,  so  that  it  might  settle  without  distortion. 

The  delivery  w^ell,  into  which  the  engines  pump,  was  located  on 
rising  ground  in  front  of  the  pumping  station  where  there  was  a  good 
clay  foundation  for  the  masonry.  Each  engine  is  provided  with  an 
independent  delivery  pipe  which  spills  into  this  basin.  A  free  spill  was 
given  so  that  there  can  be  no  return  flow  when  a  pump  is  stopped. 

THE     BOILER    HOUSE 

was  planned  for  a  single  row  of  boilers,  as  this  arrangement  is  best  for 
ventilation  and  light.  The  chimney,  6  x  150  feet  in  interior  dimensions, 
is  of  brick.  It  stands  on  a  separate  foundation  extending  to  ledge  rock. 
Flues  and  steam  mains  are  overhead.     Considerable  effort  was  made  to 
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fiud  an  economical  way  of  getting  the  coal  from  the  railroad  train  into 
the  furnace.  What  might  be  called  the  reserv^oir  system  was  finally 
adopted,  on  the  ground  that  it  would  be  the  most  uniforin  in  operation. 
By  this  plan  all  coal  must  be  handled  three  times. 

From  the  gondola  ear  it  is  unloaded  into  the  coal  house.  It  is 
then  shoveled,  as  needed,  into  iron  charging  cars,  and  from  these  into 
the  furnace.  The  coal-house  forms  a  reservoir  so  that  the  contractor 
can  unload  his  cars  as  they  come  in,  while  on  the  other  hand  the  coal 
passer  has  always  about  the  same  distance  to  go  for  his  coal.  Tliis 
method  gives  a  much  more  sightly  stoking-room  than  is  had  where  the 
coal  is  delivered  directly  in  front  of  the  boilers. 

BUILDINGS 

were  made  rectangular  in  plan,  with  tin  roofs.  The  engine  and  boiler- 
houses  were  built  with  riveted  steel  roof  trusses. 

TRACKS 

for  coal-car  handling  were  laid  out  with  some  care.  There  is  a  siding 
for  loaded  trains  and  one  for  empties.  Another  siding  runs  through  a 
long  coal  shed  for  reserve  coal,  to  be  used  only  in  case  of  strikes  or 
other  emergencies.  A  siding  runs  into  the  machine  shop,  and  another 
runs  into  the  engine  house,  so  that  machinery  can  readily  be  moved 
from  one  building  to  the  other.  Two  forty-foot  track  scales  are  provided 
for  weighing  cars. 

THE    SETTLING    ISASFNS 

offered  many  interesting  problems,  and  it  will  be  hard  to  give  a  readable 
list  of  them  in  the  short  space  which  I  have  allowed  myself.  The  first 
and  most  important  question  that  came  up  was  whether  the  basins  should 
be  designed  for  a  uniform  continuous  flow  of  water  or  whether  the  water 
should  be  allowed  to  come  to  rest  and  be  given  a  period  of  undisturbed 
settlement  before  it  is  drawn  off"  into  the  conduit  leading  to  the  high- 
service  pumps.  By  which  plan  should  we  get  the  best  results  with  a 
given  expenditure? 

The  difficulties  in  the  way  of  arriving  at  the  truth  in  this  question 
were  considerable.  There  was  no  way  of  comparing  the  two  methods, 
on  a  large  scale  under  similar  conditions  of  sediment,  etc. 

A  basin  designed  for  the  plan  of  quiet  settlement  or  oi  filling  and 
draniing,  could  not  easily  be  altered  so  as  to  use  the  continuous  flow 
system  to  the  best  advantage. 

Each  scheme  has  its  advantages  and  its  drawbacks,  so  that  it  is  not 
merely  a  question  of  volume  or  area  or  amount  of  masonry.  Inlets  and 
outlets  must  be  considered.     Constant  flow  basins  usually  I'eceive  and 
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deliver  their  waters  over  long  shallow  weirs.  They  may  be  built  with 
paved  sloping  banks.  Basins  which  are  drawn  off  at  short  intervals 
must  have  vertical  walls,  as  the  mud  would  settle  on  the  slopes  and  in 
the  drawing  would  be  exposed  or  would  slide  down.  In  the  matter  of 
banks,  therefore,  the  constant  flow  basin  would  be  cheaper.  The  best 
form  for  a  continuous  flow  basin  is  hard  to  determine.  Some  think  that 
the  water  should  flow  over  many  weirs;  but  others  dispute  this.  The 
filling  and  drawing  plan  offers  the  greater  elasticity  in  operation,  as  the 
basins  may  be  gradually  drawn  down  in  case  of  need  without  seriously 
interfering  with  their  operation.  We  thus  take  advantage  of  their  stor- 
age capacity,  to  prevent  a  shortage  of  water  in  case  of  accident  to  our 
pumping  nu\chinery. 

The  old  basins  at  Bissell's  Point  were  designed  for  filling  and  draw- 
ing and  have  given  good  results.  As  the  water  in  the  river,  however, 
is  never  twice  alike,  it  would  be  hard  to  get  scientific  expressions  of  the 
clearing  obtained. 

After  thoroughly  sifting  the  testimony,  the  evidence  seemed  to  be 
stronger  on  the  side  of  the  quiet  settlement  plan.  The  following  are 
some  of  the  arguments  which  would  seem  iu 

THEORY 

to  support  this  conclusion. 

It  is  very  difficult  to  add  water  to  a  vessel  containing  still  water 
without  disturbing  the  latter. 

Any  one  can  learn  this  by  trial.  Take  a  glass  of  still  water  con- 
taining light  sediment  at  the  bottom,  and  try  to  add  water  to  the  glass 
without  disturbing  the  sediment  at  the  bottom.  On  the  other  hand  it  is 
easy  to  draw  water  out  of  a  vessel  without  disturliance.  One  can  readily 
decant  or  siphon  water  out  of  a  glass  and  yet  leave  tlie  sediment  at  the 
bottom.  Now  the  kinetic  energy  introduced  in  filling  a  basin  must  be 
absorbed  in  friction,  and  the  internal  friction  of  liquids  decreases  with 
the  velocities  of  the  currents,  so  that  it  takes  a  long  time  to  use  up  all 
of  the  energy  in  this  way. 

In  flowing  water  the  particles  never  move  in  parallel  straight  lines. 
In  the  case  of  water  flowing  through  a  cylindrical  ])ipe  it  is  probable 
that  each  particle  of  water  is  always  moving  in  a  curved  path,  that  is, 
each  group  of  particles  always  has  some  angular  velocity.  The  paths 
of  the  particles  may  be  likened  to  the  fibres  in  a  rope  which  have  some- 
thing of  the  form  of  a  compound  helix.  Each  fibre  is  twisted  around  the 
other  fibres  of  the  strand  while  the  strand  is  twisted  around  the  other 
strands.  It  is  only  by  some  such  system  of  conipound  curves  that  the 
observed  phenomena  of  flowing  v.'ater  can  be  explained.  Water  flow- 
ing into  or  through  a  reservoir  must  break  up  into  currents  or  nuisses, 
each  mass  having  both  linear  and  angular  velocitv. 
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It  is  by  means  of  these  angular  velocities  that  flowing  streams  are 
enabled  to  sustain  solid  matter.  The  swifter  the  stream,  the  greater  the 
angular  velocities  in  a  vertical  plane,  and  hence  the  greater  is  the 
carrying  power. 

Let  us  imagine  a  cylinder  with  horizontal  axis  filled  with  jelly  or 
similar  material.  In  the  jelly  is  a  leaden  weight.  While  the  cylinder 
is  at  rest  the  weight  sinks  with  a  uniform  velocity  m.  Now  revolve  the 
cylinder  with  a  uniform  angular  velocity  a.  The  weight  will  tend  to 
describe  a  circle  not  concentric  with  the  cylinder.  If  we  eliminate  the 
effect  of  inertia,  the  body  will  move  in  a  closed  path  and  will  never 
sink  below  a  certain  level  as  long  as  the  angular  velocity  remains  un- 
changed. Hence,  with  a  given  depth  of  water  and  a  given  angular 
velocity,  sedimentary  particles  of  a  certain  limiting  size  will  subside, 
while  those  a  degree  finer  will  be  held  in  suspension.* 

Applying  these  theories  to  the  clearing  of  water,  we  see  that  the 
aim  must  be  to  reduce  to  a  minin)um  the  angular  velocities  in  the  water. 
If  we  could  suddenly  bring  a  body  of  muddy  water  to  a  state  of  abso- 
lute rest  the  water  would  become  clear  in  a  remarkably  short  space 
of  time. 

In  a  constant  flow  basin  the  slower  the  movement  of  the  water  the 
faster  it  will  clear.  With  a  given  volume  of  basin  the  best  result  should 
be  obtained  by  stopping  all  flow  for  a  time,  as  is  done  in  the  system  of 
filling  and  drawing.  As  soon  as  the  inflow  of  water  ceases  the  internal 
velocities  begin  to  decrease,  rapidly  at  first  but  at  a  diminishing  rate. 
The  finer  and  lighter  the  sediment,  the  longer  it  will  take  to  reduce  the 
velocity  of  internal  curi'euts  to  the  clearing  point.  A  slight  decrease  in 
the  size  of  the  grain  makes  a  great  increase  in  the  time  required  for 
settlement. 

After  having  decided  on  using  the  fill-and-tliaw  system  we  took  up 
the  question  of 

THE    NUMBER    AND    SIZE    OF    THE    BASINS. 

Taking  twenty-four  hours  as  the  time  of  settlement,  w'e  used  the 
following  expression  to  denote  the  working  capacity  of  a  set  of  n.  basins 
holding  q  gallons  each  : 

_  (n-U)<?. 
That  is,  we  consider  that  while  a  basin  is  being  filled,  no  settling  will 
take  place,  and  that  the  settling  during  drawing  is  equivalent  to  one- 
half  that  of  a  full  basin  for  the  same  period.  Observations  made  in  our 
old  basins  show  that  the  water  continued  to  improve  as  the  basin  is  being 
drawn  off". 


*  For  discussion  of  this  principle  see  paper  by  J.  A.  Seddon,  in  Journal  of 
Association  of  Engineering  Societies,  Vol.  VIII,  1889. 
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In  the  new  plant,  just  completed,  Fig.  4,  we  have  six  basins  of 
22,000,000  (iniwing  capacity  each.  By  the  formula,  this  gives,  for  the 
system,  a  working  capacity  of  99,000,000  gallons  every  twenty-four 
hours,  with  twenty-four  hours'  settlement. 

Six  to  eight  hasins  would  seem  to  be  the  economical  number  for  our 
conditions. 

It  is  believed  that  with  a  given  lohime,  the  depth  of  the  basin  docs 
not  affect  the  time  of  clearing. 

The  economical  depth  would  be  that  which,  with  a  given  expendi- 
ture, would  hold  the  greatest  volume.  It  was  feared,  however,  that  water 
less  than  twelve  feet  deep  might  spoil  in  hot  weather,  and  hence  the 
actual  depth  was  made  greater  than  the  computed  economical  depth. 

While  not  so  direct  in  plan,  it  was  thought  wiser  to  bring  the 
water  to  the  basins  on  the  west  side,  which  is  away  from  the  river,  as  this 
location  puts  the  fill  in  r/  conduit  on  higher  ground,  so  that  it  can  be  built 
of  masonry.  The  water  is  drawn  from  the  basins  at  the  side  towards 
the  river,  as  the  basins  are  some  six  feet  deeper  at  this  side.  The  draw- 
ing gates  are  placed  at  the  very  deepest  part  of  the  basin,  just  over  the 
mud-gate  which  opens  into  the  sewer. 

It  was  thought  unnecessary  to  providt'  drawing-gates  at'  different 
levels,  as  was  done  in  the  old  Bissell's  Point  i)lant  ;  for  the  water  has  been 
shown  to  be  of  practically  equal  clearness  at  all  depths  after  a  few  hours' 
settling. 

Connections  between  the  basins  and  the  drawing  and  filling  con- 
duits were  made  with  60inch  cast  iron-pipe,  laid  in  five-foot  lengths 
with  lead  socket  joints.  Allowance  was  thus  made  for  unequal  settle- 
ment in  the  basin  walls  and  conduits,  as  the  lead  joints  will  allow  .some 
movement  without  leakage. 

The  six  basins  are  as  nearly  identical  in  form  as  they  could  be 
built.  Each  basin  has  independent  connecting  pipes  and  gates,  and  each 
basin  has  an  indej)endent  flushing  sewer  to  the  river. 
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regarding  the  general  features  and  details  of  the  plant  in  (juestion,  the 
reader  is  referred  to  the  illustrated  and  descriptive  articles  in  the  fol- 
lowing journals.  In  these  lu;  will  find  much  that  must  be  understood  in 
the  discussion  of  the  points  I  have  outlined,  but  which,  in  order  to  save 
space,  I  have  omitted  to  repeat : 

The  Engineering  Record  for  1892  coutainst  he  following  series  of 
articles  on  the  St.  Louis  Water  Works  Extension  : 

I.  General  description  of  conditions,  maps,  general  elevations  and 
details  of  inlet  tower  and  gate  house,  and  description  of  coffer-dam. 
April  9,  1892. 
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II.  Hydraulic  cyliaders  in  gate-house,  details  of  gate.«,  frames  and 
racks.     April  16,  1892. 

III.  Inlet  tunnel  and  shafts.     May  7,  1892. 

IV.  Wet    well,   screen    chamber,     engine-house    foundation    and 
delivery  well.     May  21,  1S92. 

V.  Settling  basins,  and   filling  and    drawing    chambers  for  same. 
August  6,  1892. 

VI.  Sections  of  11-foot  and  9-foot  conduits.     August  13,  1892. 

VII.  Maline  Creek  Aqueduct  Bridge.     September  3,  1892. 

VIII.  Culverts  under  conduit.     September  17,  1892. 

IX.  Terminal  chamber  of  conduit  and  connections.     October  22, 
1892. 

X.  Construction  of  masonry  conduit.  November  12,  1892. 
The  Engineering  Neiv--^  has  published  the  following  articles  : 
Settling  basins  and  details.     xVpril  18,  1891. 

Inlet  tower  and  tunnel.     Jidy  4,  1891. 
Brick  chimnev.     Julv  26,  1894. 


111.      Xt'w    M:ic'liiiU'i'v^ 


By  John  \.  Laihu,  Member  df  EMiiNEKiis'  Ceuh  of  St.  Louis. 


[Head  April  4,  1894.] 

In  this  paper  on  the  New  Machinery  for  the  St  Louis  Water 
AVorks,  the  writer  will  give  a  short  description  of  the  different  engines 
under  contract,  with  some  details  of  specifications,  lettings,  prices,  steam 
connections  and  proposed  system  of  operating  and  maintaining.  He 
also  hopes  to  be  able  at  some  future  time  to  give  the  Club  some  infor- 
mation respecting  the  duty  trials  of  the  different  types  of  engines. 

The  Water  Department  has  now  under  contract  seven  pumping 
engines  of  four  different  types.  Their  aggregate  cost  with  the  boilers 
will  be  in  the  neighborhood  of  $800,000.  High-service  engine  No.  6 
is  a  single  cylinder,  low  pressure  condensing  beam  engine  of  about  16 
million  gallons  daily  capacity.  It  is  being  built  by  the  Southwark 
Foundry  and  Machine  Co.,  of  Philadelphia,  at  a  cost  of  $110,500. 

The  first  pair  of  engines  for  the  Chain  of  Rocks  low-service  station 
are  compound  condensing  duplex  of  20  million  capacity  each.  They  are 
being  built  by  H.  R.  Worthington,  and  will  cost,  in  round  numbers, 
$300,000. 

The  second  pair  of  engines  for  Chain  of  Rocks  are  compound  con- 
densing engines  of  30  million  capacity  each.  They  are  being  built  by 
the  Edw.  P.  Allis  Company,  at  a  cost  of  $156,000.     Finally,  the  two 
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Baden  high-service  engines  are  three  cylinder,  triple  expansion  con- 
densing engines  of  10  million  gallons  daily  capacity  each.  They  arc 
also  being  built  by  the  Allis  Company.  They  will  cost  $132,000.  and 
undoubtedly  will  represent  the  very  latest  and  best  steam  practice. 

The  contracts  were  all  let  to  the  lowest  bidders,  according  to  the 
usual  method  of  letting  city  work. 

High-service  engine  No.  6  is  of  the  old  beam  and  ily-wheel  type 
which  has  served  the  department  so  well  for  the  past  twenty-four  years. 
There  were  three  bidders  at  the  letting  : 

Fulton  Iron  Works 8128,000 

Holly  Manufacturing  Co 119,000 

and  South wark  F.  &  M.  Co 110,500 

The  contract  was  awarded  to  the  Southwark  Companv,  and  the 
machine  is  now  being  erected  in  2)lace  at  Bissell's  Point.  The  indications 
are  that  she  will  be  ready  for  steam  about  the  middle  of  June.  There 
is  very  little  of  special  interest  in  this  engine.  The  main  shaft  is  of 
nickel-steel,  and  is  the  first  piece  of  that  remarkable  ;illoy,  of  any  size, 
which  has  come  to  St.  Louis.  It  was  made  by  the  Bethlehem  Iron  Com- 
pany, and  was  forged  entirely  by  hydraulic  pressure,  with  a  7-inch  hole 
through  the  center,  and  tempered  in  oil.  Test  specimens  cut  out  of 
each  end  of  the  finished  forging  showed  a  tensile  strength  of  92,000 
pounds,  and  an  elongation  22  per  cent,  in  4  diameters. 

The  first  bids  for  engines  to  be  placed  at  the  Chain  of  Rocks  were 
opened  in  July,  1890.  Tlie  specifications  did  not  call  for  two  engines 
of  20  million  gallons  daily  capacity,  but  for  two  engines  capable  of 
delivering  GOO  million  gallons  in  720  consecutive  hours.  It  is  quite  un- 
necessary to  say  anything  on  the  relative  merits  of  the  designs  proposed 
at  the  letting,  as  the  subject  was  very  well  aired  at  the  time.  There 
were  three  bids  presented,  as  follows: 

Builders'  Iron  Foundry 6342,000 

Holly  Manufacturing  Co 314,000 

Henry  li.  Wurthington  ....         299,500 

The  contract  was  awarded  to  the  Worthington  Company,  and  the 
engines  are  now  erected  in  place  at  the  Chain  of  Rocks.  They  are  com- 
pound duplex  condensing  engines,  with  the  Worthington  high-duty 
attachment.  Each  engine  has  two  high  pressure  and  two  low  pressure 
steam  cylinders,  which  are  respectively  21  and  42  inches  in  diameter, 
and  four  single  acting  plungers  36  inches  in  diameter,  and  under  each 
steam  cylinder,  all  of  80  inches  stroke.  The  engines  are  balanced  by 
means  of  walking  beams,  at  the  ends  of  which  are  placed  the  oscillating 
cylinders  of  the  high-duty  attachment.     The  lieams  are  built   up   of 
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two  (ruiinond-shaped  steel  ])lates  1  inch  thick,  separated  14  inches  by 
cast-iron  distance  pieces.  This,  although  very  weak  laterally,  is  strong 
and  light  as  a  beam.  As  all  of  the  work  is  done  while  the  plungers  are 
going  down,  the  beam  will  always  be  transmitting  the  work  being  done 
in  one  cylinder,  and  this  eli'ort  will  be  a  pull,  tending  to  raise  the  beam 
in  the  bearings.  These  machines  are  70  feet  high,  and  they  stand  in 
the  middle  pit,  which  is  '50  feet  s(piare.  There  is  no  masonry  founda- 
tion, the  bed  plates  resting  on  the  pit  bottom,  and  no  connection  to  the 
walls  except  by  gangways.  The  pit  is  not  floored  over,  and  all  galleries, 
stairways  and  landings  are  of  open  work  as  on  marine  engines.  This 
allows  light  to  penetrate  to  the  bottom  of  the  pit,  and  the  engineer, 
standing  on  the  upper  gallery,  can  see  clear  to  the  bottom.  There  is  no 
need  of  artificial  light  in  the  daytime  anywhere  about  the  pumps, 
except  inside  of  them.  The  joint  between  bedplates  and  pit  bottom  is 
from  '>  to  i'  of  an  inch  thick.  It  was  made  by  grouting  with  Portland 
cement.  The  foundation  bolts  were  also  grouted  in,  and,  after  the 
cement  was  set,  we  were  not  able  to  produce  any  perceptible  movement 
bv  hauling  down  hard  on  the  sixteen  2 j -inch  foundation  bolts. 

There  is  a  surface  condenser  in  the  delivery  pipe,  and  an  inde- 
pendent jet  condenser  for  emergency.  The  other  parts  of  the  engine 
do  not  differ  materially  from  those  of  the  well-known  Worthington 
type.  In  building  the  Chain  of  Rocks  engine-house  the  Water  Com- 
missioner departed  from  the  time-honored  custom  of  allowing  the  con- 
tractor to  use  any  means  which  might  beat  his  dis[)osal  for  erecting  the 
engines,  and  installed  a  15-ton  electric  traveling  crane,  capable  of 
sweeping  the  entire  engine-house  and  having  a  vertical  hoist  of  -SO  feet 
on  the  blocks.  This  crane  would  also  furnish  material  for  a  paper,  and 
I  will  say  that  it  is  almost  a  thing  of  beauty,  and  that  it  has  been  a  joy 
u])  to  date.  It  is  the  first  complete  power  crane  which  has  been  placed 
in  a  pum])ing  station,  and  I  know  of  only  one  crane  which  has  a  greater 
hoist  of  block.  On  the  day  upon  which  it  was  turned  over  to  the 
Worthington  Company,  they  lowered  150,000  pounds  of  bed-plate  60 
feet  into  position  in  the  pit.  Almost  any  one  can  design  a  crane  that 
will  hoist  a  given  load,  but  it  takes  extraordinary  capacity  to  design  one 
which  will  /oiver  the  load  with  perfect  satisfaction.  This  crane  has  not 
caused  a  moment's  delay  since  it  was  turned  over  to  the  contractor, 
although  it  has  been  looked  after  and  operated  by  an  ordinary  helper, 
who  had  to  be  taught  how  to  run  it. 

In  the  old  stations  all  of  the  boilers  deliver  their  steam  into  one 
great  main,  to  which  all  of  the  engines  are  connected.  At  the  Chain 
of  Rocks  there  will  be  three  batteries  of  boilers  and  three  pairs  of 
engines,  with  a  separate  steam  main  connecting  each  battery  of  boilers 
to  a  pair  of  engines.     In  addition  to  the  main  connection  we  have  by- 
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passes  by  means  of  which  steam  cau  be  taken  from  any  boiler  for  any 
engine  in  case  of  emergency. 

The  C.  W.  Hunt  system  of  tracks,  charging  cars  and  ash  cars,  which 
is  in  use  at  Bissell's  Point,  will  be  used  at  Chain  of  Rocks.  Track  scales 
are  provided  for  weighing  coal  and  ashes,  and  all  of  the  feed  water 
will  be  metered.  This  gives  an  opportunity  to  compare  the  duties  of 
different  types  of  engines  running  in  the  same  house  and  on  the  same 
work  ;  in  fact,  to  make  the  running  of  the  engines  and  boilers  a  per- 
petual duty  trial.  The  duty  required  by  the  specifications  is  85,000,000 
foot-pounds  of  work  per  1,000  pounds  of  commercially  dry  steam,  cor- 
rection being  made  for  entrainraeut  above  3  per  cent.  Both  capacity 
and  duty  trials  are  for  720  consecutive  hours. 

The  two  engines  under  contract  by  the  Allis  Company,  for  the  North 
Pit  at  Chain  of  Rocks,  are  each  to  pump  900  million  gallons  in  720  con- 
secutive hours,  and  are  the  largest  in  the  department.  The  letting  took 
place  in  November  last,  and  there  were  five  bidders,  as  follows: 

Holly  Manufacturing  Co $287,000 

H.  R.  Worthington 220,000 

Southwark  F.  &  M.  Co 208,000 

Rankin  &  Fritsch 193,000 

Edw.  P.  Allis  Co 156,000 

The  contract  was  awarded  to  the  Allis  Coini)any,  and  work  has  been 
begun  on  them  in  their  shops.  The  machines  are  vertical  cross  com- 
pound, with  surface  condensers  and  fly-wheels.  The  steam  cylinders  are 
28  and  54  inches  in  diameter.  Eiich  engine  has  two  single  acting 
plungers  48  inches  in  diameter;  all  108  inches  stroke.  If  the  well- 
known  Reynold's  triple  expansion  ])umi)ing  engines  were  to  be  relieved 
of  one  cylinder,  one  fly-wheel  and  one  pump,  the  result  would  be  the 
Chain  of  Rocks  type.  These  machines,  like  the  Worthington's,  will  rest 
on  the  bottom  of  the  pit  and  will  have  no  masonry  foundations.  The 
duty  required  is  100  million  on  a  thirty  days'  test. 

The  bonus,  amounting  to  about  ^375  per  million,  offered  by  the  city 
in  the  specifications  for  the  first  pair  of  engines,  as  a  reward  for  superior 
efficiency,  cut  no  figure  whatever  in  the  bidding.  In  writing  the  speci- 
fications for  the  first  pair  of  Baden  engines  it  was  proposed  to  improve 
upon  this.  The  duty  required  was  125  foot-pounds  per  1,000  pounds  of 
dry  steam  on  a  twenty-four  hour  test.  The  bonus  ofl^ered  was  in  the 
ratio  of  $1,000  for  each  million  foot-pounds  of  above  125.  Almost  any 
builder  of  modern  pumping  machinery  will  claim  a  duty  of  at  least  140 
millions  upon  his  particular  type  of  machine,  and  the  idea  was  to  give 
these  men  a  chance  to  put  up  their  hard-earned  dollars  for  the  purpose 
of  corroborating  their  oft-repeated  statements.     The  result  of  the  letting 
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was  a  surprise  to  every  one  counected  Avith  it.     There  were  six  bidders 
for  the  two  engines,  as  follows : 

Grosehon  High  Duty  Pumping  Engine  Co.    .  $223,000 

Southwark  Foundry  and  Machine  Co.    .         .  220,300 

Holly  Manufticturing  Co 198,000 

Rankin  &  Fritsch 173,000 

H.  R.  Worthington 155,000 

The  Edw.  P.  All  is  Co 132,000 

As  a  matter  of  course,  the  contract  was  awarded  to  the  Allis  Com- 
pany, and  they  have  begun  work  on  the  machines  in  their  shops. 

The  specifications  called  for  two  triple  expansion  pumping  engines 
of  10  million  gallons  daily  capacity  each,  to  pump  against  a  pressure  of 
125  pounds,  with  125  pounds  steam  pressure.  They  will  be  located  in 
the  high-service  station  No.  3  at  Baden.  They  are  of  the  well-known 
Reynold's  type  of  vertical  triple  expansion  engines.  The  steam  cylin- 
ders 31,  56  and  80  inches  diameter  respectively,  the  plungers  are  single 
acting,  25}  inches  diameter  and  all  are  of  64  inches  stroke.  Each  engine 
has  two  reheaters,  and  all  the  cylinders  are  jacketed  ;  the  high-pressure 
cylinders  with  live  steam,  and  the  intermediate  and  low-pressure  cylin- 
ders with  steam  at  reduced  pressure.  They  are  provided  with  surface 
condensers,  and  the  air  and  boiler  feed  pumps  are  connected  to  the  low- 
pressure  plunger  head.  All  of  the  plungers  are  so  loaded  that  the  steam 
will  have  to  do  the  same  work  in  lifting  the  plungers  and  its  connections 
on  the  up  stroke  as  in  going  down  and  forcing  the  water.  The  Rey- 
nold's Corliss  valve  motion  is  used  and  Corliss  valves  are  set  in  the 
cylinder  heads.  This  brings  the  clearance  spaces  down  to  a  minimum. 
On  the  high-pressure  and  intermediate  cylinders  the  percentage  of  clear- 
ance is  less  than  1],  and  on  the  low  pressure  less  than  half  of  1  per  cent. 
This  is  as  low  as  it  would  seem  possible  to  make  it  and  helps  to  account 
for  the  splendid  duty  shown  by  this  type  of  engine.  The  one  feature 
which  distinguishes  these  machines  from  all  other  pumping  engines  of 
this  size,  is  the  [)ressure  relief  valves,  which  are  designed  so  that  a  gate 
in  the  discharge  pipe  can  suddenly  be  closed  while  an  engine  is  running 
at  full  speed,  in  which  event  all  of  the  water  would  be  by-passed  back 
into  the  suction  pipe.  As  these  pumps  will  deliver  into  what  is  practi- 
cally a  closed  system,  some  such  device  would  seem  to  be  necessary.  In 
starting  up,  the  load  may  be  taken  off  the  relief  valves  and  the  engine 
started  slowly,  churning  the  water  through  the  by-pass.  Gradually 
increasing  the  load  on  the  relief  valves,  the  long  column  of  water  may  be 
started  very  slowly.  When  the  load  is  increased  to  the  point  when 
no  water  comes  through  the  by-pass,  the  pump  will  have  its  full  load, 
and  any  sudden  increase  in  pressure  will  only  cause  the  relief  valves  to 
open  proportionately. 
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On  the  other  hand,  the  engines  are  provided  with  regulators  to 
prevent  racing,  and  if  a  break  in  the  main  should  take  off  all  the  load, 
the  regulator  would  stop  the  engine.  If  these  appliances  satisfactorily 
fill  the  requirements  of  the  specifications,  the  machine  will  be  admirably 
adapted  to  the  very  hard  service  for  which  they  are  designed.  The 
plant  will  be  arranged  substantially  as  the  one  at  the  Chain,  and  it  is 
proposed  to  use  a  20-ton  electric  traveling  crane. 

It  would  be  very  interesting  to  analyze  the  various  designs  which 
have  been  submitted  at  the  different  lettings  and  come  to  some  definite 
conclusion  as  to  the  real  reason  for  the  great  difference  in  the  prices 
asked  by  responsible  builders  on  the  same  specifications.  Taking  even 
the  three  lettings,  the  machines  are  nearly  all  the  same  weight,  and  it  is 
diflftcult  to  see  why  the  prices  vary  from  $342,000  to  $132,000  ;  and,  in 
one  letting,  from  $287,000  to  $156,000.  It  was  evident  on  the  face  of 
the  bids  at  the  Baden  letting,  that  the  Allis  Company  was  the  only  one 
that  had  sufiicient  confidence  in  its  machine  to  pay  any  attention  to  the 
bonus  clause.  So  far  as  the  other  builders  were  concerned,  that  clause 
might  have  been  struck  out.  Worthington's  design  was  the  lightest  and 
the  cheapest,  and,  but  for  the  bonus,  would  have  taken  the  contract. 
But  125  millions  is  a  high  duty  for  that  type  of  engine,  and  the  bidders 
could  not  feel  safe  in  cutting  their  price  when  there  was  a  possibility  of 
paying  a  forfeit  at  the  rate  of  $2,500  per  million,  that  the  duty  fell 
below  125. 

Rankin  &  Fritsch  made  a  good,  fair  bid  upon  a  design  by  Mr. 
F.  W.  Dean,  of  Boston,  figured  very  carefully  down  to  the  lowest  living 
price.  The  design  did  not  differ  materially  from  the  Allis  engine,  and 
the  engine  would  have  been  of  nearly  the  same  weight.  But  these 
bidders  were  handicapped  in  two  ways.  The  design  would  have  cost 
them  at  least  $10,000,  and  never  having  built  an  engine  of  this  class, 
they  would  not  have  been  justified  in  making  a  guarantee  of  more  than 
the  125  million  duty  required.  Taking  $10,000  from  the  bid  for  the 
design,  leaves  $163,000  for  two  machines,  or  $81,600  each.  There  weie 
several  reasons  for  the  high  bid  of  the  Southwark  Foundry  and 
Machine  Company.  In  the  first  place  they  spared  no  pains  in  getting 
up  the  design,  but  made  it  the  very  best  they  knew  how.  Their 
machine  was  also  much  heavier  than  any  of  the  others.  Its  total  weight 
Avas  about  2,300,000  pounds,  while  the  Allis,  and  Rankin  &  Fritsch 
engines  weighed  only  about  2,000,000  pounds  each.  Southwark's  price 
per  pound  was  9.5  cents,  and  Allis'  Q.Q  cents,  but,  adding  the  $30,000 
which  they  expect  from  the  bonus,  we  get  8.1  cents ;  while  the  $50,000 
bonus  which  they  may  succeed  in  getting,  makes  their  bid  9.1  cents, 
which  is  not  so  far  from  Southwark's  price.  The  Allis  Company  figured 
on  doing  140  million  duty,  and  cut  their  bid   accordingly.     This   duty 
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would  bring  them  $30,000  on  both  machines,  and  this,  added  to  their 
l)id,  brings  it  to  $162,000,  or  $81,000  for  each  engine,  which  is  remark- 
ably close  to  what  Ranken  &  Fritsch  figured  for  building  the  Dean 
machine.  These  figures  look  very  low  in  comparison  with  the  price 
paid  for  the  Worthington  engines.  They  weigh  1,675,000  pounds,  and 
the  contract  price  is  $299,500,  making  the  price  per  pound  18|  cents. 
Of  course  these  are  only  very  rough  comparisons,  but  they  show  plainly 
that  the  city  paid  an  enormous  price  for  the  first  two  machines.  Part 
of  the  difference  between  this  and  the  cost  of  the  later  engines  is  due 
to  reduction  in  the  cost  of  material.  It  almost  seems  that  in  the 
short  time  intervening  between  the  first  and  the  last  letting,  pumping 
machinery  of  this  class  has  passed  from  a  stage  when  it  is  built  to  that 
of  being  manufactured. 

It  is  very  interesting  to  note  the  change  which  has  taken  place  in 
pumping  engine  design  in  a  little  over  three  years.  At  the  letting  in 
1890  all  designs  were  for  beam  engines.  In  1893  Worthington  was  the 
only  pumping  engine  builder  in  the  countiy  who  cared  to  bid  on  a 
beam  engine.  As  imitation  is  counted  the  sincerest  flattery,  Edwin 
Reynolds  must  feel  very  highly  complimented,  for  all  but  one  of  the 
great  pump  builders  in  this  country  are  paying  tribute  to  the  genius  of 
the  man  who  designed  and  built  the  first  triple  expansion  pumping  engine 
in  America,  by  substantially  copying  his  design  of  marine  engine  applied 
to  pumping  engine  practice. 

The  North  Point  engine  at  Milwaukee  designed  under  the  general 
supervision  of  Mr.  Reynolds,  with  a  duty  of  154  million  foot-pounds  per 
1000  pounds  of  dry  steam,  and  an  indicated  horse-power  per  hour  on 
11.6  pounds  of  dry  steam,  holds  the  world  record  for  economy  in  steam 
using. 

When  the  Chain  of  Rocks  and  Baden  stations  are  completed,  the 
works  will  be  able  to  furnish  100  million  gallons  daily  with  only  about  two- 
thirds  of  each  plant  in  operation.  Then  it  is  proposed  to  put  the  machines 
on  regular  watches  like  the  men,  only  the  engines  will  work  two-thirds 
of  the  time,  and  the  men  one-third  ;  while  the  engines  are  resting  they 
will  be  given  a  thorough  overhauling,  as  marine  engines  are  given  while 
they  are  in  port.  This  will  add  to  their  life,  and  it  is  hoped  that  it  will 
show  an  increase  in  the  economy  of  the  machines.  When  an  engine 
has  stood  a  run  of  say  two  weeks,  she  will  be  shut  down,  and  one  of  the 
crews  which  has  been  I'unning,  will  :pen  up  the  pump,  take  off  the  cyl- 
inder-heads, examine  all  packing,  bearings  and  valves,  make  all  adjust- 
ments, and  in  short  give  the  machine  an  overhauling  similar  to  what 
the  builders  give  just  before  running  a  duty  trial.  While  this  is  going 
on  in  the  engine  room,  another  crew  will  open  up  the  boilers,  give  them 
a  thorough  cleaning,  renew  grates  and   other  parts  requiring  renewal, 
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examine  all  valves,  fittings  and  distribution  pi})e,  and  \n\t  the  boiler.s 
in  exactly  the  condition  which  the  boilerinaker  would  put  them  in  when 
preparing  for  a  duty  test.  By  this  means  the  entire  plant  will  be  kept 
constantly  tuned  up  to  concert  pitch.  Whenever  an  engine  is  started 
up  after  being  overhauled,  steam  cards  will  be  taken  from  all  of  the 
cylinders  to  see  that  everything  about  the  valve  motion  is  in  adjust- 
ment. 

By  means  of  a  complete  set  of  log  books,  the  duty  performed  by 
every  engine  or  battery  of  boilers  on  any  watch  may  be  laid  befoi-e  the 
chief  engineer.  This  gives  a  check,  not  only  on  the  dut}'  that  the 
engines  are  doing,  but  on  the  work  of  the  men,  and  the  fireman  who 
does  his  work  conscientiously  and  gets  a  high  rate  of  evaporation,  will 
be  paid  more  than  the  one  who  just  manages  to  make  steam  enough  to 
keep  the  engines  going.  It  will  also  be  known,  by  the  duty  the 
machines  give,  how  well  the  crew  does  its  work  in  overhauling  and  tuning 
them  up.  With  a  system  something  like  this  it  will  be  possible  to 
elevate  the  grade  of  work  in  all  departments,  and  to  educate  the  firemen 
to  be  something  more  than  mere  coal-heavers.  Why  should  the  city 
spend  one  and  a  quarter  million  dollars  for  new  machinery  of  the  latest 
high-duty  type  and  not  have  the  very  highest  grade  of  work  procurable 
in  the  fire-room  as  well  as  in  the  engine-room  ?  The  maximum  efficiency 
will  not  be  reached  in  a  month,  or  perhaps  in  a  year,  but  by  giving  the 
men  substantial  proof  that  they  are  paid  to  use  their  heads  as  well  as 
their  hands,  we  shall,  in  a  comparatively  short  time,  have  in  charge  of 
of  the  new  machinery  a  corps  of  men  as  much  more  efficient  than  the 
old  crews  as  the  new  engines  are  better  than  the  old  ones. 

This  leads  naturally  to  the  question  as  to  how  much  saving  can 
reasonably  be  expected  from  the  use  of  the  high-duty  engines  ;  as  to 
the  duty  obtained  from  the  old  engines,  no  careful  duty  trial  has  been 
made,  so  far  as  I  know.  Reducing  to  duty  the  quantity  of  coal  burned, 
the  high  service  engines  give  a  little  over  30,000,000  foot-pounds  per 
100  pounds  of  coal.  Assuming  five  pounds  evajioration,  which  is  a  little 
low,  we  get  65,000,000  on  a  10-pound  basis.  Or,  reduced  to  steam 
per  horse-power  per  hour,  we  get  something  near  thirty  pounds. 

As  to  what  may  be  expected  of  the  new  engines,  I  will  consider 
only  the  high  service,  as  the  ratio  of  duties  between  the  new  and  the 
old  low  service  engines  will  be  as  high  as  corresponding  ratios  on  the 
high  service. 

It  would  not  be  safe  to  take  results  of  twenty-four-hour  duty  trials 
as  a  basis  of  computation,  and  the  only  figures  I  have  at  hand  for  com- 
parison, which  are  worth  considering,  were  given  me  by  Mr.  Benzen- 
berg.  City  Engineer  of  Milwaukee.  He  says  that  the  North  Point 
engine,  which  is  very  similar  to  our   Baden  machine,  designed  by  the 
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same  man  and  built  by  the  same  company,  gives  a  monthly  duty  of 
120,000,000  foot-pounds  per  100  pounds- of  coal,  without  any  deduc- 
tions. The  coal  used  is  anthracite,  and  gives  about  81  pounds  evap- 
oration. This  brings  the  monthly  duty  up  to  136,000,000  on  a  10- 
pound  basis.  Can  we  reasonably  expect  as  high  results  on  the  Baden 
engines?  It  would  seem  so.  The  water  pressure  is  higher,  the  steam 
pressure  a  little  higher,  and  the  clearance  spaces  on  all  the  cylinders  a 
little  less.  Surely  it  would  n(jt  be  out  of  the  way  to  expect  130,000,000 
on  a  10-pound  basis.  Granting  this,  the  coal  bill  will  be  reduced  one- 
half,  as  also  the  cost  of  coal-passing  and  firing,  and  one  engineer  will 
run  two  engines.  But  the  item  of  wages  will  cut  very  little  figure,  for 
a  certain  number  of  men  must  be  employed  in  connection  with  a  plant 
of  this  size.  Let  us  suppose  we  do  the  same  work  and  save  half  of  the 
coal.  One  of  the  old  15'000,000  engines  takes  fifteen  tons  of  coal  to  a 
watch  of  eight  hours.  They  will  run  two-thirds  of  the  time,  or  two 
watches  a  day,  through  the  year. 

Then,  on  a  15,000,000  gallon  engine,  we  would  save  fifteen  tons  per 
day,  or  5,475  tons  per  year.  At  the  present  contract  price  for  coal,  this 
amounts  to  $7,150 — quite  a  respectable  sum — which,  capitalized  at 
5  per  cent,,  gives  $143,000,  which  would  more  than  build  a  high-duty 
engine  of  equal  capacity. 

I  have  gone  very  hastily  over  the  subject  of  the  new  machinery  for 
the  water-works.  As  most  of  the  work  remains  to  be  done  and  none  of 
the  engines  have  been  started,  I  have  only  been  able  to  tell  what  we 
proposed  to  do  and  give  the  results  we  hoped  to  obtain.  There  will  be 
material  for  sevei'al  papers  of  very  high  scientific  as  well  as  practical 
value  on  the  duty  trials  of  the  several  machines.  The  water  commis- 
sioner intends  having  all  tests  conducted  by  experts  of  acknowledged 
ability  and  experience  in  this  class  of  work.  Mr.  C.  C.  Worthiugtou, 
in  speaking  to  the  writer  about  the  proposed  tests,  said  that  he  would 
consider  the  reports  of  the  same,  if  made  under  the  general  supervision 
of  Mr.  Holman,  a  most  valuable  addition  to  pumping-engine  literature. 


IV.     (Quality  of  tlie  Sui)i)ly 


By  Kohekt  E.  McMath,  Membkr  of  the  Engineers'  Club  of  St.  Louis. 


[Read  April  18,  1894.] 

A  Fi:w  years  since,  acfuestion  as  to  the  (juality  of  Mississippi,  and 
es[)ecially  Missouri,  river  water  would  have  been  treated  with  derision, 
but  now  even  the  old  time  St.  Louisian  must  admit  that  the  foundation 
of  his  faith  is  badly  shaken.  A  vast  area  is  tributary  to  the  Mississippi 
at  the  ])oiiit  where  our  supply  is  to  be  taken,  and  each  small  district 
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pays  that  tribute  in  a  manner  characteristic  of  itself.  The  result  is  a 
composite  of  waters  from  many  sources.  Mingled  with  the  water  is  the 
debris  of  mountain  and  plain,  as  matter  in  suspension  or  in  solution.  Of 
the  matters  in  suspension,  whether  of  vegetable,  animal  or  mineral  origin, 
none  adds  any  desirable  quality  or  character  to  the  water.  By  common 
consent  it  is  desirable  to  be  rid  of  them  all.  Of  matters  in  solution,  some 
may  be  neutral,  beneficial  or  harmful  for  one  or  more  of  the  uses  to  which 
water  is  put  in  a  great  city.  A  water  pure  according  to  scientific  stand- 
ards Avould  suit  no  one.  If  chemists,  individually  connected  with  the 
varied  interests  of  water  users,  were  called  upon  for  formulas  of  the  ideal 
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water,  a  strange  diversity  would  be  developed.  Nature's  mixture,  as  we 
have  it,  probably  comes  as  near  the  mean  of  such  ideals  as  is  possible, 
for  it  contains  a  little  of  everything  from  everywhere.  Recently  some 
of  our  people  have  awakened  to  the  probability  that  our  water  has  an 
undue  contribution  of  something  from  Chicago,  and  hence  in  large  part 
the  query  which  furnishes  occasion  for  this  paper. 

As  to  the  source  of  our  supply  I  remark,  first,  that  this   must  of 
necessity  be  the  river.     Second,  that  the  location  at  the  Chain  of  Rocks 
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is  plainly  designated  by  nature,  for  that  is  the  only  possible  point  of 
supply  on  the  Mississippi,  and  it  is  also  on  the  only  practicable  line  by 
which  a  supply  can  be  brought  from  the  Missouri. 

The  first  of  these  propositions  needs  no  argument,  except  to  put 
aside  the  occasionally  suggested  scheme  of  using  Meramec  water,  by 
reminding  you  that  the  Mei-amec  drains  a  mineral  region  and  is  liable 
at  low  stages  to  be  mineralized  to  an  extent  unfitting  it  for  use  as  drink- 
ing water.  Concerning  the  scheme  to  bring  in  the  water  of  St.  James 
Spring,  I  will  say  no  more  than  to  suggest  that  water  which  has  prob- 
ably traversed  a  series  of  bat  guano  caves  is  not  necessarily  pure,  even 
though  it  be  clear. 

To  establish  the  second  proposition,  I  call  attention  to  the  fact  that 
the  Bellefontaine  Bluff  on  the  Missouri  is  the  only  place,  until  we 
approach  the  limits  of  St.  Louis  County,  where  the  river  runs  along  a 
permanent  bank.  That  bluff  can  be  reached  from  the  Chain  of  Rocks 
by  a  tunnel  four  and  a  half  miles  in  length  that  will  deliver  Missouri 
water  into  the  wet  well  at  the  Low  Service  Station. 

Since  the  river  has  disposed  of  a  site  above  St.  Charles,  once  con- 
sidered possible,  by  leaving  that  site  more  than  a  mile  inland,  there  are 
but  two  places  where  a  permanent  intake  could  be  maintained,  that  at 
Bellefontaine  and  one  near  or  beyond  the  west  line  of  St.  Louis  County, 
distant  by  an  air  line  twenty-one  miles  from  the  nearest  point  in  the  west 
boundary  of  the  city,  at  Shrewsbury  Park.  The  same  point  being,  by  air 
line  sixteen  miles  from  Bellefontaine  Bluff.  The  conclusion  is  that  the 
location  at  the  Chain  not  only  serves  the  wants  of  the  city  of  to-day,  but 
absolutely  commands  the  water  supply  of  that  greater  St.  Louis  which 
some  people  can  see  with  the  mind's  eye. 

Much  criticism  has  been  expended  on  those  who  overruled  for  a 
time  the  recommendations  of  Mr.  Kirkwood  that  the  Chain  of  Rocks  be 
the  location  of  the  Low  Service  and  Baden  that  of  the  High  Service 
stations,  and  who  established  both  at  Bissell's  Point;  but  the  fact  that 
we  find  among  those  whose  counsels  prevailed,  such  men  as  Gerard  B. 
Allen  and  James  B.  Eads  warns  us  against  too  hasty  judgment.  A 
glance  at  the  city  map  will  suffice  to  prove  that  Bissell's  Point  is  well 
located  as  a  point  of  distribution.  It  is  not  now  a  proper  location  for 
an  intake,  and,  as  a  result,  the  city  has  on  its  hands  a  low-service  house 
and  three  well-worn  engines,  and  a  boiler-house  with  a  battery  of  anti- 
quated boilers  for  which  it  will  shortly  have  no  further  use ;  but  the  set- 
tling basins,  as  filter  beds  or  as  a  storage  reserve,  retain  their  full  value, 
as  do  also  the  high-service  houses  and  engines,  less  wear  and  tear.  The 
Kirkwood  plan  Avas  good,  as  is  evidenced  by  the  fact  that  we  are  now 
carrying  it  out,  so  far  as  location  is  concerned ;  but  it  outran  the 
resources  and  actual  needs  of  the  day  when  it  was  proposed.     The  map 
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shows  us  the  Cold  Water  or  St.  Ferdinand  Creek  emptying  into  the 
Missouri  near  the  upper  end  of  Bellefontaine  Bluff.  This  creek  drains 
an  area  which,  even  now,  is  being  invaded  by  the  suburban  site  specu- 
lator, and  which  at  no  remote  date  will  receive  the  sewage  of  a  large 
population.  But  if  we  indulge  the  visions  of  our  prophetic  eyes,  we  are 
liable  to  fall  into  the  error  of  the  housewife  who,  by  preparing  for  an 
extra  good  dinner,  left  breakfast  uncooked.  We  therefore  adopt  the 
Chain  of  Rocks  for  the  location  of  pumping  and  .settling  works,  and 
point  to  the  Bellefontaine  Bluff  as  a  possible  future  intake  point. 

What  shall  we  say  as  to  the  location  of  the  high-service  stations? 

Let  it  be  understood  that  we  are  dealing  with  the  question  of  a 
water  supply  for  St.  Louis  from  1894  to  1920  at  farthest. 

If  arcs  of  different  radii  be  struck  from  the  Baden  location  as  a 
center,  it  will  appear  that  a  greater  area  can  be  supplied  from  that  point 
than  from  any  other  which  can  be  reached  by  gravity  j'  v  from  the  set- 
tling basins.  The  location  is  on  a  direct  line  from  the  .rjttliug  basins  to 
the  northwest  corner  of  Forest  Park.  Hence  it  is  an  eligible  location 
for  the  supply  of  the  western  part  of  the  city  and  of  the  adjoining 
suburban  territory. 

The  highest  ground  in  the  city  limits  north  of  the  Pacific  Railroad 
is  almost  centrally  divided  by  the  line  mentioned.  The  line  to  the  high 
elevations  south  of  the  Pacific  Railroad  is  also  direct  and  as  short  as 
any.  The  highest  elevation  within  the  city  limits  north  of  the  railroad 
is  about  180,  above  directrix,  at  the  southwest  corner  of  Forest  Park  ; 
the  highest  south  of  the  railroad  is  205,  at  the  Female  Hospital.  The 
highest  graded  point  in  the  old  city  limits  (prior  to  1876)  north  of  the 
railroad  is  140 ;  south  of  the  railroad,  159. 

Taking  30  pounds  pressure  at  street  grade  as  standard,  a  reason- 
ably satisfactory  supply  from  the  present  works  north  of  the  railroad  is 
limited  by  the  grade  contour  of  130,  while  south  of  the  railroad  the 
limit  is  that  of  125  to  120.  These  facts  suggest  that  the  Baden  Station 
should  be  designed  to  supply  the  high  levels,  and  that  the  Bissell's  Point 
Station  be  maintained  to  supply  the  lower  levels. 

Should  it  be  deemed  necessary  to  filter  the  water  for  domestic  use, 
a  third  standard  of  pressure  may  well  be  considered.  For  very  nianv 
manufacturing  establishments  filtered  water  will  be  no  better  than  set- 
tled water.  Most  of  these  establishments  are  now,  and  for  transporta- 
tion reasons  they  always  will  be,  located  on  ground  below  the  grade 
contour  of  75.  If,  therefore,  a  plant  be  operated  to  deliver  settled,  but 
unfiltered,  water  in  this  low  district,  manufacturing  interests  will  be  pro- 
moted by  a  less  water  rate  than  would  be  possible  if  filtered  water  alone 
were  supplied,  and  the  further  problem  of  finding  employment  for  ground 
now  depreciating  in  value  will  be  solved.     Still  farther,  if  users  of  large 
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quantities  of  water  locate  on  the  low  lauds  north  of  Bissell's  Point,  it 
will  be  entirely  practicable  to  supply  them  at  a  still  lower  rate  with 
settled  water  direct  from  the  conduit. 

To  carry  out  this  idea,  one  of  the  high-service  houses  at  Bissell's 
Point  would  handle  water,  filtered  probably  in  the  present  settling 
basins,  and  pump  30  tnilliou  gallons  per  day  against  a  head  of  about 
220  feet;  the  other  {)uraping  daily  30  million  gallons  of  unfiltered 
water  against  a  head  of  about  130  feet.  The  Baden  Station  might  be 
divided  into  two  services,  the  one  part  pumping  against  220  feet  head, 
the  other  against  about  315  feet.  Of  course,  economy  demands  that,  so 
far  as  possible,  territory  which  requires  the  high  head  should  be  served 
separately. 

Consideration  has  been  given  to  the  suggestion  of  a  supplementary 
detached  station  for  the  highest  service ;  but  the  weight  of  argument 
seems  to  be  in  favor  of  concentrating  all  pumping  machinery  at  the 
main  stations. 

From  this  outline  of  a  possible  development  of  the  water  works,  a 
matter  haviug  a  close  relation  to  the  consideration  of  quality,  I  pass  to 
the  still  more  closely  related  question  of  purity;  meaning,  by  purity, 
freedom  of  the  water  from  any  mixture  or  contamination  which  would 
render  it  dangerous  to  human  health. 

From  what  I  have  already  said  you  will  have  gathered  that,  as  we 
are  at  present  situated,  the  water  supply  must  be  taken  from  the  INtissis- 
sippi  River  at  the  Chain  of  Rocks,  or,  as  an  alternative,  from  the  Mis- 
souri River  at  the  Bellefontaiue  Bluff. 

When  the  Chaiu  of  Rocks  was  adopted  as  the  location  whence  the 
supply  for  the  immediate  future  should  be  taken,  it  was  virtually  as- 
sumed that  water  there  taken  would  be  wholly  from  the  Missouri.  The 
well-known  phenomenon  that  an  apparent  line  of  demarkation  between 
the  waters  of  the  two  rivers  is  noticeable  at  the  city  front  was  triumph- 
antly quoted  as  demonstration  that  none  but  Missouri  water  could  reach 
the  proposed  intake.  Hence  it  was  urged  that  to  go  to  the  Missouri 
itself  was  an  unnecessary  expense.  While  coming  down  the  river  in 
October,  1887,  I  saw  what  led  me  to  the  conclusion  that  at  that  time, 
and  probably  at  all  low  stages,  a  mixture  of  the  waters  of  the  two  rivers 
took  place  immediately  at  their  junction. 

What  I  saw  was  the  water  of  the  Missouri  droi^ping  into  that  of 
the  Mississippi  over  a  fan-shaped  reef  extending  across  the  mouth  of  the 
Missouri ;  the  muddy  water  of  the  Missouri,  plunging  under  the  clearer 
water  of  the  Mississippi,  came  to  the  surface  in  irregular  boils  and 
patches,  some  rising  near  the  Illinois  shore.  Later,  I  noticed  that  al- 
though the  water  appeared  densely  muddy  wlien  looked  at  vertically 
from  the  steamer's  deck,  vet  the  bow-wave,  when  first  started  from  the 
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stem  and  broken,  showed  comparatively  clear.  I  was  thus  compelled 
to  recognize  the  fact  that  Mississippi  water  tended  to  overlie  that  of  the 
Missouri,  and  hence  that  it  might,  and  probably  did,  extend  well  over 
to  the  Missouri  shore,  and  that  consequently  some  proportion  of  Missis- 
sippi water  would  be  taken  into  a  supply  drawn  at  the  Chain  of  Rocks. 

Reporting  what  I  had  seen  to  Mayor  Francis  and  my  associates  on 
the  Board  of  Public  Improvements,  and  thus  raising  a  question  as  to 
the  sufficiency  of  the  traditional  belief,  I  also  suggested  the  advisability 
of  making  an  investigation,  chemical  and  biological,  of  the  water  of  the 
Illinois  River,  in  order  to  determine,  if  possible,  wliether  any  risk  to  the 
health  of  St.  Louis  would  be  incurred  by  taking  our  water  supply  at  a 
point  where  it  is  well  nigh  certain  that  water  which  has  passed  through 
the  sewage  pumj^s  at  Bridgeport  will  in  some  proportion  enter  that 
supply. 

Being  at  the  time  a  believer  in  the  doctrine  that  dilution  and 
opportunity  for  oxidation  would  certainly  render  sewage  harmless,  my 
expectation  was  that  such  an  examination  would  bring  out  strong  evi- 
dence that  the  supply  might  be  taken  there  without  risk  of  harm.  Later 
evidence  has  shaken  my  faith  in  the  doctrine,  but  has  not  proven  the 
contrary. 

As  a  consequence  of  my  report,  the  Water  Commissioner,  taking 
due  precautions  to  guard  against  misleading  results,  obtained  samples  of 
Avater  from  the  Mississippi  above  the  influence  of  the  Missouri,  from  a 
corresponding  j)oiut  in  the  Missouri,  and  at  the  Chain  of  Rocks,  and 
obtained  a  chemical  analysis  of  them  by  Prof.  W.  B.  Potter,  Manager 
of  the  St.  Louis  Sampling  and  Testing  Works.  The  details  are  fully 
set  forth  in  the  report  of  the  Water  Commissioner  for  the  fiscal  year 
ending  April,  1888,  pages  71,  72  of  the  Report  of  the  Board  of  Public 
Improvements. 

These  results  confirm  the  observations  I  have  described,  and  prove 
that,  although  the  characteristics  of  Missouri  water  greatly  predoininnte 
at  the  Chain  of  Rocks,  the  influence  of  the  Mississippi  water  is  clearly 
manifest.  The  increase  of  the  mixture  of  the  waters  with  the  distance 
traversed  is  shown  by  the  results  at  Bissell's  Point.  It  must  therefore  be 
taken  as  an  established  fact  that  at  low  stages,  or  during  the  fall  and 
winter  months,  the  water  which  has  been  furnished  our  city  from  Bis- 
sell's Point  has  contained  a  considerable  proportion  of  Mississippi  River 
water,  and  probably  some  of  it  from  the  Illinois  and  the  Bridgeport 
pumps;  also  that  the  supply  taken  at  the  Chain  of  Rocks  will  contain 
a  diminished  proportion  of  water  from  the  same  sources 

Since  the  foregoing  evidence  was  obtained,  the  city  of  St.  Louis  has 
been  visited  by  a  serious  outbreak  of  typhoid  fever,  lasting  through  the 
fall  and  winter  months  of  1892  and  into  1893.     Our  Board  of  Health, 
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by  its  official  action,  laid  tlie  outbreak  to  the  charge  of  a  contaminated 
Avater  supply,  and  so  gave  publicity  and  official  sanction  to  a  report 
injurious  to  our  city. 

The  progress  of  this  outbreak,  as  per  official  report,  was : 

I  )('aths.  Cases. 

Jamiiiry,    1892,. 13        22 

February,     "           8        22 

March,          "  .            7        18 

April,           "  9                ....          14 

May,              "  8         13 

June,             "  6        32 

July,             "  15        35 

August,         "  8        .....          70 

September,  "  23        142 

October,        "  •    ■    •  45        261 

November,  "  Ill         1923 

December,    "  189        945 

January,    1893, 36        114 

February,     "  17        35 

March,         "  8        "40 

April,           " 8 

May,             "  3 

June,            "  2 

July,             "  .    .        11 

August,         "  42 

September,  "  32 

October,        " 20 

November,   "  25 

December,    "  11 

January,    1894, 2 


February, 
March, 


The  surumer  of  1892  was  a  flood  season  in  the  Mississippi,  and  the 
bottom  lands  north  of  Grand  Avenue  were  submerged  for  many  days. 
The  sewer  outlets  along  the  entire  city  front  were  blocked  by  backwater 
for  months.  Yet  it  is  reported  that  the  1st,  2d,  3d,  4th,  5th,  6th,  8th, 
and  13th  wards,  where  these  influences  were  most  potent,  furnished  com- 
paratively few  cases.  The  disease  was  chiefly  prevalent  between  Twelfth 
Street  and  Vandeventer  Avenue,  Victor  Street  on  the  south  and  Her- 
bert Street  on  the  north;  or,  by  house  numbers,  between  1200  and  3900 
east  and  west,  2500  south  and  3500  north. 

It  is  not  apparent  why  a  charge  was  brought  against  the  water 
supply,  which  had  certainly  the  same  character  throughout  the  city 
when  some  of  the  most  densely  populated  wards  were  nearly  exempt. 
It  will  also  be  observed  tluit  the  disease  was  present  to  a  sufficient  ex- 
tent to  have  [)ut  the  health  authorities  on  their  mettle  during  the  early 
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months.  The  decided  spread  began  in  June,  reached  its  niaxiinuni  in 
cases  in  November,  and  quickly  fell.  The  cause  can  hardly  be  found 
in  the  water  supplied,  for  the  increase  began  when  the  river  was  ap- 
proaching a  flood  stage,  when  certainly  the  probability  of  contamination 
by  sewage  from  other  cities  must  have  been  infinitesimal.  As  the  river 
approached  a  low  stage,  and  the  probabilities  of  sewage  contamination 
increased,  the  disease  abated  ;  and  when  the  rigors  of  a  severe  winter 
covered  the  streams  with  ice,  and  so  brought  the  sewage  of  Chicago  and 
other  up-river  cities  to  our  doors  under  conditions  as  unfavorable  to 
self-purification  as  can  well  be  imagined,  the  disease  fell  to  its  normal 
I  think  that  the  water  supply  is  entitled  to  a  verdict  of  acquittal,  hav- 
ing shown  an  alibi.  A  further  cry  was  made,  and  the  city  was  nigh 
being  dragooned  into  a  large  expenditure  to  hasten  the  transfer  of  the 
intake  to  the  Chain — by  temporary  expedients  that  would  have  seri 
ously  interfered  with  the  j^ermanent  works.  But  that  the  flow  from 
Harlem  and  other  suburban  creeks  had  nothing  to  do  with  the  typhoid 
scare  is  well  evidenced  b}^  the  fact  that  very  few  cases  of  the  fever  oc- 
curred within  their  drainage  areas. 

I  conclude  that  as  yet  no  evidence  has  appeared  to  justify  an  un- 
favorable opinion  as  to  the  quality  of  our  water  supply.  Further,  the 
analyses  of  1887,  already  referred  to,  indicate  that,  contrary  to  tjadi- 
tional  ideas,  the  Mississippi  water  is  not  only  clearer  than  that  of  the 
Missouri,  but  has  materially  less  sulphuric  acid,  lime,  magnesia,  chlorine, 
iron  and  alumina,  and  is  lower  in  hardness.  Therefore,  so  far  as  chem- 
istry is  concerned,  it  is  the  preferable  water. 

The  quality  of  our  water,  so  far  as  appearance  and  usefulness  are 
concerned,  is  open  to  improvement.  The  mud,  and  sometimes  the  color- 
ing matter,  are  unbearable.  In  days  not  very  remote,  the  St.  Louisian 
who  did  not  argue  that  the  mud  was  a  positive  advantage,  was  the  ex- 
ceptional character.  The  one  who  does  so  argue  is  now  the  exception. 
Still,  I  think  that  all  of  us,  when  in  other  cities,  particularly  in  those 
which  take  their  supplies  from  the  great  lakes,  find  something  lacking^ 
and  we  long  for  a  satisfying  draught  of  Mississippi  water.  I  am  not  dis- 
posed to  attempt  telling  you  affirmatively  what  the  lack  is;  but  negatively 
I  will  say  it  is  not  the  absence  of  mud.  Experience  and  experiment 
has  taught  our  water- works  men  that  settlement  for  twenty-four  hours  in 
a  reasonably  quiet  basin  will  clear  the  water  of  nearly  all  of  its  sediment. 
A  cloudiness  will  remain  after  a  long  period  of  rest.  Apparently,  the 
interest  of  purity  rather  favors  the  adoption  of  a  twenty-foui'-hour  period 
for  settlement.  It  is  also  to  be  noted  that  at  the  breaking  up  of  winter 
there  is  usually  a  time  when  a  persistent  dark  color,  a  disagreeable  black 
deposit  and  an  unpleasant  flavor  prevail ;  and  these  are  not  removed  by 
settlement.     In  summer  flood  time  the  mud  is  at  its  maximum  ;  but  the 
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water,  when  settled,  is  free  from  unpleasant  flavor,  although  it  retains  a 
stain. 

What  may  we  expect  when  the  new  works  are  in  operation  ?  So 
far  as  freedom  from  mud  is  concerned,  I  know  of  no  reason  to  look  for 
better  results  than  were  realized  when  the  Bissell  Point  works  were  first 
completed,  results  which  continued  until  the  capacity  of  the  settling 
basins  became  overtaxed. 

Our  spring  and  summer  supply  never  gave  us  clear  water,  and 
probably  never  will.  I  anticipate  that  the  advancing  tastes  and  habits 
of  our  people  Avill  demand  something  better  than  can  be  attained  by  set- 
tling alone.  Whether  that  something  will  require  filtration,  or  may  be 
practically  attained  by  some  process  of  clarification,  is  an  unsolved  ques- 
tion of  great  importance.  The  success  of  many  filters  depends  largely 
upon  the  use  of  some  coagulant,  of  which  alum  may  be  named  as  a 
representative,  because  most  frequently  used.  If  just  the  right  propor- 
tion of  alum  is  used,  no  trace  of  it  can  be  found  in  the  efiiuent,  and,  of 
course,  no  harm  can  follow.  If  a  coagulant  is  to  be  used  to  assist  filter- 
ing, is  it  not  better  to  use  it  at  the  low-service  works,  and  for  all  the 
water  pumped,  than  at  filter  stations  near  the  high-service  pumps, 
further  inland,  for  perhaps  a  part  ? 

That  a  substantial  gain,  as  to  quality,  would  follow  a  more  complete 
clarification,  is  indicated  by  the  average  results  of  a  series  of  analyses 
of  samples  taken  from  mid-channel,  from  the  distributing  well  and  from 
the  clear  well. 

The  average  results  from  16  groups  taken  at  stages  of  water  ranging 
from  67.6  to  100.2  (directrix  =  100),  and  in  season  from  mid-winter  to 
mid-summer,  show  : 

Parts  ill  l,nOO,000. 
Channel.  Dist.  Well.  Clear  Well. 

Alb.  Ammonia 1.046  1.033  0.411 

Free  Ammonia        0.038  0.046  0.019 

Nitrites 0.0002  0.0003  0.00018 

Nitrates 0.383  0.381  0.442 

•Oxvgen  consumed 31.60  33.00  15.90 

Or,  assembling  series  of  similar  dates,  in  order  to  show  the  gain  by  sedi- 
mentation : 

Oxygen  Consumed. 
Parts  per  1,000,000  by  Weigbt. 
Date  of  Collecting.  Gauge  of         Temp,  ot  Clear 

River.  Water.  Cbannel.  Dist.  Well.  Well. 

June  27,  1893 89.9  27°  C.  41.40  47.80  17.80 

July  8,  1893 89.5  27°  C.  46.80  44.60  15.40 

July  12,  1893 85.0  27°  C.         •    45.80  48.60  20.80 

July  19,  1893 84.0  28°  C.  43.40  44.00  18.20 

July  26,  1893 79.6  28°  C.  38.40  38.40  15.20 

August  31,  1893 72.0  22°  C.  21.40  25.80  17.10 

November  5,  1893     ....  70.4  10°  C.  7.80  5.80  5.20 

December  6,  1893     ....  67.0  1°  C.  7.00  7.00  5.60 
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If  the  sedimeutation,  occurring  during  the  passage  of  the  waters 
through  our  present  settling  basins,  reduced  the  carbonaceous  matter  by 
an  average  of  60  per  cent,  when  the  river  was  20  feet  or  more  above  low 
water,  then,  with  the  better  settling  facilities,  afforded  by  the  new  works,, 
we  may  confidently  expect  a  much  higher  percentage  of  purification. 

A  comparison  of  determinations  of  albuminoid  ammonia  would  sus- 
tain this  conclusion,  but  purification  in  this  respect  will  not  necessarily 
be  accompanied  by  a  corresponding  improvement  in  appearance. 

If  to  natural  settling  we  add  the  clarification  due  to  use  of  a  coagu- 
lant, we  may  well  expect  a  water  as  free  from  objectionable  matter, 
organic  and  inorganic,  as  is  practicable  ;  still,  not  a  water  to  satisfy  the 
fastidious,  for  at  times  it  will  have  a  dark  shade,  and  at  all  others  more 
or  less  of  a  whitish  cloudiness. 

To  meet  the  last  requirement,  filtering  must  be  resorted  to.  But,  it 
may  be  asked,  should  the  city  be  compelled  to  filter  the  entire  supply  in 
order  to  meet  a  demand  arising  from  only  a  part  of  its  people?  Prob- 
ably less  than  half  the  water  supplied  would  be  improved  for  the  use  to 
which  it  is  put  by  this  last  and  costly  process.  Considering  the  fact 
that  filtered  water  rapidly  deteriorates,  would  it  not  be  better  to  leave 
the  filtering  to  those  who  want  it  ? 

These  are  questions  any  one  may  ask,  but  who  has  the  answer 
ready  ? 

As  yet,  I  have  not  touched  upon  the  question  that  perhaps,  in  your 
minds,  is  most  vital  to  the  quality  of  our  water,  viz. :  How  will  it  be 
affected  by  the  completion  of  the  Chicago  drainage  scheme? 

Let  us  assume  the  worst  conceivable  condition :  the  Missouri  and  Mis- 
sissippi dead  low  ;  their  joint  volume  about  45,000  cubic  feet  per  second, 
and  the  Illinois  frozen  from  its  mouth  up,  so  that  whatever  may  under 
present  conditions  enter  the  Chicago  canal,  will  be  delivered  at  the 
mouth  of  the  Illinois  as  if  it  had  come  through  a  closed  pipe.  Then,  as 
was  the  case  in  1892-3,  nearly  2  per  cent,  of  the  water  passing  St.  Louis 
will  have  passed  through  the  Bridgeport  pumps.  When  the  drainage 
canal  is  in  operation,  with  a  flow  of  10,000  cubic  feet  per  second,  the 
proportion  of  water  that  has  been  subject  to  Chicago  influence  will  be 
18  per  cent.,  a  prospect  which,  of  itself,  is  not  reassuring.  Let  us  look 
closer. 

Estimating  the  sewage  proper  as  equal  to  the  water  supply,  we  may 
roughly  estimate  that  of  the  delivery  of  the  Bridgeport  pumps  20  per 
cent,  is  sewage  and  that  the  remaining  80  per  cent.,  while  originally  lake 
water,  has  been  in  very  bad  company  during  its  leisurely  trip  through 
the  Chicago  River.  Under  the  proposed  condition  of  10,000  cubic  feet 
flow  per  second,  the  sewage  proportion  will  fall  to  about  4  per  cent.,  and 
the  96  per  cent,  will  have  passed  through  Chicago  without  stopping. 
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Using  these  proportions,  it  seems  tliat  j^j  of  one  per  cent,  of  the 
present  low  stage  Mississippi  flow  has  been  in  the  condition  of  sewage, 
.and  that  this  proportion  will  rise  to  y'^  of  one  per  cent  ,  when  the  2^ 
million  mark  of  Chicago  population  within  the  sanitary  district  shall 
have  been  reached.  Hence,  unless  we  are  helped  by  mere  dilution  from 
the  beginning,  the  quality  of  Mississippi  water  will,  as  a  whole,  have 
suffered  from  the  Chicago  scheme. 

But  these  and  similar  arguments  prove  nothing  in  reality,  although 
the  figures  represent  facts. 

The  underlying  question  is :  Does  water,  which  washes  nearly  every- 
thing else,  wash  itself?  In  other  words,  does  it,  by  any  process,  rid 
itself  of  filth  after  contamination?  We  know  that  it  does:  by  sedimen- 
tation and  by  chemical  change,  in  which  lower  forms  of  organic  life 
may  have  an  important  part. 

But  how  are  we  to  know,  when  the  chemist  assures  us  that  all  the 
ammonia  that  left  Chicago  has  passed  into  harmless  nitrates  before 
reaching  St.  Louis,  that  some  colony  of  pathogenic  bacilli  has  not  made 
the  voyage  with  unimpaired  vitality?  I  have  no  answer  to  this  ques- 
tion. When  we  think  of  all  the  risks  and  dangers  we  are  said  to  incur 
with  every  breath  we  inhale,  every  morsel  we  eat  and  every  draught  we 
drink,  we  may  well  wonder  that  our  harp  of  a  thousand  strings  keeps  in 
tune  so  long.  While  ignorant  of  these  risks,  the  race  lived  and  it  prob- 
ably will  continue  to  live  in  spite  of  what  biologists  tell  us. 

Scientists  are  to  be  commended  for  their  patient  and  painstaking 
researches,  for  seeking  to  penetrate  the  mysteries  which  surround  us ; 
and  if,  under  strong  temptation,  they  sometimes  tell  us  things  before 
they  know  them  themselves,  as  possibly  some  have  done  in  the  matter  of 
St.  Louis  water,  we  engineers  need  not  throw  stones  at  them,  for  we  have 
glass  sections  in  our  own  house. 

Much  has  been  said  locally  about  the  scheme  by  which  Chicago  aims 
to  cast  her  filth  before  us.  It  may  be  wrong  for  her  to  do  so,  but  St. 
Louis  cannot  of  herself  collect  the  proof;  partly  because  she  cannot  find 
the  men  and  the  means  for  the  demonstration,  and  partly  because  any 
action  in  this  direction  will  be  attributed  to  jealousy,  and  any  proof 
furnished  will  be  much  discredited  on  account  of  traditional  rivalry. 

The  questions  involved  are  of  the  utmost  importance,  not  only  to 
the  cities  immediately  interested,  but  to  all  the  cities  and  states  on  the 
earth.  It  is,  therefore,  ]iroper  that  the  United  States  Government  be 
asked  to  make  a  full  investigation  of  the  facts  presented  by  the  Illinois 
River,  and  of  the  eflfect  of  Chicago  sewage  on  it,  especially  when  the 
river  is  frozen. 

A  disinterested  examination  would  lead  to  wise  legislation,  regulat- 
ing, controlling  or.  prohibiting  the  discharge  of  sewage  into  streams  and 
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rivers,  small  and  great,  by  Minneapolis,  St.  Paul,  Omaha,  Kansas   City, 
St.  Louis  and  smaller  cities. 

As  the  population  of  this  country  becomes  more  dense,  the  question 
of  the  quality  of  water  supply  will  become  more  important,  and  our 
efforts  may  of  necessity  turn  from  the  prevention  to  the  cure  of  pollution. 

To  completely  guard  the  purity  of  our  streams  is  not  possible,  and 
hence  the  purification  of  water  will  probably  become  a  necessity  ;  but 
that  probability  should  not  lead  to  indifference  as  to  the  pollution  of  the 
streams. 

Returning  for  a  final  glance  at  the  Chicago  plans,  I  will  say 
that  already  a  very  large  part  of  Chicago's  territorial  area,  and  a  con- 
siderable part  of  her  present  population,  are  outside  of  the  sanitary 
district  to  be  served  by  the  canal.  Moreover,  the  canal  is  only  an 
outlet  for  Chicago  drainage,  and  it  must  be  remembered  that  drainage 
is  a  matter  entirely  distinct  from  the  disposal  or  treatment  of  sewage. 
Chicago's  sewer  system  will  have  to  be  radically  remodeled  to  com- 
plement the  drainage  plans.  Perforce  she  will  have  to  separate 
sewage  from  storm  water,  and  will  have  to  pump  a  large  part  of  the 
sewage.  Under  this  necessity,  imposed  by  natural  conditions,  it  will 
be  comparatively  easy  for  the  State  of  Illinois,  or,  in  default  of  her 
action,  for  the  general  government  to  impose  a  further  condition  that 
the  sewage  be  purified  before  delivery  into  the  waters  of  a  navigable 
stream. 

When  I  promised  the  Secretary  of  the  Club  to  undertake  one  of  a 
series  of  papers  on  the  new  water  works,  I  did  not  appreciate  the  pov- 
erty of  the  information  available  to  me  concerning  quality  of  supply. 
Certainly,  there  is  much  that  might,  and  should,  be  known  concerning 
Mississippi  or  Missouri  water,  the  variations  of  quality  with  season  and 
stage,  and  other  matters  of  inquiry. 

No  systematic  study  of  our  water  had  been  made  prior  to  1893, 
and  then  only  by  chemical  analysis.  In  preparing  this  paper,  I  have 
had  in  my  hands  the  report  of  Chemist  John  T.  Wixford  to  Water  Com- 
missioner M.  L.  Holmau,  with  liberty  to  use  it ;  but,  with  the  exception 
of  a  few  figures  showing  grouped  results  and  a  general  statement  of  con- 
clusions, I  have  made  no  use  of  the  information  it  contains,  chiefly  be- 
cause I  am  persuaded  of  the  truth  of  the  statement  somewhat  fully  pre- 
sented in  the  report  by  Mr.  Wixford,  that  the  usual  lines  of  inquiry  in 
examinations  of  water  supply  are  of  little  or  no  value  when  applied  to 
Mississippi  water.  Such  studies  usually  take  note  of  color,  odor,  taste, 
turbidity,  solids  in  suspension  (and  their  composition).  They  involve 
the  determination  of  dissolved  gases,  and  special  determination  of  chlor- 
ine, organic  carbon  and  nitrogen,  ammonia  salts,  nitrites  and  nitrates, 
and  also  take  account  of  hardness. 
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The  color  of  unfiltered  Mississippi  water  varies  from  niudcly-brown 
to  whitish,  accordiug  to  the  character  of  the  suspended  matter.  Fil- 
tered, the  color  is  a  faiut  yellowish-green.  The  odor  is  inappreciable, 
and  the  taste  is  agreeable,  except  for  a  short  period  at  the  breaking  up 
of  winter,  at  which  time  the  color  is  dark  and  persistent.  The  origin 
of  this  color  and  taste  is  not  known  ;  but  it  is  not  probable  that  a  remedy 
or  preventive  lies  within  human  power.  The  turbidity  is  always  con- 
siderably greater  at  high  stages  than  at  low,  and  when  the  river  is  rising 
than  when  it  is  falling.  The  causes  are  uncontrollable.  The  solids  in 
suspension  are,  both  in  quantity  and  in  variation,  far  beyond  the  possi- 
bility of  discovering  the  influence  of  sewage  contamination,  and  their 
determination  would  have  no  value. 

The  dissolved  gases  are  constituents  of  the  atmosphere,  and  are 
harmless.  They  thus  indicate  no  recent  sewage  contamination.  It  is 
needful,  first,  to  know  the  normal  quantities,  as  it  is  only  the  excess  that 
is  to  be  taken  into  account.  This,  for  varying  conditions  and  tempera- 
tures, is  not  practicable. 

The  chlorine  test  is  valueless,  because  we  do  not,  and  cannot,  know 
the  normal  scale.  The  Massachusetts  State  Board  of  Health  has  pub- 
lished a  map  showing  the  iso-chlors  for  that  State,  which  vary  from  0.65 
part  of  chlorine  per  100,000  near  the  coast  to  less  than  0.10  part  in  the 
western  part  of  the  State.  If  an  iso-chloric  map  of  the  Mississippi  and 
Missouri  basins  were  made,  the  maximum  would  probably  surround  the 
Kansas  salt  fields ;  but  as  we  never  could  tell  what  proportion  of  the 
flow  at  any  time  came  from  a  particular  part  of  the  drainage  area,  we 
could  make  no  use  of  the  map. 

Organic  matter,  animal  or  vegetable,  is  mainly  composed  of  carbon, 
hydrogen,  nitrogen  and  oxygen  in  varying  proportions.  Animal  matter 
decomposes  more  rapidly  thau  vegetable  matter,  and  contains  more 
nitrogen.  By  decomposition,  these  elements  are  converted  into  carbonic 
acid,  water  and  nitrates.  The  changes  are  the  result  of  the  activity  of 
micro-organisms,  and  do  not  take  place  in  their  absence. 

Albuminoid  ammonia  represents  the  nitrogen  in  organic  matter 
which  has  not  begun  to  decompose.  In  itself,  it  does  not  indicate 
whether  it  comes  from  animal  or  vegetable  matter.  By  one  determina- 
tion, July  12,  1893,  there  was  present  1.799  part  in  1,000,000. 

Analyses  by  the  Massachusetts  Board  of  Health  give  5.302  parts 
in  1,000,000  as  the  average  yield  of  Lawrence  sewage.  Hence,  Missis- 
sippi water  at  mid-summer  stage  may  have  one-third  as  much  albumi- 
noid ammonia  as  average  sewage.  It  is  not  necessary  to  follow  out  Mr. 
AVixford's  computation  to  show  that  it  would  take  the  sewage  of  454 
cities  like  St.  Louis  to  account  for  this  proportion  of  albuminoid  am- 
monia. 
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Hence,  to  look  for  trace  or  proof  of  sewage  contamination  by  analy- 
sis, is  as  hopeless  as  the  search  for  a  needle  in  a  haystack. 

Not  to  follow  the  technical  report  further,  it  is  suggested  that  a 
study  of  our  water  supply  involves  the  development  of  a  broader  field 
of  investigation  than  has  yet  been  traversed,  and  one  which  can  scarcely 
be  covered  by  the  limited  resources  of  our  water  department. 


V.    Tlie  Filtration  of  City  AVatei*  Supplies  in  the  Light  of 
Recent  Reseavehes. 


By  Robert  Moore,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  May  2,  1894.] 

One  of  the  most  important  and  difficult  problems  with  which  the 
modern  city  is  confronted  is  how  to  obtain  an  adequate  supply  of  whole- 
some drinking  Avater. 

The  first  solution  in  point  of  time  is,in  the  great  majority  of  cases,  found 
in  surface  wells,  one  of  which  is  sunk  for  the  supply  of  each  house  or  small 
group  of  houses.  For  a  time  this  source  of  supply  is  satisfactory  both  as  to 
quantity  and  quality,  and  it  may  be  that  for  many  years  no  water  works 
beyond  the  town  pump  are  demanded  by  any  public  or  private  need. 
With  the  lapse  of  time  and  the  growth  of  population,  however,  the 
water  obtained  from  surface  wells  is  found  to  deteriorate  in  quality.  The 
cesspools  after  a  time  pollute  the  wells  and  under  favoring  conditions 
convert  them  into  breeders  of  disease.  The  favorite  home  of  typhoid 
fever,  the  world  over,  is  the  country  village.  But  as  a  rule  other  con- 
siderations of  less  intrinsic  importance  have  a  greater  influence  in  pro- 
ducing a  desire  for  something  better.  The  private  citizen  wants  to  have 
water  brought  into  his  dwelling,  and  an  ample  supply  of  water  under 
pressure  becomes  necessary  as  a  protection  against  fire. 

The  next  step,  therefore,  is  to  bring  the  water  of  the  nearest  lake  or 
river  into  the  town,  and  the  2:)rivate  well  is  supplanted  by  the  public 
water  pipe.  This  step  is  attended  not  only  with  an  enormous  gain  in 
security  from  fire  and  in  comfort  of  living,  but  also,  in  nearly  all  cases, 
with  a  marked  improvement  in  the  public  health.  Statistics  compiled 
by  the  Massachusetts  State  Board  of  Health  *  show  that  in  the  twenty 
years  from  1865  to  1885,  during  which  all  the  larger  towns  had  intro- 
duced public  water  supplies,  the  deaths  from  typhoid  fever  had  fallen 
from  a  rate  of  13.04  to  3.09  per  10,000,  a  decrease  of  70  per  cent. 

This  reduction  of  the  death-rate,  however,  is   not  universal,  and 

*  Twenty-second  Annual  Report,  p.  xxii. 
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even  iu  the  same  city  is  not  always  constant.  In  a  few  cities  having  a 
public  water  supply  we  find  the  typhoid  death-rate  to  be  increasing 
rather  than  decreasing.  Three  well-marked  instances  of  this  kind  are 
cited  by  the  Massachusetts  State  Board  of  Health  *  to  wit :  Holyoke, 
Lowell  and  Lawrence  ;  and  a  notable  instance  of  the  same  kind  is 
found  in  our  neighboring  city,  Chicago.  In  each  of  these  cities  careful 
investigation  has  shown  the  water  supply  to  be  unmistakably  polluted 
by  causes  which  can  be  positively  identified.  In  the  case  of  Chicago  the 
rise  in  the  typhoid  fever  rate  has  been  shown  by  Dr.  F.  W,  Reilly, 
Secretary  of  the  Illinois  State  Board  of  Health,  to  follow  the  freshets 
whereby  the  waters  of  the  open  sewer  known  as  the  Chicago  River  have 
been  carried  into  the  lake  and  thence  into  the  city  water  pipes;  whilst 
periods  of  long-continued  dry  weather,  during  which  the  Bridgeport 
pumps  are  able  to  reverse  the  natural  flow  of  the  river,  are  followed  by 
corresponding  depressions  in  the  fever  curve. 

These  cases,  however,  are  only  illustrations  of  what  is  likely  to  happen 
hereafter  to  many  other  cities.  The  increasing  density  of  population  in 
the  territory  draining  into  our  lakes  and  rivers  is  certain  to  cause 
pollution,  and  in  the  cities  dependent  upon  them  as  sources  of  water 
supply,  the  public  water  pipes  are  sure  in  time  to  become  carriers  of 
disease.  How  to  ward  off  this  new  danger  is  a  problem  which  has  for 
a  long  time  troubled  many  cities  in  the  old  world  and  which  is  beginning 
now  to  trouble  not  a  few  cities  in  the  new  world. 

The  first  and  most  natural  suggestion  by  way  of  remedy  is  to  change 
the  source  of  supply,  sub,stituting  a  new  one  that  shall  be  free  from  danger. 
This  was  done  by  (jrlasgow,  which,  prior  to  1859,  took  its  water  from  the 
Clyde,  but  which  since  then  has  taken  it  from  Loch  Katrine,  thirty-four 
miles  distant  in  the  Highlands.  As  a  result,  the  city  has  shown  itself,  in 
every  epidemic  of  cholera  since  then,  to  be  cholera  proof,  although  it  had 
always  before  been  one  of  the  most  vulnerable.  This  is  also  being  now 
done  by  the  city  of  Manchester,  which  is  building  works  to  take  its  water 
from  Thirlmere,  more  than  eighty  miles  distant  in  the  Lake  District. 

Such  a  change  of  sources  evidently  affords  a  complete  solution  ot 
the  problem,  and  not  a  few  have  maintained  that  it  is  the  only  solution. 
For  example,  >\[r.  Chas.  Watson  Folkard,  Associate  of  the  Royal  School 
of  Mines  of  England,  in  a  paper  read  January,  1882,  before  the  Institu- 
tion of  Civil  Engineers,  after  a  discussion  of  the  various  methods  of 
water  analysis,  uses  this  language:  t 

"The  conclusion  that  once-contaminated  water  never  purifies  itself 
sufficiently  f  )r   dietetic  purposes  becomes  inevitable  ;  and,  as  chemical 


*  Twenty-second  Annual  Report,  for  1890,  p.  525  and  following. 
t  Proceedings,  Inslilulion  of  Civil  Engineers,  Vol.  68,  p.  66. 
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analysis  fails  to  give  reliable  evidence  as  to  its  fitness  or  the  reverse,  the 
author  believes  that  the  only  safe  test  of  the  wholesomeness  of  a  given 
water  is  by  tracing  it  to  its  source  and  ascertaining  that  no  objectionable 
impurities  gain  access  to  it.  This  will  at  once  condemn  all  rivers  flow- 
ing through  a  populous  country  ;  and,  if  it  be  considered  that  a  river  is  the 
natural  drain  of  a  district  into  which  everything  soluble  or  suspeusible 
finds  its  way,  it  will  not  be  a  matter  of  wonder  that  this  should  be  the 
case.  No  Conservancy  Board  can  keep  pollution  out  of  a  river  ;  it  must 
receive  all  the  rain  falling  within  its  watershed  (excepting,  of  course, 
that  which  is  evaporated)  together  with  the  overflowings  of  cesspools 
and  the  sewage  of  towns  within  the  same  area.  It  is  part  of  the  great 
circulatory  system  of  the  earth,  Avhich  it  is  vain  for  man  to  attempt  to 
control.  This  being  so,  it  is  evident  that  rivers,  except  near  their  source, 
can  only  afford  polluted  water,  and  a  problem  utterly  insoluble  by  man 
is  presented,  viz.,  the  purification  of  foul  water  on  a  large  scale." 

In  the  discussion  which  followed,  in  which  a  number  of  very  able 
men,  including  Prof.  John  Tyndall,  took  part,  the  preponderance  of 
opinion  was  in  full  agreement  with  the  author.  That  drinking  Avater 
for  individuals  and  for  communities  should  be  taken  only  from  sources 
that  were  not  "  contaminated  nor  contaminable  "  was  the  judgment  of 
nearly  all. 

But,  unfortunately,  for  the  great  majority  of  towns  such  sources  as 
these  are  inaccessible.  For  most  of  them  there  is  practically  no  choice. 
St.  Louis,  for  example,  unless  she  would  do  worse,  must  draw  her  water- 
supply  from  the  Mississippi  or  the  Missouri ;  Louisville  and  Cincinnati, 
from  the  Ohio  ;  and  Chicago,  from  Lake  Michigan.  Each  must  take 
what  there  is  at  hand  and  make  the  best  of  it.  The  real  problem,  then, 
for  many  cities  now,  and  for  nearly  all  cities  at  sometime  hereafter, 
is  how  to  render  wholesome  a  water  supply  that  has  been  contaminated. 

The  earliest  device  for  obtaining  a  pure  supply  from  a  river  whose 
water  is  for  any  reason  objectionable,  is  to  take  the  water,  not  from  the 
river  directly,  but  from  wells  sunk  in  the  sand  near  by.  By  this  method, 
which  is  sometimes  called  "natural  filtz'ation,"  a  water  free  from  sediment 
or  visible  impurity,  is  obtained,  and  if  the  quantity  required  be  not  large 
the  result  may  be  entirely  satisfactory.  In  the  greater  number  of  cases, 
however,  this  method  is  not  attended  with  success.  Most  often  there  is 
a  deficiency  in  quantity,  and  not  infrequently  the  quality  also  is  at  fault. 
As  is  well  known,  the  water  obtained  from  wells  alongside  the  Mississippi 
River  near  St.  Louis  is  much  harder  than  the  river  water,  and  is  usually 
unfit  for  use  in  steam  boilers.  At  the  water  works  near  Lake  Tegel,  one 
of  the  works  for  the  supply  of  Berlin,  the  water  was  at  first  taken  from 
wells  alongside  the  lake.  But  experience  showed  it  to  be  so  rich  in  iron 
and  so  favorable  to  the  development   of  objectionable  vegetable  growths 
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that  the  water  was  rendered  useless.     The  wells  were  therefore  abandoned' 
and  the  water  is  now  taken  directly  from  the  lake. 

The  next  device  in  the  order  of  time  was  the  artificial  sand  filter^ 
first  constructed  by  INIr.  Jas.  Simpson,  Engineer,  for  the  Chelsea  water 
works  of  London  in  1839.  This  consists  essentially  of  a  shallow  reser- 
voir with  a  collecting  drain  through  the  center  and  with  lateral  drains 
of  porous  tiles  or  bricks,  without  mortar,  leading  into  the  central  drain. 
On  top  of  this  system  of  drains  are  laid  from  three  to  four  feet  of 
gravel  and  sand  increasing  in  fineness  to  the  top.  Through  this  sand 
bed  the  water  is  allowed  to  percolate  slowly  into  the  collecting  drains,, 
whence  it  is  led  off  to  the  pumps  for  distribution. 

This  simple  device  was  from  the  first  so  effective  in  removing  sedi- 
ment and  improving  the  appearance  of  the  water  that  in  1852  its  use 
was  by  law  made  obligatory  upon  all  the  London  water  companies  ex- 
cept for  w'ater  from  deep  or  artesian  wells,  and  it  has  ever  since  been  in 
continuous  and  successful  operation.  The  example  of  London  was  soon 
followed  by  other  cities,  both  in  England  and  on  the  Continent,  so  that 
when  Mr.  Kirkwood  visited  Europe  in  1866  on  behalf  of  the  Board  of 
Water  Commissioners  of  the  City  of  St.  Louis,  he  found  filtration 
plants  in  operation  in  Berlin,  Altona,  Nantes,  and  Marseilles,  as  well  as 
in  Leicester,  York,  Liverpool,  Edinburgh  and  Dublin. 

So  long  as  the  pollution  of  water  was  regarded  as  due  solely  to 
particles  of  dead  organic  or  inorganic  matter  in  suspension,  this  method 
of  purification  left  nothing  to  be  desired.  By  its  use,  turbid  waters 
were  rendered  clear  and,  so  far  as  the  eye  could  judge,  pure.  But  when, 
in  the  progress  of  scientific  investigation,  it  became  evident  that  the 
harm  of  polluted  water  lay,  not  in  dead  matter  at  all,  but  in  living 
organisms  invisible  to  the  naked  eye,  and  that  the  clearest  and  most 
sparkling  water  was  sometimes  the  most  deadly,  a  strong  revulsion  of 
opinion  took  place,  and  the  benefits  of  filtration  came  to  be  generally 
regarded  as  delusive.  This  sentiment  is  well  voiced  in  the  paper  of 
Mr.  Folkard  and  the  discussion  thereon,  already  referred  to. 

"  Filtration,"  says  he,  "  is  another  remedy  put  forward  as  infallible 
by  those  who  have  not  grasped  the  subject.  How  can  filtration  affect 
substances  dissolved  in  water?  And,  as  far  as  the  minute  organisms 
found  in  putrescent  bodies  are  concerned,  they  could  pass  a  hundred 
or  a  thousand  abreast  through  the  interstitial  spaces  of  ordinary  sand 
as  used  for  this  })urpose."  ^ 

And  Mr.  Homersham  declares  that  in  some  respects  and  at  some 
seasons  filtration  really  injures  the  water  by  the  collection  of  a  layer  of 

*  Proceedings,  Institution  of  Civil  Engineers,  Vol.  68,  p.  68. 


THE  ST.  LOUIS  WATER  WORKS.  45 

•organic  matter  on  top  of  the  sand  which  furnishes  "  pabulum  for  the 
insects  "  as  he  terms  them.  * 

This,  added  to  the  difficulty  of  finding  and  recognizing  the  morbific 
germs — a  difficulty  so  great  that,  as  Dr.  Tidy  expressed  it,  "  one  could 
no  more  analyze  a  water  for  a  germ  of  typhoid  than  one  could  analyze 
a  brain  for  an  idea" — left  the  matter  in  a  quite  hopeless  condition 
which  seemed  to  justify  the  opinion  of  Mr.  Folkard  already  quoted, 
that  the  purification  of  foul  water  on  a  large  scale  was  "  a  problem 
utterly  insoluble  by  man  "  and  that  there  was  no  defense  against  im- 
pure water  except  boiling  or  distillation.  This,  however,  is  a  defense 
which  is  almost  impossible  of  application  on  a  large  scale  and,  as  those 
who  have  tried  it  in  their  own  households  know,  very  difficult  of  appli- 
cation even  on  a  small  scale. 

Now,  as  it  happened,  in  the  very  year  in  which  this  paper  was 
read,  1882,  Dr.  Robert  Koch  of  Berlin  gave  to  the  publicf  his  then  newly 
discovered  gelatine-plate  process,  which  made  it  possible  to  fix,  culti- 
vate and  even  count  the  micro-organisms  in  any  sample  of  water.  This 
at  once  put  the  biological  analysis  of  water,  which  Dr.  Tidy  had  just 
declared  to  be  an  impossibility,  upon  the  footing  of  an  exact  science, 
and  students  were  not  wanting  to  apply  the  new  method  to  the  investi- 
gation of  the  phenomena  of  the  filtration  of  water  through  sand. 

Among  the  earliest  in  this  new  field  of  inquiry  was  Percy  Fara- 
day Frankland,  Professor  of  Chemistry  in  University  College,  Dundee, 
and  son  of  Dr.  Edward  Frankland,  official  water  analyst  for  the 
Registrar  General  and  for  the  Local  Government  Board  of  England. 
Prof.  Frankland  began  at  once  to  study,  by  the  aid  of  the  gelatine- 
plate  process,  the  various  methods  of  water  purification,  and  in  particu- 
lar to  ascertain,  by  a  series  of  observations  running  through  several 
years,  the  results  actually  attained  by  the  filters  of  the  London  water 
companies.  The  facts  thus  found  are  set  forth  in  a  paper  read  by  him 
before  the  Institution  of  Civil  Engineers  in  April,  1886,  and  in  two 
papers  submitted  to  the  Royal  Commission  on  Metropolitan  Water 
Supply  and  published  with  other  documents  accompanying  their  report 
of  September  8,  1893.     In  brief,  his  findings  are  these : 

(1)  That  the  chemical  changes  effected  in  the  water  by  the  filters  of 
the  London  companies,  summarized  in  the  following  table,  are  so  small 
as  to  be  quite  insignificant. 


*  Proceedings,  Institution  of  Civil  Engineers,  Vol.  6S,  p.  70. 
t  Mittheilungen,  Kaiserliches  Gesundlieitsaint,  1882. 
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Table  SnowiNG  the  Chemical,  Results  op  the   Filtration  of  Thames 

Water  by  the  London  Wate_r  Companies,  Expressed  in 

Parts  per  lOO.OCO. 


Total  solid  matter 

Oiganic  carbon    ...... 

Organic  nitrogen 

Ammonia 

Nitrogen  as  nitrates  and  nitrites 
Total  combined  nitrogen   .    .    . 
Chlorine 

(  Temporary     -    ■    . 
Hardness   ;  Permanent      .    .    . 

(Total 


Before 

After 

Filtration. 

Filtration. 

28.40 

26.20 

.123 

.119 

.025 

.022 

0 

0 

.077 

.089 

.102 

.111 

1.6 

1.6 

11.5 

10.9 

7.1 

7.1 

18.6 

18.0 

(2)  That  the  filters  have  a  most  remarkable  efficiency  in  removing 
micro-organisms  from  the  water.  The  record  of  three  years'  working  of 
the  filters  is  given  in  the  following  table,  which  shows  that  on  an 
average,  out  of  every  100  micro-organisms  in  the  untreated  river  water, 
the  numbers  stated  in  the  table  were  removed  by  the  water  companies 
before  distribution. 


Water  from  tlu; 

1883 

1887 

1888 

Thames 

Lea— East  London  Co.    .    .    . 

Organisms. 

97.6 
96.5 

Organisms. 

96.7 
95.3 

O.'ganisms. 

98.4 
95.3 

From  a  later  series  of  observations  made  in  1892,  Prof.  Frankland 
finds  the  average  number  of  bacteria  per  cubic  centimeter  in  the  filtered 
waters  to  be  only  29,  or  a  trifle  more  than  i  of  one  per  cent,  of  the 
average  number  in  the  Thames  water — 20,000.  And,  as  the  numbers 
in  the  filtered  water  seem  to  bear  no  relation  to  those  in  the  unfiltei'ed 
water  from  day  to  day,  he  considers  it  certain  that  of  those  found  in 
the  filtered  water  nearly  all  are  attributable  to  post-filtration  sources. 
In  other  words,  the  efficiency  of  the  filters  in  the  removal  of  bacteria 
is  practically  100  per  cent. 

(3)  That  this  extraordinary  biological  efficiency  of  the  filters  depends 
upon  the  formation  of  a  superficial  gelatinous  deposit  or  meiubrane 
upon  the  top  of  the  sand,  which  membrane  acts  as  an  almost  impervious 
obstacle  to  the  passage  of  micro-organisms,  and  that  it  is  of  the  greatest 
importance  that  this  membranous  film  should  not  be  ruptured  by  the 
application  of  excessive  or  irregular  pressures  in  the  filtration. 
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It  thus  appears  that  Mr.  Folkard's  army  of  microbes  marching 
"a  hundred  or  a  thousand  abreast  through  the  interstitial  spaces"  has 
somehow  been  put  to  rout,  and  that  the  cause  of  their  discomfiture  is 
found  in  the  superficial  layer  of  organic  matter  which,  according  to  Mr. 
Homersham,  should  furnish  them  with  pabulum — all  of  Avhich  illustrates 
anew  the  extreme  danger  of  a  priori  reasoning  in  matters  of  physical 
science. 
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Numbers  op  Bacteria  in  Filtered  and  in  Unfiltered  Water  at 
Zurich,  Switzerland,  1887 — 1890. 


In  each  of  the  four  diagrams  the  upper  and  lower  curves  show  respectively  the 
conditions  obtaining  before  and  after  filtration. 
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Other  observations  of  the  same  character,  running  in  each  case 
through  a  series  of  years  and  all  pointing  to  precisely  the  same  conclu- 
sions, have  been  made  by  the  Massachusetts  State  Board  of  Health  at 
Lawrence  upon  a  number  of  experimental  filters,  and  by  the  authorities 
of  Berlin  and  Zurich  upon  the  filters  used  for  the  city  water  supply. 

The  Lawrence  experiments  show  that  when  filtering  at  a  rate  of 
from  two  to  three  million  gallons  per  acre  per  day,  which  gives  a  velocity 
of  6  to  9  feet  in  twenty-four  hours,  99i  per  cent,  of  the  bacteria  in  the 
applied  water  can  be  removed  by  filtration.  At  slower  rates  practically 
all  can  be  removed.  At  Zurich,  where  the  ordinary  velocity  of  filtra- 
tion is  25  feet  in  twenty-four  hours,  or  more  than  double  the  Loudon 
rate,  the  average  number  of  bacteria  per  cubic  centimeter  in  the  water 
after  filtration  is  20.  As,  however,  the  number  in  the  water  before 
filtration  is  unusually  low — about  200 — the  percentage  of  removal  is 
only  90,  or  much  less  than  in  either  of  the  other  cases. 

Fig.  1,  showing  the  results  of  the  working  of  these  filters  during 
four  years  from  1887  to  1890  inclusive,  is  interesting  as  showing  the 
tendency  of  the  number  of  micro-organisms  in  the  filtered  water  to 
remain  constant  without  regard  to  the  fluctuations  in  the  number  in  the 
water  before  filtration,  a  fact  already  noted  in  the  London  and  in  the 
Lawrence  experiments,  and  strongly  suggestive  of  the  conclusion  that 
the  bacteria  in  the  ettiuent  are  due  to  the  drains  of  the  filter  itself  and 
not  to  the  applied  water. 

But  the  benefits  of  filtration  are  seen  more  clearly  in  the  mortuary 
records  than  in  the  records  of  the  laboratory.  At  Zurich,  for  example, 
the  typhoid  mortality  in  1880,  before  the  construction  of  the  present 
filters,  was  4  per  1,000  of  the  population.  Since  then  it  has  dropped  to 
0.4  per  1,000,  a  decrease  of  90  per  cent.  The  effects  of  filtration  in 
London  are  show^i  in  Fig.  2,  taken  from  a  paper  read  before  the 
American  Statistical  Association  in  January,  1892,  by  Prof.  Sedgwick 
and  Mr.  Allen  Hazen,  which  shows  the  typhoid  mortality  in  London 
since  1870  as  compared  with  that  of  several  American  cities.  It  is 
reproduced  here  with  the  addition  of  the  typhoid  curve  for  St.  Louis 
since  1867.  From  this  it  will  be  seen  that  notwithstanding  the  fact 
that  London  draws  its  water  supply  from  two  small  rivers  draining  a 
territory  densely  populated,  it  has  had  for  more  than  twenty  years  a 
typhoid  rate  continuously  lower  than  that  of  any  large  American  city. 

Even  more  significant  is  the  report  of  Dr.  William  Farr, 
Registrar  General,  upon  the  experience  of  London  with  cholera 
in  1866*,  in  which  he  points  out  that  the  field  of  greatest  fatality 
was    almost   coincident   in    its    boundaries     with    a   section   of    East 


*  See  Report  of  Registrar  General,  .July  25,  1868,  pp.  xv  and  following. 
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London,  which,  for  a  time  just 
then,  was  supplied  with  un- 
filtered  water — a  fact  to  which 
he  attributes  the  deaths  of 
nearly  4,000  persons.  Of  like 
purport  is  the  now  familiar 
story  of  Hamburg,  =^  which 
upon  the  advent  of  cholera  in 
1892, and  in  spite  of  the  warn- 
ing given  a  few  years  before, 
by  an  epidemic  of  typhoid,  was 
found  still  drinking  the  uufil- 
tered  water  of  the  Elbe.  Asa 
result,  nearly  8,000  persons 
lost  their  lives  from  cholera  in 
eight  weeks,  whereas  the  ad- 
joining city  of  Altona,  which 
drank  from  the  same  stream 
after  it  had  received  the  sew- 
age of  Hamburg,  but  not  until 
the  water  had  been  filtered, 
was,  except  for  certain  im- 
ported cases,  almost  wholly 
exempt  from  it. 

Indeed,  no  fact  in  sanitary 
science  is  now  more  firmly 
established  than  that  properly 
conducted  sand  filtration  is 
an  almost  perfect  defense 
against  the  dangers  of  polluted 
water. 

Of  the  immense  and  ever 
growing  importance  of  this 
fact  to  all  cities  dependent 
upon  rivers  for  their  water 
supply,  not  a  word  need  be 
said.  But  certainly  the  name 
of  James  Simpson,  the  En- 
gineer who,  building  "  better 
than  he  knew,"  constructed, 
more  than  fifty  years  ago,  the 
first  filtration  plant,  and  whose 

*  Proceedings,  Institution  of 
Civil  Engineers,  Vol.  88,  p.  507 
and  Vol.  114,  p.  425. 
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work  has  already  saved  so  many  thousands  of  lives,  shouhi  be  held  in 
grateful  remembrance  as  that  of  one  of  the  benefactors  of  mankind. 

The  bearing  of  all  this  upon  our  own  city  is  self-evident;  but  a  few 
words,  by  way  of  reminder  of  some  of  the  special  features  of  our  own 
case,  will  perhaps  be  pardoned.  As  is  well  known,  in  the  plans  for  new 
water  works  for  St.  Louis,  made  in  1865  by  Mr,  James  P.  Kirkwood,  was 
included  a  recomnieudation  of  filtration.  In  1866  Mr,  Kirkwood  went 
to  Europe  on  behalf  of  the  Board  of  Water  Commissioners,  to  make  a 
detailed  study  of  the  subject ;  and,  in  his  report,  a  copy  of  which  is  in 
the  library  of  the  Club,  is  found  a  plan  for  filtration  works  at  St.  Louis. 
Almost  the  sole  object  in  view  at  that  time  was  the  clarification  of  the 
water  by  the  remov^al  of  the  sediment  which  was  then,  as  it  is  now,  a 
cause  of  reproach  to  us  by  the  outside  world  and  a  source  of  serious 
offense  even  to  the  citizens  native  born.     With  the  lapse  of  time,  during 
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Fig.  3.     Effect   of  Typhoid   Fever  (in    Percentage    of   Total   Number 
OF  Deaths)  in  St.  Louis,  from  1867  to  1893. 


which  we  have  made  so  much  progress  in  other  directions,  this  reason  for 
filtration  has  certainly  not  lost  anything  of  its  force. 

But  a  more  cogent  reason  is  found  in  the  diagram  of  relative  mor- 
tality given  in  Fig.  2,  on  which  the  typhoid  rate  for  St.  Louis  from  1870 
to  1892  inclusive  (2  2  per  cent,  of  the  total  mortality)  is  seen  to  be  more 
than  double  that  of  Loudon  (/jy  of  one  per  cent.)  for  the  same  period. 
To  make  more  evident  the  special  characteristics  of  the  St,  Louis  curve 
it  is  shown  separately  in  Fig.  3.  On  this  you  will  note  especially  the 
very  high  rate  from  1867  to  1871,  the  drop  in  1872  and  the  continuously 
lower  rate  from  that  year  on  until  1891,  the  sharp  rise  in  1892  to  4  -^W 
per  cent.,  and  the  e(|ually  marked  decline  to  2  per  cent,  in  1893,  Worthy 
of  consideration  also  are  the  coincident  facts  that  1872  was  the  first  year 
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after  the  removal  of  the  water  works  intake  from  the  foot  of  Bates 
Street,  where  the  water  was  mingled  with  the  sewage  of  Rocky  Branch 
and  Gingrass  Creek,  to  Bissell's  Point,  where  the  water  was  then  com- 
paratively pure,  and  that  in  1893  the  pumps,  whereby  the  sewage  of 
Harlem  Creek  is  now  discharged  into  the  river  below  the  water  works, 
were  first  put  into  operation — facts  which  in  both  cases  suggest  a  possible, 
not  to  say  probable,  relation  of  cause  and  effect. 

But  be  this  as  it  may,  it  is  certain  that  our  water  supply  is  at  times 
subject  to  serious  infection,  which,  as  time  passes,  is  sure  to  be  largely 
increased,  and  equally  certain  that  by  means  of  proper  filtration 
works,  coupled  with  the  closing  of  all  wells,  our  typhoid  rate  can  be  re. 
duced  to  or  below  that  of  London.  With  our  present  population  this 
means  the  saving  of  1,800  cases  and  160  lives  each  year.  And  all  this 
can  be  brought  about  at  a  first  cost  not  exceeding  two  millions  of  dollars 
and  an  annual  cost,  including  interest,  of  not  more  than  one  hundred  and 
fifty  thousand  dollars — sums  which  are  trifling  when  compared  with  the 
benefits  which  their  expenditure  will  insure. 
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TESTS   OF  NOX-CONDI  CTING  PIPE-COVERI?^GS. 

By  John  A.  Laird,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Read  October  3,  1894.*] 

This  paper  is  a  report  of  tests  made  at  the  St.  Louis  Water  Works 
for  the  purpose  of  selecting  the  most  suitable  covering  for  pipes,  boiler- 
shells,  etc.,  in  the  new  pumping  station  at  the  Chain  of  Rocks.  The 
specifications  for  the  engine  and  boiler  work  called  for  a  covering  satis- 
factory to  the  Water  Commissioner.  Not  having  any  data  at  hand 
which  seemed  to  be  perfectly  satisfactory,  we  concluded  to  give  the 
different  coverings  a  comparative  test  under  conditions  as  nearly  uniform 
as  possible.  For  this  purpose  there  were  purchased  asbestos  sponge 
moulded  sectional  covering,  asbestos  fire  felt  sectional  covering  and 
magnesia  sectional  covering,  all  for  1-inch  pipe.  Also,  asbestos  sponge 
cement  felting,  asbestos  cement  felting,  plastic  magnesia  and  fossil  meal. 
Tests  were  also  made  on  plaster  of  Paris  and  sawdust,  moulded  into 
covering  for  1-inch  pipe. 

The  different  coverings  were  subjected  to  chemical  examination  by 
Mr.  Wixford,  chemist  of  the  water  works,  with  the  following  results: 

Asbestos  Sponge,  Moulded. 

Plaster  of  Paris    .    , 95.8 

FibrouH  asbestos 4.2 

Asbestos  Fire  Felt. 

Asbestos 82 

Carbonaceous  matter  not  determined ...  18 

Magnesia  (Sectional). 

Magnesia 922 

Fibrous  asbestos 7.8 

Magnesia  (Plastic). 

Magnesium  carbonate 93 

Fibrous  asbestos 7 

Asbestos  Cement  Felting. 

(Probably)  Powdered  limestone 64.5 

Plaster  of  Paris 3.5 

Asbestos 32 

Asbestos  Sponge  Cement  Felting. 

(Probably)  Powdered  limestone 59 

Plaster  of  Paris 10 

Asbestos 31 

Fossil  Meal. 

Insoluble  silicate 80 

Carbonaceous  matter,  hair,  paper,  sawdust,  etc 12 

Soluble  mineral  matter 8 


*  Manuscript  received  December  10,  1894. — Secretary,  Ass'n  of  Eng.  Socs. 
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The  chemical  analyses  were  approximate  and  were  intended  only 
to  give  some  practical  idea  as  to  the  composition  of  the  diflferent 
coverings. 

The  tests  were  only  comparative,  and  the  apparatus  consisted  of 


Fig  1.     Apparatus  For  Testing  Pipe-Coverings. 

two  1-inch  pipes  about  24  inches  apart,  connected  at  one  end  and  set  at 
a  slight  incline.     Fig.  1  gives  a  general  idea  of  the  connections. 

The  pipe  was  first  put  together  and  tested.     All  connections,  valves 
and  fittings  were  then  covered  with  1  inch  of  plastic  magnesia.     When 
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this  was  dry  it  was  covered  with  1  inch  of  hair  felt,  bound  on  with 
twine.  There  were  left  bare  on  each  line  10  feet  of  1-inch  pipe,  to 
which  the  coverings  to  be  tested  were  applied.  All  the  coverings  tested 
were  1  inch  thick. 

Before  beginning  a  test,  steam  was  allowed  to  blow  through  the 
pipes  for  some  time.  Two  independent  methods  of  comparing  the 
insulating  properties  were  used.  First,  by  measuring  the  water  con- 
densed in  a  given  time  ;  second,  by  closing  valves  at  A — A  and  noting 
the  reduction  of  pressure  on  the  gauge  B  at  intervals  of  one  minute. 

On  all  condensation  tests  the  gauge  pressure  was  held  at  25  pounds. 
The  water  was  drawn  off  every  fifteen  minutes  and  was  measured  in 
cubic  centimeters.  Each  test  was  continued  for  four  hours.  The  mean 
results  are  tabulated  below. 

Condensation  Tests. 


Name  of  Covering. 


C.  C.  Condensed 
Per  Hour. 


Magnesia  (plastic) '               .334. 

Magnesia  (sectional) 335  3 

Asbestos  fire  felt :               367.5 

Asbestos  sponge  moulded 371.3 

Fossil  meal 376.2 

Plaster  of  Paris  and  sawdust 438. 

Asbestos  fire  felt  cement 563.7 

Asbestos  sponge  cement 604. 

Bare  pipe 1085. 


On  all  pressure  tests  the  gauge  pressure  was  made  25  pounds  at  the 
beginning.  Four  tests  were  made  of  each  covering,  and  the  mean  results 
are  plotted  in  Fig.  2. 

Both  methods  show  that  the  magnesia  plastic  and  sectional  coverings 
possess  the  best  insulating  powers.  Compared  with  the  asbestos  fire  felt 
and  sponge  moulded,  the  difference  is  3j  grams  per  foot  of  1-inch  pipe 
per  hour.  There  will  be  the  equivalent  of  6,000  feet  of  1-inch  pipe  in 
engine  and  boiler  houses  at  Chain  of  Rocks. 

6,000  X  3^  =  21,000. 

21,000  X  24  X  2i 


1,000 
1,134  _ 


1,134  pounds  of  water  per  day. 


189  j^ounds  of  coal  per  day. 

=  $47.20.     Saved  per  year  by  using  magnesia 


6 
189  X  365  X  $.0547 


80 
instead  of  asbestos. 

A  question  which  naturally  arises,  in  a  comparison  like  the  above, 
is  that  as  to  the  durability  of  the  coverings,  and  I  will  say  that  the 
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magnesia  sectional  covering,  which  has  been  on  pipe  at  Bissell's  Point 
for  four  years,  shows  no  signs  of  deterioration ;  also  that  the  asbestos 
sponge  moulded  covering,  which  has  been  on  pipes  at  Harlem  Creek  for 
less  than  two  years,  is  becoming  soft  and  the  plaster  of  Paris  seems  to 
be  reduced  back  to  the  original  powder,  with  nothing  but  the  fibrous 
asbestos  to  hold  it  together.  Another  question  is  that  of  steam  pressure. 
The  experiments  were  made  at  the  High  Service  Station,  No.  2,  and  it 
was  found  convenient  to  have  all  tests  made  at  25  pounds  gauge 
pressure.  As  the  working  pressure  at  Chain  of  Rocks  will  be  at  least 
125  pounds,  the  relative  efficiency  of  insulation  will  be  slightly  changed, 
but,  in  the  writer's  opinion,  not  enough  to  change  the  conclusions  here 
arrived  at.  After  giving  the  matter  considerable  attention  and  thought, 
he  has  no  hesitation  in  recommending  the  magnesia  covering,  sectional 
and  plastic,  as  the  best  insulation  in  the  market. 
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THE   ST.    I^OUI^  EXTEIS^SION   OF  THE   ST.    EOT  TS, 
KEOKUK  AND  NORTIIWESTERIN^  RAILROAD. 


Address 

By  B.  L.  Crosby,  Retiring  President  of  the  Engineers'  Club  of  St.  Louis. 


[Read  December  19,  1894.] 

The  St.  Louis  Extension  of  the  St.  Louis,  Keokuk  and  Northwest- 
ern Railroad  leaves  the  old  line  of  the  road  at  a  point,  0,  Fig.  1,  in  St. 
Charles  County,  about  two  thousand  feet  south  of  the  crossing  of  the 
Cuivre  River.  From  this  point  it  runs,  for  about  thirty  miles,  in  an 
easterly  direction,  down  the  long  stretch  of  bottom-land  between  the 
Mississippi  and  Missouri  Rivers,  locally  known  as  "  Missouri  Point." 
It  then  turns  to  the  south,  and  crosses  the  Missouri  River  at  a  point 
about  eight  miles  above  its  mouth.  From  the  Missouri  River  it  runs 
in  a  southerly  direction,  through  the  bluffs  and  uplands  of  St.  Louis 
County,  striking  the  city  limits  of  St.  Louis  at  a  point  about  half  a 
raileeast  of  the  Bellefontaine  Road,  and  thence  down  through  the 
Mississippi  bottom,  and  along  the  river  front  to  a  southern  terminus  at 
Franklin  Avenue,  a  distance  of  about  forty-eight  and  one-half  miles. 

The  construction  of  this  extension  has  been  carried  through  under 
the  direction  of  Mr.  George  S.  Morison,  of  Chicago,  as  Chief  Engineer* 
and  the  writer,  as  Resident  Engineer,  has  had  charge  of  the  location 
of  the  whole  line  and  of  all  the  construction,  except  the  line  through 
Missouri  Point.  During  the  time  that  the  foundations  of  the  bridge 
across  the  Missouri  River  were  being  put  in,  he  was  relieved  of  the 
charge  of  the  work  in  St.  Louis  City  and  County. 

The  line  was  located  with  maximum  gradesof  26.4  feet  to  the  miles 
and  a  maximum  curvature  of  3°,  so  that  the  full  trains  hauled  over  the 
old  line  can  be  brought  through  to  St.  Louis  without  doubling  and  with- 
out increase  of  motive  power,  whereas,  during  the  time  that  the  St.  Louis> 
Keokuk  and  Northwestern  Railroad  ran  into  St.  Louis  over  the  Wabash 
Railroad,  a  full  train  hauled  to  St.  Peter's  made  two  full  trains  from  St. 
Peter's  to  St.  Louis,  over  the  Wabash.  This  location,  of  course,  in- 
volved some  pretty  heavy  work  in  the  broken  ground  of  St.  Louis 
County,  but  the  extra  cost  will  be  far  more  than  balanced  by  the 
reduced  cost  of  operation. 

The  line  down  through  the  bottom-lands  on  Missouri  Point  involved 
very  little  work  of  special  interest,  being  of  the  usual  type  of  flat  prairie 
work,  almost  entirely  on  embankment,  raised  above  the  level  of  any 
high  water,  of  which  there  is  any  record.     For  about  twenty-four  mile, 
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from  where  it  leaves  the  old  Hue,  the  road  was  built  as  single  track,  but 
the  balance  of  the  line  to  St.  Louis  is  double  track. 

Two  small  streams,  Peruque  and  Dardenne  Creeks,  are  crossed,  and 
the  bridges  over  these  creeks  have  one  novel  feature,  which  may  be  of 
interest.  The  bridges  are  alike,  and  consist,  each,  of  an  80-foot  deck- 
plate  girder,  the  substructure  being  of  piles  driven  within  cylinders. 
The  cylinders  are  filled  with  concrete  around  and  over  the  piles,  and 
cast-iron  caps  on  the  cylinders  form  the  seats  for  the  girders.  The  novel 
feature  is,  that,  in  order  to  keep  the  slopes  of  the  banks  away  from  the 
cylinders,  the  girders  are  continuous  over  the  piers,  extending  back  of 
them,  10  feet  at  each  end,  making  a  cantilever  arm  to  carry  the  ends  of 
the  stringers  extending  to  the  bank.  This  makes  the  length  of  the 
girders  actually  101  feet,  over  all. 


Fig.  2.     Cantilever  Plate-Girder  Bridge  Over  Peruque  Creek. 


This  portion  of  the  line  has  been  ballasted  with  a  light,  sandy 
gravel,  but  it  is  intended  to  ballast  this  track  with  burnt  clay  next 
spring,  and  this  ballast  is  now  being  burned  at  a  point  on  the  line. 

The  line  through  St.  Louis  County  has  a  good  deal  of  heavy  work, 
the  heaviest  cuts  reaching  fifty  feet  in  depth. 

With  two  exceptions,  all  of  the  county  roads  are  carried  over  or 
under  the  tracks,  the  overhead  bridges  generally  consisting  of  timber- 
bents  on  each  side  of  track,  with  roadway  stringers  of  6  inches  x  16 
inches,  spaced  thirty  inches  centers,  and  floored  with  4-iuch  hard  pine; 
but  at  tlie  Bellefi)ntaine  Road  crossing,  on  account  of  the  angle  at  which 
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the  road  was  crossed,  the  span  was  so  long  that  latticed  iron  girders  were 
used,  with  6-iuch  x  12-inch  timbers  for  floor  beams,  floored  with  4-inch 
hard  pine.  Two  of  the  roads  are  crossed  by  the  tracks  overhead,  on 
through  plate-girder  bridges  of  41  feet  span.  The  abutments  for  these 
bridges  are  built  of  hard-burned  brick,  laid  in  Portland  cement,  with  a 
coping  of  Romona  oolitic  limestone,  and  the  foundation  is  of  piles  and 
concrete. 

The  culverts  on  the  line  are,  with  two  exceptions,  of  cast-iron  pipe, 
24  inches  to  48  inches  in  diameter. 

One  of  the  two  exceptions  is  a  10-foot  brick  barrel  culvert,  with 
foundation  and  supporting  side-walls  of  concrete.  The  lower  portion 
of  the  barrel,  where  it  is  supported  by  the  concrete,  consists  of  two  rings 
of  brick,  and  the  arch  of  four  rings. 

The  other,  known  as  the  Coldwater  Arch,  is  rather  a  novel  struc- 
ture. The  line  of  the  railroad  crosses  the  valley  of  Coldwater  Creek 
about  fifty  feet  above  the  bottom  of  the  creek.  The  bed  of  the  stream 
at  this  point  is  right  on  the  solid  limestone  rock,  and  on  the  north  side 
was  an  abrupt  bluff"  of  limestone,  rising  about  twenty-five  feet  above  the 
bed  of  the  creek.  It  was  decided  to  put  in  an  arch  at  this  point,  to  carry 
the  creek  through,  and  to  build  a  solid  embankment  over  it.  The  rock 
bluff"  was  cut  away  enough  to  carry  the  creek  through  at  right  angles 
to  the  line  of  the  road,  and  an  arch  of  twenty  feet  radius  constructed, 
with  one  side  springing  direct  from  the  rock  at  the  bottom  of  the  creek, 
and  the  other  side  from  a  rough  skew-back  cut  in  the  rock  about  16  feet 
above  the  true  spring  line  of  the  arch,  the  rock  bluff"  below  forming  the 
north  side  of  the  culvert.  This  culvert  is  90  feet  in  length  ;  the  arch, 
built  of  hard-burned  brick,  laid  in  Portland  cement,  is  36  inches  thick; 
the  haunch  walls  are  built  of  Louisville  cement  concrete  ;  the  head 
Avails  at  each  end  are  of  brick,  with  Romona  stone  copings ;  and  the 
wing  walls  are  of  heavy  rubble  masonry,  set  in  Louisville  cement,  and 
having  copings  of  Romona  stone. 

The  line,  through  both  the  city  and  the  county,  is  ballasted  through- 
out with  broken  stone.  On  the  line  in  the  city  of  St.  Louis  there  are 
several  interesting  pieces  of  work. 

Just  south  of  the  city  limits  the  new  water  works  conduit  is  crossed 
by  means  of  a  bridge  consisting  of  three  through  plate  girder  spans* 
each  73  feet  6  inches  over  all,  supported  on  two  piers  and  two  abutments 
built  of  hard-burned  brick,  laid  in  Portland  cement,  on  foundations  of 
piles  and  concrete,  with  copings  of  Berea  sandstone. 

About  two  miles  south  of  the  city  limits  we  reach  the  north  end  of 
the  main  freight  yards,  which  extend  to  Grand  Avenue,  about  two  miles 
further  south.  About  five  hundred  acres  of  land  here  are  owned  by  the 
railroad  company,  giving  it  abundant  room  to  increase  its  yard  capacity? 
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as  business  may  require.  At  present  about  twenty  miles  of  track  bave 
been  laid  in  this  yard,  wbicb  is  so  laid  out  that  it  can  be  used  as  a  gravity 
or  poling  yard,  if  so  desired.  At  its  north  end  are  located  the  round- 
house, coal  chute,  sand  house,  oil  house  and  storehouse.  The  round- 
house is  a  brick  structure  built  on  a  forty-stall  circle,  but  only  thirty 
stalls  have  been  built.     The  turn-table,  66  feet  long,  is  of  steel. 

The  northern  half  of  the  yard  is  crossed  by  Harlem  Creek,  which, 
after  passing  under  the  new  water  works  conduit  in  Hall  Street,  origin- 
ally wandered  around  in  a  very  irregular  course  on  its  way  to  the  river. 
As  so  many  tracks  would  have  to  be  carried  over  this  stream,  it  was  con- 
sidered best  to  change  the  channel  and  to  run  the  creek  straight  from  Hall 
Street  to  the  river.  Borings  were  accordingly  made,  which  showed  that 
rock  for  foundation  could  be  found  at  a  depth  of  from  twenty  to  twenty- 
four  feet  below  the  surface  of  the  ground,  and  above  low  water  in  the 
river,  so  that  there  would  be  no  serious  difficulty  in  excavating  to  the 
rock,  at  the  proper  season.  It  was  decided  to  build  an  arched  culvert 
to  carry  the  creek,  and  for  the  present,  to  build  the  arch  only  under  the 
property  embraced  within  the  limits  of  the  present  yard. 

This  culvert,  or  sewer,  is  I  think,  the  largest  in  area  of  any  in  this 
country.  The  bench  walls  are  placed  30  feet  apart  and  are  built  of 
Romona  limestone,  laid  in  Portland  cement  and  backed  up  with  Louisville 
cement  concrete.  The  spandrels  also  are  of  Louisville  concrete.  The 
bench  walls,  up  to  the  spring  line  of  the  arch,  vary  in  height,  according 
to  the  elevation  at  which  the  rock  was  found,  from  6  to  11  feet;  the 
face  stones  average  2  J  feet  in  depth  from  the  face,  with  headers  every 
third  stone,  not  less  than  3?  feet  in  depth  from  the  face,  and  the  top 
course  is  cut  in  the  form  of  a  skew-back  to  receive  the  arch.  The  back 
of  the  wall  has  a  batter  of  one  in  eight. 

The  bench  walls  were  built  for  the  whole  distance  from  the  edge  of 
the  Mississippi  River  to  the  western  limits  of  the  company's  property, 
at  Hall  Street,  a  distance  of  1,560  feet,  and  they  have  since  been  con- 
tinued by  the  city  of  St.  Louis  to  connect  with  the  water  works  arch  over 
Harlem  Creek  The  arch  is  built  of  hard-burned  brick  laid  in  Portland 
cement.  It  consists  of  seven  rings,  with  a  total  thickness  of  about  32 
inches.  This  arch  is  segmental,  with  radius  of  16  feet  and  a  rise  of  11. 43 
feet.  As  above  stated,  the  arch  was  turned  only  within  the  limits  of  the 
yard  as  now  constructed,  a  distance  of  607  feet.  The  ends  were  left 
toothed  out,  so  that  at  any  time  the  arch  may  be  continued,  the  bench 
walls  being  already  built  to  receive  it. 

The  quantities  of  material  in  this  culvert,  and  the  cost,  are  as  fol- 
lows : 
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Earthwork,         74,144      c.  y.,  at    $  .40 $29,657  60 

Concrete,              6,068.01     "      "      4.75  .    .  ' 28,823  05 

Face  stone,           2,145.88     "      "     12.00 25,750  56 

Brick  masonry,  2,515.82     "      "     11.50 28,93193 

Difference  in  cost  between   Portland   cement  and   Louis- 
ville,  u.sed   in  leveling   up    foundation    under  face 

stone  of  bench  walls 453  05 

Total $113,616  19 

In  explanation  of  the  apparently  high  price  paid  for  excavation,  I 
would  say  that  it  was  very  wet  work,  that  a  considerable  portion  had  to 
be  handled  with  derricks,  and  further,  that  the  price  included  the  re- 
filling over  the  arch,  and  distributing  the  balance  of  the  material  where 
it  was  needed  for  filling  the  yard. 

The  next  important  piece  of  work  is  the  Mound  Street  Yard. 
This  yard  contains  about  fifteen  acres,  and  is  located  between  Tyler  Street 
on  the  north,  Miillanphy  Street  on  the  south.  First  Street  on  the  east  and 
Second  Street  on  the  west.  This  yard  is  for  the  shipment  of  car-load 
freight,  and  has  track  room  for  about  four  hundred  cars,  each  of  which 
is  accessible  by  teams.  The  driveways  between  these  tracks  are  all 
paved,  some  with  granite,  but  the  larger  portion  with  vitrified  brick,  of 
which  I  will  later  speak  more  fully.  A  passenger  station,  located  at 
the  southwest  corner  of  the  yard,  is  at  present  used  for  the  suburban 
trains  of  the  Keokuk,  and  for  all  trains  of  the  Missouri,  Kansas  & 
Texas.  The  latter  railway  enters  the  city  over  the  tracks  of  the  St. 
Louis,  Keokuk  &  Northwestern.  On  the  west  side  of  the  yard  is 
located  a  five-stall  engiue  house,  with  turn-table  and  coal  chute.  Before 
work  was  commenced  on  this  yard,  the  ground  sloped  with  a  grade  of 
about  6  feet  per  100  from  Second  Street  to  First  Street,  and  from  Brook- 
lyn Street  to  Mullanphy  Street  nearly  all  of  the  ground  was  covered  by 
buildings.  The  territory  embraced  within  the  limits  of  the  yard  was 
crossed  by  three  streets. 

An  ordinance  was  obtained  from  the  city  of  St.  Louis,  vacating 
these  streets  in  consideration  of  the  construction  and  maintenance  by 
the  railroad  company  of  a  bridge  across  the  yard  from  Second  Street  at 
the  foot  of  Mound  Street,  and  an  inclined  drive-way  leading  from  the 
bridge  to  First  Street  at  Brooklyn  Street.  This  bridge  was  constructed 
in  1891.  It  consists  of  a  steel  span  of  293  feet,  supported  on  brick 
abutments,  with  Bedford  stone  coping.  The  eastern  abutment  where 
the  turn  onto  the  incline  is  made,  was  built  hollow,  and  it  serves  as  a 
storehouse  for  material  used  about  the  yard.  The  incline  is  a  timber 
structure,  with  a  grade  of  6  feet  in  the  hundred.  Both  bridge  and  in- 
cline are  paved  with  pine  blocks. 

After  the  construction  of  the  bridge  the  whole  area  of  the  yard  was 
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graded  down  to  the  level  of  First  Street,  leaving  the  elevation  of  the 
yard  about  20  feet  below  that  of  Second  Street,  except  at  the  extreme 
northern  end. 

Second  Street  is  supported  by  a  substantial  retaining  wall,  built  of 
Louisville  cement  concrete,  Avith  a  facing  of  a  single  thickness  of  hard 
brick,  laid  in  Portland  cement,  the  brick  being  laid  in  Flemish  bond,  so 
as  to  tie  the  facing  back  into  the  concrete.  The  wall  is  finished  on  top 
with  a  heavy  coping  of  Bedford  limestone,  surmounted  by  a  substantial 
iron  gas-pipe  railing.  This  wall  was  built  with  a  vertical  face,  and  the 
back  is  stepped  out  as  required  by  the  depth.  It  was  founded  on  rock 
for  the  whole  length.  This  form  of  construction,  which  gives  a  smooth 
neat  wall,  has  proved  very  satisfactory. 

In  making  the  excavation,  rock  was  found  in  the  southern  and 
western  half  of  the  yard,  and  over  fifty  thousand  yards  were  taken  out. 
Nearly  all  of  this  was  crushed  and  used  for  ballasting  the  yard  and 
main  line  tracks.  About  ninety  thousand  yards  of  the  earth  excavated 
were  used  for  filling  a  deep  quarry  which  occupied  the  eastern  half  of 
the  block  between  Brooklyn  and  Mound  Streets,  and  the  balance  for 
embankments  on  the  line  north  of  Wright  Street. 

As  above  stated,  the  drive-ways  in  the  yard  are  largely  paved  with 
vitrified  brick.  This,  I  believe,  is  the  first  pavement  of  the  kind  laid 
in  St.  Louis,  certainly  the  first  of  any  extent.  There  are  about  16,400 
square  yards  of  this  pavement.  About  one-half  consists  of  one  course 
of  vitrified  brick  laid  on  edge  on  a  foundation  of  8  inches  of  Louisville 
cement  concrete,  a  sand  cushion  I2  inches  thick  intervening  between 
the  brick  and  the  concrete.  The  remainder  consists  of  two  courses  of 
brick,  the  lower  course  laid  flat  on  2  inches  of  sand,  with  which  the 
spaces  between  the  bricks  were  thoroughly  filled.  This  course  was  then 
covered  with  a  sand  cushion  H  inches  thick,  on  which  the  wearing 
course  of  brick  was  laid  on  edge. 

In  both  cases,  after  laying,  the  pavement  was  thoroughly  rolled 
with  a  heavy  roller.  It  was  then  carefully  examined  and  all  broken 
and  defective  bricks  were  replaced  with  sound  ones.  The  pavement 
was  then  again  rolled  and  all  interstices  between  the  bricks  were  filled 
as  thoroughly  as  possible  with  sand,  A  layer  of  sand  about  1  inch  in 
depth  being  finally  spread  over  the  top,  to  be  worked  in  by  the  travel. 
For  both  classes  of  this  pavement  the  ground  was  prepared  by  rolling, 
and,  where  filling  was  required,  cinders  were  used,  as  being  the  best 
material  available  for  that  purpose.  The  cinders  were  thoroughly  com- 
pacted by  rolling  with  a  heavy  roller,  all  low  spots  being  brought  up  to 
grade  and  re-rolled.  In  this  part  of  the  work  the  greatest  care  was  used 
to  insure  a  good  foundation.  The  vitrified  brick  came  from  Galesburg, 
Illinois,  and  seemed  carefully  made  and  thoroughly  burned.     In  the 


64  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

double-course  pavement,  the  lower  course  was  laid  with  seconds.  It  has 
now  been  in  use  since  March  4th  of  this  year  and  has  proved  entirely- 
satisfactory.  Being  laid  in  a  yard  devoted  to  heavy  teaming,  it  is  sub- 
jected to  a  severe  test,  and  I  believe  it  will  stand  it.  In  doing  the  work 
thus  thoroughly  tliroughout  the  object  has  been  partly  to  furnish  a  test 
piece,  and  I  think  the  municipal  authorities  should  watch  this  pave- 
ment with  interest,  and  appreciate  the  work  of  the  company  in  making 
this  experiment  for  them. 

At  Franklin  Avenue  and  First  Street,  and  extending  north  to  Carr 
Street,  is  located  the  freight  house  of  the  company.  At  the  South  end, 
facing  Franklin  Avenue,  is  the  office  building,  141  feet  6  inches  front 
and  38  feet  deep,  built  of  brick,  laid  in  Portland  cement.  The  floors 
are  of  mill  construction,  carried  on  iron  girders,  except  the  first  floor, 
which  is  granitoid,  on  brick  arches  turned  between  the  girders.  The 
Avails  are  made  of  sufficient  strength  for  a  seven-story  building,  in  case 
it  should  ever  be  required,  but  only  four  stories  have  thus  far  been  con- 
structed. Just  north  of  and  adjoining  the  office  building  is  the  freight 
house  proper,  an  iron  frame  building  with  foundation  of  stone  and  brick, 
770  feet  long  and  131  feet  10  inches  wide,  with  five  tracks  in  the  house, 
giving  a  capacity  of  one  hundred  cars.  The  delivery  platform  is  on  the 
east  and  the  receiving  platform  on  the  west  side.  Owing  to  the  differ- 
ence in  the  level  of  the  streets  on  the  two  sides  of  the  freight  house,  it 
was  necessary  to  build  the  platforms  on  a  grade  sloping  towards  the  east, 
but,  as  everything  is  handled  to  and  from  the  cars  down  this  grade,  this 
has  proved  rather  a  benefit  than  otherwise.  North  of  the  freight  house, 
and  extending  to  Carr  Street,  are  open  platforms,  with  granitoid  floors, 
76  feet  long,  each  provided  with  a  crane  for  handling  heavy  articles, 
such  as  machinery  and  boilers.  Just  north  of  Carr  Street  is  a  small 
yard,  with  a  capacity  of  thirty -two  cars,  for  handling  car-load  freight, 
and  the  drive-ways  of  this  yard  are  also  paved  with  vitrified  brick. 

The  most  important  structure  on  the  line  of  the  St.  Louis  Extension 
is  the  Bellefontaine  Bridge,  across  the  Missouri  River.  This  is  a  double 
track  bridge,  with  four  main  spans  of  440  feet  each,  center  to  center  of 
end  pins:  supported  on  heavy  masonry  piers,  and  with  a  viaduct  ap- 
proach, 850  feet  in  length,  on  the  north  side  of  the  river.  Beyond  the 
approach  is  a  timber  trestle,  2,960  feet  in  length,  which  is  now  being 
filled  in.  The  main  river  spans  are  single-intersection  Pratt  trusses, 
divided  into  eight  panels  of  55  feet  each.  The  trusses  are  designed  for 
a  rolling  load  of  3,000  })ounds  per  foot  on  each  track.  These  spans  are 
built  without  any  adjustable  members,  the  top  and  bottom  laterals  are 
all  riveted,  and  the  reversal  of  strains  at  the  centers  of  the  trusses  is 
effected  by  so  constructing  the  inclined  web  members  that  they  shall 
resist  compression  as  well  as  tension,  instead  of  using  the  usual  adjust- 
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Fig.  3. — Coldwater  Arch,  August  20,  1893. 


Fig.  4. — Coldwater  Arch,  December  14,  1894. 
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Fig  5. — Bellepontaine  Bridge  across  Missouri  River 
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able  counter  ties.  These  spans  are  built  throughout  of  steel,  except 
the  bed  plates  on  the  piers,  which  are  of  cast  iron.  The  steel  work  was 
manufactured  by  the  New  Jersey  Steel  and  Iron  Co.,  of  Trenton,  N.  J., 
and  erected  by  Wm.  Baird,  of  Pittsburg. 

The  viaduct  approach  is  a  riveted  steel  structure,  with  alternate 
spans  of  28  feet  6  inches  and  of  32  feet  2  inches.  It  rests  on  small 
piers  of  brick,  which  will  be  described  later.  The  steel  work  of  the 
viaduct  w'as  furnished  and  erected  by  Messrs.  A.  &  P.  Roberts  &  Co., 
of  Pencoyd  Iron  Works,  Philadelphia. 

The  substructure  for  the  main  bridge  consists  of  four  piers  and  an 
abutment.  This  abutment  is  founded  on  solid  rock  on  the  south  bank  of 
the  river  at  about  the  level  of  extreme  high  water.  The  piers  are  all 
founded  on  pneumatic  caissons,  which  are,  with  one  exception,  sunk  to 
the  bed  rock  of  the  river.  They  are  numbered  from  south  to  north,  the 
abutment  being  Pier  I. 

The  masonry  of  the  piers  is  built  of  oolitic  limestone  from  Bedford 
and  Romona,  in  Indiana,  except  that  in  Piers  II,  III  and  IV,  for  about 
thirty  feet,  covering  the  range  between  extreme  high  and  low  water,  the 
face  stones  are  of  Minnesota  granite.  All  of  the  face  stones  are  set  in 
Portland  cement.  The  backing  consists  of  large  stone,  cut  to  the  same 
rise  as  the  courses  in  which  they  are  laid,  and  with  both  top  and  bottom 
beds  dressed.  The  sjDecifications  required  that  the  spaces  between 
these  large  backing  stones  should  occupy  not  more  than  20  per  cent,  of 
the  area  inside  of  the  face  stones  ;  but,  in  fact,  as  the  masonry  was 
laid,  they  occupy  in  most  instances  not  more  than  10  per  cent,  of  that 
area.  All  such  spaces  were  filled  with  concrete,  thoroughly  rammed 
into  place.  These  backing  stones  were  so  laid  as  to  break  bond  in  the 
different  courses.  The  backing  was  laid  in  Louisville  cement  mortar, 
except  in  freezing  weather,  when  Portland  cement  was  used  throughout. 
After  the  masonry  in  the  piers  was  laid,  all  face  joints  were  cleaned  out 
to  a  depth  of  I2  inches,  and  pointed  with  Portland  cement  mortar,  in 
the  proportion  of  1  part  cement  to  2  of  sand,  driven  in  with  calking 
irons.  The  masonry  of  these  piers  is  a  very  fine  piece  of  work,  and,  I 
think,  the  best  I  have  ever  seen. 

The  work  was  done,  under  contract,  by  Messrs.  Christie  &  Lowe, 
of  Chicago;  Mr.  George  A.  Lederle  was  the  resident  partner.  The  con- 
tractors furnished  all  materials  and  tools,  except  cement,  which  was 
furnished  by  the  railroad  company.  There  were  11,022  yards  of  this 
masonry,  and  there  were  used  in  setting  it  1,620  barrels  of  Portland 
cement  and  1,566  barrels  of  Louisville  cement.  The  price  paid  the 
contractors  was  S17  per  cubic  yard,  and  the  average  cost,  including 
everything,  was  $17.75. 

All  of  the  foundation  work  was  done  by  the  company's  men,  under 
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Fig.  6. 


Longitudinal  Section 
AT  Centre. 


Side  Elevation  under 
Planking. 


Fig.  7.— Plan  on  Top. 
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Fig.  8. 


Cross-Section 
AT  Centre. 


End  Elevation 
UNDER  Planking. 


Figs.  6,  7  and  8. 

CAIvSSON  AND  CRIB  WORK 

OF  CAIRO  BRIDGE, 
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the  direction  of  the  Resident  Engineer.  The  work  was  handled  under 
rather  more  than  ordinary  difficulties,  owing  to  the  fact  that  during  the 
greater  part  of  the  time  that  the  foundation  work  was  in  progress  there 
was  no  railroad  communication  with  the  bridge,  and  all  material  and 
supplies  had  to  be  brought  up  the  river  on  barges,  which  added  con- 
siderably to  the  expense  and  was  a  constant  source  of  worry  to  those  in 
charge  of  the  work,  especially  during  the  extreme  low  stage  of  water 
which  prevailed  in  the  fall  of  1892.  To  prepare  for  the  early  winter, 
when  the  river  was  liable  to  be  blocked  with  ice,  a  large  supply  of  coal 
had  to  be  procured  and  stored  ;  and,  notwithstanding  the  precaution 
taken  in  this  direction,  there  was  less  than  ten  hours'  supply  on  hand 
when  the  track  from  the  north  finally  reached  the  bridge  in  January, 
1893,  so  that  coal  could  be  received  by  train. 

There  being  no  town  or  village  in  the  neighborhood,  it  was  neces- 
sary to  erect  boarding-houses  and  all  other  buildings  required  for  the 
accommodation  of  the  men  and  for  the  storing  of  materials. 

The  four  piers  in  the  river  are  founded  on  pneumatic  caissons,  those 
for  Piers  II,  III,  and  IV  being  70  feet  long  by  30  feet  wide,  and 
that  for  Pier  V,  60  feet  long  by  24  feet  wide.  They  are  identical,  in 
construction,  and  in  form,  except  as  to  height,  with  those  used  at  the 
Cairo  bridge,  and  illustrated  in  Figs.  6,  7  and  8,  reproduced  from 
Vol.  IX,  No.  6,  of  this  Journal,  June,  1890,  pages  314  and  315.-^=  All  the 
caissons  were  16  feet  high,  including  the  iron  cutting  edge,  and  were  sur- 
mounted with  a  wooden  crib-work,  constructed  like  the  upper  portion  of 
the  caisson  proper.  This  crib-work  was  24.4  feet  high  in  Pier  II,  45  feet 
in  Pier  III,  58  feet  in  Pier  IV,  and  64  feet  in  Pier  V.  The  crib-work  was 
filled  with  concrete,  Louisville  cement  being  generally  used  in  the  pro- 
portion of  1  part  cement,  2  of  sand,  and  4  of  crushed  stone ;  but,  in 
certain  portions  of  the  work,  and  at  all  times  in  freezing  weather,  Port- 
land cement  was  used,  generally  in  the  proportions  of  1  part  cement,  3 
of  sand,  and  5  of  crushed  stone.  The  form  of  caisson  employed  was  that 
which  has  generally  been  used  by  Mr.  Morison  on  his  works,  with  an 
iron  cutting  edge,  vertical  outside  walls  of  12  by  12-inch  timber,  and  the 
working  chamber  walls  inclined  inwards  on  an  angle  of  45°,  supported 
by  iron  rods  running  through  the  outside  walls,  hi  the  larger  caissons, 
there  were  in  the  working  chamber  four  transverse  braces  of  16  by  16-inch 
timber,  and  also  a  longitudinal  timber  of  the  same  size.  In  the  smaller 
caisson,  the  longitudinal  timber  was  omitted,  and  there  were  only  two 
transverse  timbers.  The  inside  of  the  chamber  was  lined  with  3-inch 
plank,  and  then  carefully  caulked.  The  caissons  throughout  were  built 
of  long-leaf  yellow  pine. 


*  These  cuts  are  kindly  furnished  by  Mr.  John  W.  Weston,  ex-Secretary,  Ass'n 
Eng.  Sees. — Secretary- 
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The  pneumatic  plant  used  for  sinking  the  caissons  consisted  of  two 
No.  4  Clayton  duplex  compressors,  having  steam  and  air  cylinders,  each 
14-inch,  with  15-inch  stroke;  a  Worthingtou  duplex  pump,  18j  by  lOt 
by  10  inches,  and  a  small  dynamo,  run  by  a  Westinghouse  automatic 
engine  for  lighting  the  working  chamber.  This  plant  was  set  up  on  the 
steamer  John  Bertram,  whose  boilers  furnished  the  power  to  run  the 
plant.  There  was  also  a  duplicate  plant,  which  was  used  during  part  of 
the  work  on  Piers  II  and  III,  when  tliere  was  not  water  enough  to  reach 
those  piers  with  the  steamboat.  This  plant  was  erected  on  a  platform, 
supported  on  piles  just  below  Pier  III.  In  addition  to  the  above,  there 
were  several  hoisting-engines,  a  pile-driver  boat,  provided  with  a  der- 
rick for  handling  the  timber  in  building  up  the  crib-work  and  an  arc- 
light  plant  for  night  work.  As  far  as  possible,  the  concrete  was  mixed 
by  machine,  a  Cockburn  barrow  mixer  being  used,  which  was  set  up  on 
a  large  barge,  with  a  derrick  for  handling  the  concrete  buckets.  Several 
other  barges  for  handling  timber,  cement  and  crushed  stone  were  pro- 
vided, and  a  small  steamboat  for  towing  the  barges. 

A  short  account  of  the  work  on  some  of  the  piers,  and  of  some  of 
the  difficulties  encountered,  will  probably  be  of  interest.  All  of  the 
caissons,  except  that  for  Pier  II,  were  built  on  launching  ways  on  the 
north  side  of  the  river  just  above  the  bridge  line.  These  launching  ways 
were  constructed  by  driving  piles,  which  were  capped  with  12  by  12-inch 
timber  running  up  and  down  stream,  and  then  the  way  timbers,  also 
12  by  12,  were  put  in  position  and  securely  drift-bolted.  The  ways  had  a 
slope  toward  the  river  of  3  inches  to  the  foot,  and  were  extended  out 
into  the  river  fiir  enough  to  allow  the  caisson  to  float  before  being  clear 
of  the  timbers.  The  piles  under  water  were  cut  ott  by  a  circular  saw 
hung  in  a  frame  attached  to  the  leads  of  the  pile-driver,  the  caps  were 
set  in  position  by  a  diver,  and  the  drift-bolts,  which  had  been  started 
into  the  caps  before  they  were  sunk,  were  driven  by  a  ramrod  working 
through  a  gas-pipe  placed  over  the  drift-bolt. 

The  cutting  edge  for  Pier  III  was  set  up  on  July  30,  1892,  and 
the  building  of  the  caisson  proper  was  completed  and  the  caisson  success- 
fully launched  on  August  2t)th.  In  the  meantime,  sandbars  had  formed 
at  the  site  of  the  pier,  so  that  there  were  only  from  two  to  five  feet  of 
water,  and  the  caisson,  after  launching,  drew  ten  feet.  However,  it  had 
to  be  got  into  position,  if  possible,  and  this  was  accomplished  as  follows : 
The  steamer  John  Bertram  was  taken  over  to  the  pier  site  and  made 
fast  to  piles  driven  for  that  purpose,  and  her  wheels  were  set  to  work  to 
wash  out  the  sand.  This  proved  a  success,  a  hole  from  seven  to  ten  feet 
deep  being  dug  out  at  the  site  of  the  pier.  In  the  meantime,  barges  had 
been  placed  on  each  side  of  the  caisson,  and  heavy  timbers  bolted  across 
the   caisson,  and   extendinir  out   over   the  barges.     On   the  morning  of 
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August  3d,  the  John  Bertram  was  brought  back  to  the  shore,  and 
fastened  beliind  the  caisson,  which  it  proceeded  to  tow  across  the  river 
until  it  struck  bottom,  when  the  air  pumps  were  started  and  air  pumped 
into  the  caisson,  raising  it  until  it  drew  only  about  five  feet  of  water- 
As  the  caisson  was  raised,  blocking  w^as  placed  under  the  timbers  pro- 
jecting over  the  barges,  to  keep  it  level,  and  without  further  difficulty  it 
was  towed  to  its  proper  position,  the  air  was  released  and  the  caisson 
was  let  down  upon  the  sand.  After  this,  the  work  was  carried  on 
without  further  difficulty,  except  that  the  caisson  was  abandoned 
from  September  21st  until  December  3d,  while  the  second  plant  was 
being  erected,  the  water  at  the  pier  having  become  so  shallow  that  the 
steamer  had  to  be  removed  on  the  former  date.  This  caisson  finally 
reached  the  bed  rock  on  January  2,  1893,  at  a  depth  of  88.80  feet  below 
standard  low  water.  The  work  of  filling  the  chamber  with  concrete 
was  completed  on  January  11th.  The  material  was  excavated  and 
discharged  from  the  working  chamber  by  the  Morison  sand  pump,  a 
modification  of  the  Eads  sand  pump  used  on  the  St.  Louis  Bridge.  On 
this  pier,  and  also  on  Pier  IV,  an  elevator  was  provided  for  taking  the 
men  up  and  down  the  shaft.  The  air  lock.  Fig.  9,  was  placed  at  the  top 
of  the  caisson  proper,  with  a  short  shaft  leading  down  into  the  chamber. 
Above  the  lock  was  a  shaft  six  feet  in  diameter,  provided  with  guides,  on 
which  the  elevator  ran,  being  raised  and  lowered  by  an  engine  placed 
on  top  of  the  shaft,  and  driven  by  the  compressed  air  taken  from  the 
caisson.  This  elevator  proved  a  great  relief  to  the  men,  and  it  would 
have  been  a  great  convenience  if  we  had  had  one  on  each  of  the  piers. 

The  caisson  f)r  Pier  IV  was  launched  on  September  20th,  and  on 
the  2-l:th  the  caisson  was  towed  out  into  position  and  securely  fastened 
to  four  clusters  of  anchor  piles,  near  the  four  corners.  By  means  of 
lines  leading  from  these  clusters  of  piles  it  was  held  accurately  in  posi- 
tion as  it  sunk  down  to  the  sand.  When  the  caisson  was  placed  in 
position  on  the  24th,  soundings  showed  fourteen  feet  of  water  at  the  west 
end  and  thirteen  feet  at  the  east  end.  The  work  of  building  up  the 
cribbing  was  started  that  night,  and  continued  till  the  29th,  when  con- 
creting commenced.  At  this  time,  soundings  showed  about  twenty  feet 
of  water  all  around  the  caisson,  which  was  still  afloat.  As  the  weight 
of  the  concrete  settled  the  caisson,  the  current  gradually  cut  away  the 
sand  below  ;  and  on  the  morning  of  the  30th,  there  was  an  average  of 
twenty-three  feet  of  water  all  around,  with  25.5  at  the  northwest 
corner.  At  about  3  p.m.  of  that  day  the  caisson  grounded  on  the  south 
side,  and  on  the  morning  of  the  1st  of  October,  it  was  still  aground  on  the 
south  side,  but  on  the  north  side  there  were  about  twenty-five  feet  of  water, 
with  twenty-six  feet  at  the  northwest  corner.  About  six  hundred  bags 
of  sand  were  thrown  in  at  the  west  or  up-stream   end,  in  order  to  cut  off 
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Fig.  9. — Air-lock  and  Shaft  for  Piers  III  and  IV. 
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the  current,  and  with  some  success,  for  on  the  morning  of  the  2d,  the 
caisson  was  found  to  be  aground  on  sacks  at  the  west  end.  Concreting 
was  continued  during  the  2d  and  3d,  and  during  the  afternoon  of  the 
3d  more  sand  bags  were  thrown  in  along  the  north  side,  as  the  sand 
had  again  started  cutting  there.  On  the  morning  of  the  4th,  the  air  pipes 
were  connected  and  the  air  pressure  was  put  on. 

On  attempting  to  enter  the  caisson  through  the  air-lock,  the  door  of 
the  main  shaft  below  the  lock  was  found  to  be  blocked  up  underneath,  so 
that  it  could  be  opened  only  a  few^  inches,  and  it  was  impossible  to  enter 
in  that  way.  The  pressure  was  let  off  the  caisson,  a  man  was  lowered 
into  one  of  the  supply  shafts  used  for  taking  in  the  concrete  filling  of 
the  chamber,  the  top  was  put  on  the  shaft  again  and  air  pressure  was 
once  more  turned  on  the  caisson.  The  man  sent  into  the  caisson  found 
that  a  part  of  the  temporary  false  bottom  that  had  been  used  in  launch- 
ing it,  had  not  been  removed,  and  that  some  of  the  timbers  were  jammed 
up  against  the  main  shaft  door.  These  he  soon  cleared  away  and  the 
caisson  could  then  be  entered  through  the  lock.  The  writer  went  down 
to  make  an  examination,  and  found  that  along  the  south  side  and  east 
end  the  caisson  was  filled  with  sand  nearly  to  the  roof,  while  along  the 
north  side  and  west  end  it  was  far  below  the  cutting  edge.  Some  of  the 
false  bottom  had  become  wedged  under  the  cross-beams,  and  as  weight 
was  put  on  the  caisson  above  it  was  pres'sed  down,  and  the  cross-beams 
supported  most  of  the  weight  of  caisson  and  concrete;  the  result  being 
that  all  of  the  cross-beams  were  split  and  most  of  the  vertical  posts 
between  them  and  the  roof  were  either  shoved  up  into  the  roof  or  down 
into  the  beams,  the  worst  point  being  at  the  second  cross-beam  from  the 
down-stream  end,  where  the  beam  was  shoved  up  so  that  the  distance 
between  it  and  the  roof  was  only  3  feet  4  inches,  instead  of  4  feet,  as 
originally  built.  The  vertical  post  at  the  center  was  split  through  its 
entire  length,  and  crushed  down  into  the  longitudinal  beam. 

Concreting  was  at  once  stopped,  so  as  to  add  no  further  weight,  and 
men  were  set  to  leveling  down  the  sand  in  order  to  bring  the  bearing  on 
the  cutting  edge  all  around,  and  to  clear  out  under  the  beams,  so  as  to 
relieve  the  pressure  on  them.  When  this  was  done,  the  beam  that  had 
been  pushed  up  eight  inches  came  back  to  within  three  inches  of  its 
original  position.  As  soon  as  everything  was  cleared  up  the  cracked 
beams  were  jacked  down  into  place  and  securely  bolted,  new  posts  were 
put  in  alongside  the  old  ones  that  had  been  damaged,  and  the  work  went 
on  as  usual.  On  November  18th  this  caisson  reached  the  bed  rock  at  a 
deptli  of  101.1  feet  below  standard  low  water,  and  the  concrete  filling 
was  completed  on  the  30th.  In  this  pier,  on  top  of  the  bed  rock,  was 
found  a  layer  over  two  feet  deep  of  cobble  stones  and  boulders,  most  of 
which  were  worked  into  the  concrete,  but   had  to  be  handled  so  much 
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that  they  made  the  work  of  concreting  slow  and  expensive,  especially  as 
the  men  were  working  about  one  hour  at  a  shift,  and  from  two  to  three 
hours  for  a  day's  work,  at  $3.50  per  day. 

The  caisson  for  Pier  V  was  launched  December  11th,  unM  reached 
its  final  resting-place,  82.6  below  standard  low  water,  on  March  7, 
1893.  It  was  not  sunk  to  bed  rock,  but  was  stopped  in  sand.  As  it 
comes  within  the  permanent  shore  line,  where  the  caisson  will  always 
be  surrounded  with  sand,  so  that  there  can  be  no  danger  of  scour,  it 
was  considered  perfectly  safe  to  leave  it  on  the  sand.  The  rock  at  this 
point  was  109  feet  below  low  water,  and  we  would  have  had  to  work 
with  a  submersion  of  at  least  112  feet.  It  was,  therefore,  not  considered 
best  to  take  the  additional  risk  where  it  was  not  really  necessary.  The 
total  weight  of  this  pier,  taking  the  timber  at  50  pounds  per  cubic  foot, 
concrete  at  145  pounds,  and  masonry  at  160  pounds,  which  weights,  I 
believe,  to  be  rather  in  excess  of  the  actual,  is  : 

9,8G4  tons. 
It  carries  one-half  of  the    400    foot  span      700     " 


Making  a  total,  with    bridge   unloaded,   of      10,504 

With  both  tracks  loaded  with  3,000  pounds    per   foot.  .    .    .  660 

We  have  in  all 11,224 

From    this   should   be   deducted    the   weight    of   water 

displaced,  or 3,784 


Leaving 7,240     " 

which,  on  the  bottom  area  of  1440  square  feet,  would  make  a  pressure 
of  practically  five  tons  per  square  foot,  which  is  not  excessive.  This  is 
figured  at  standard  low  water,  and  no  account  is  taken  of  the  friction  on 
the  sides  of  the  caisson.  If  this  is  taken  into  account,  the  pressure  on 
the  bottom  of  the  foundation  is  reduced  to  a  very  low  amount. 

The  caisson  for  Pier  II  was  built  in  position  on  the  sand  bar.  Borings 
made  at  the  site  of  this  pier  showed  that  the  bed  rock  dipped  to  the  north 
about  seven  feet  in  the  width  of  the  caisson,  making  it  necessary  to  ex- 
cavate and  hoist  a  considerable  portion  of  the  rock.  For  this  purpose  a 
Morison  clay  hoist.  Fig.  10,  was  provided.  This  hoist  was  originally 
designed  for  use  on  the  foundations  of  the  bridge  over  the  Missouri 
River  at  Rulo,  Nebraska.  It  employs  an  air-lock  set  on  top  of  the 
concrete  supply  shaft.  On  the  back  of  this  air-lock  is  bolted  a  cylinder 
with  a  diameter  of  18  inches  and  stroke  of  about  9  feet,  connected  with 
the  air-lock  near  the  top  by  a  pipe  3  inches  in  diameter.  In  the  top  of 
the  cylinder  is  placed  a  set  of  sheaves,  and  in  the  top  of  the  piston, 
which  is  in  the  cylinder,  is  fastened  another  set  of  sheaves.  Over  these 
sheaves  is  run  a  wire  rope,  which  is   then    led  through    the    connecting 
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Fig.  10. — MoRisox  Clay-hoist. 
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pipe  to  the  air-lock  and  over  a  sheave  which  hangs  over  the  center  of 
the  shaft.  The  bottom  door  of  the  air-lock  is  hung  on  a  shaft,  which 
passes  out  through  a  stuffing  box  in  the  side  of  the  lock  so  that  the  door 
can  be  worked  from  the  outside.  The  bottom  of  the  cylinder  is  connected 
with  the  air  pipe  of  the  caisson  by  pipes  provided  with  the  necessary 
regulating  valves.  A  bucket  being  hung  on  a  hook  at  the  end  of  the 
rope,  the  outer  door  of  the  lock  is  closed  and  the  air  pressure  is  let  into 
the  lock  until  it  is  equal  to  that  in  the  caisson  below,  when  the  bottom 
door  is  opened  from  the  outside.  Air  pressure  is  then  admitted  to  the 
cylinder  and  as  the  air  pressure  under  the  piston  is  equalized  with  the 
pressure  in  the  caisson  the  weight  of  the  bucket  overhauls  the  piston  and 
the  bucket  is  lowered  to  the  bottom,  where  a  full  bucket  is  hooked  on 
and  hoisted  by  allowing  the  air  to  escape  from  under  the  piston,  when 
the  caisson  pressure  on  the  top  of  the  piston,  which  comes  back  through 
the  connecting  pipe,  forces  the  piston  down  and  raises  the  bucket,  the 
bottom  door  being  closed,  the  pressure  in  the  lock  is  equalized  to  the 
normal  pressure,  the  door  is  opened  and  the  bucket  is  dumped. 

The  sinking  of  this  caisson  presented  no  difficulty,  except  that 
occasioned  by  encountering  some  oak  logs,  until  rock  was  reached 
on  the  south  side,  at  a  distance  of  62  feet  below  standard  low  water, 
through  which  the  caisson  was  carried  down  to  a  depth  of  68.4  feet 
below  standard  low  water.  On  the  north  side  the  cutting  edge  did  not 
reach  the  rock,  except  for  a  short  distance  near  the  northwest  corner, 
but  blocking  was  put  under  the  shoulder  of  the  cutting  edge  to  support 
the  caisson,  and  the  rock  was  entirely  cleared  olf,  so  that  the  concrete 
filling  was  placed  on  the  entire  surface  of  the  rock.  At  the  northeast 
corner  of  the  caisson  the  concrete  was  carried  down  to  a  level  more 
than  two  feet  below  the  cutting  edge.  The  writer  personally  super- 
intended this  piece  of  work,  and  he  knows  that  it  was  thoroughly  done. 
The  rock  was  broken  up  by  blasting.  The  explosive  used  was  racka- 
rock,  which  has  an  advantage  over  dynamite  for  such  work  in  not  pro- 
ducing the  violent  headache  which  the  latter  generally  causes,  especially 
in  a  confined  place  like  a  caisson.  To  avoid  danger  of  damaging  the 
caisson,  only  light  charges  were  used,  and  the  explosive  proved  satis- 
factory. 

During  the  filling  of  the  chamber  with  concrete  there  was  a  sharp 
rise  in  the  river,  which  completely  submerged  the  pier,  only  the  sluifts 
and  pipes  being  left  al)ove  water;  and  they  were  protected  from  in- 
jury from  drift  logs  by  a  bulwark  of  bags  of  crushed  stone  built  up 
on  the  nose  of  the  pier  and  carried  down  to  and  around  the  shafts. 
During  the  last  day  or  two  the  water  was  five  feet  deep  over  the  masonry 
of  the  pier. 

There  were  used  in  the  construction  of  these  caissons  1,608,814  feet 
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B.  M.  of  yellow  pine  timber.  The  cost  of  framing  this  timber  and 
building  it  into  the  caissons  averaged  $21.93  per  M.  B.  M.  This  in- 
cludes cost  of  launching  ways  and  of  material  and  labor  of  all  kinds, 
except  the  cost  of  the  timber  itself.  It  includes  also  all  handling  and 
towing. 

There  were  placed  in  these  caissons  13,285  cubic  yards  of  concrete, 
in  which  were  used  4,759  barrels  of  Portland  cement  and  16,035  barrels 
of  Louisville  cement.  The  average  cost  of  this  concrete,  including  all 
material  and  labor,  was  $5.36  per  cubic  yard.  The  average  cost  per 
cubic  foot  of  caisson  and  filling,  including  cutting  edges,  shafting,  etc., 
was  34.2  cents.  The  average  cost  of  sinking  was  9.17  cents  per  cubic  foot 
sunk,  this  average  being  materially  increased  by  the  cost  of  the  rock 
excavation  in  Pier  II,  the  average  cost  for  that  pier  being  12.33  cents. 
The  average  per  vertical  foot  sunk  was  $177.99.  Pier  II  affected  this 
average  also,  as  it  cost  $258.94,  while  Pier  V  cost  only  $116.17  per 
foot  sunk. 

The  piers  for  the  viaduct  approach  were  built  of  vitrified  brick 
laid  in  Portland  cement,  and  were  finished  with  heavy  cast-iron  caps. 
These  piers  are  circular,  with  a  diameter  of  5  feet,  and  they  rest  on  a 
foundation  of  Portland  cement  concrete  supported  on  seven  oak  piles 
extending  3  feet  into  the  concrete.  This  concrete  foundation  was  5  feet 
deep,  built  in  the  form  of  a  hexagon,  with  sides  of  5  feet.  The  brick- 
work was  8  feet  in  diameter,  where  it  started  from  the  concrete,  and 
tapered  to  5  feet  in  a  rise  of  3  feet  10  inches.  The  anchor  rods  were 
made  in  the  shape  of  a  U,  and  extended  down  through  the  brickwork 
and  for  3  feet  into  the  concrete.  At  the  north  end  of  the  viaduct  was 
built  a  small  masonry  pier  of  Romona  limestone.  This  pier  rested  on 
a  foundation  of  Portland  cement  concrete  10  feet  thick,  supported  by 
40  oak  piles,  which  extended  6  feet  up  into  the  concrete.  With  the 
exception  of  the  limestone  masonry,  this  work  was  all  done  by  the 
company's  men,  under  the  direction  of  the  Resident  Engineer. 

The  cost  of  pile  driving,  including  unloading  and  distributing  piles, 
and  all  fuel,  rope,  and  material  of  all  kinds,  was  21  *  cents  per  linear  foot. 
This  ratlier  high  cost  was  largely  due  to  delays  in  waiting  for  piles. 

The  cost  of  the  concrete  was  $8.48  per  cubic  yard,  including  all 
labor  and  material  and  the  necessary  forms  used.  This  cost  is  also  high, 
but  the  mixing  was  all  done  by  hand,  and  the  material  had  to  be  hauled 
a  long  distance.     It  was  carefully  put  in  and  it  can  be  relied  upon. 

The  timber  trestle  was  also  put  in  by  the  company's  men.  As  this 
trestle  was  to  be  filled  immediately,  the  specification  for  the  timber  was 
not  very  rigid,  no  objection  being  made  to  sap,  but  it  was  required  to  be 
sound  and  free  from  wane.  Soft  wood  piles  were  used.  With  this  excep- 
tion tlie  trestle  was  built  as  if  it  were  to  last  for  years,  and  was  veiy 
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thoroughly  braced,  both  longitudinally  and  transversely.  There  were 
1,437,763  feet  B.  M.  of  Southern  pine  timber  used  in  this  trestle,  97,552 
pounds  of  iron  and  35,220  linear  feet  of  piles. 

The  cost  of  unloading,  handling  and  driving  piles,  including  all 
material  and  labor,  except  the  cost  of  piles  themselves,  was  13.7  cents 
per  linear  foot. 

The  cost  of  unloading,  framing  and  erecting  timber,  including  all 
material  and  labor,  was  $7.42  per  M.  B.  M. 

In  addition  to  the  work  described  there  was  considerable  work  done 
on  shore  protection.  This  included  the  revetment  of  about  2,000  feet  of 
bank  above  the  bridge,  with  a  woven  willow  mattress,  which  was  from 
125  to  200  feet  in  width.  This  mattress  was  sunk  and  covered  with  rip- 
rap. Before  weaving  the  mattress,  the  bank  was  prepared  with  a  slope 
of  three  to  one,  the  excavation  being  done  by  hydraulic  grading  and 
the  power  being  furnished  by  the  Worthington  pump  on  the  steamer 
John  Bertram.  This  proved  a  very  satisfactory  and  economical  way  of 
doing  the  work,  and  I  regret  that  I  am  unable  to  give  any  exact  figures 
of  the  cost.  The  shore  protection  also  included  a  pile  dike,  about  1,100 
feet  long,  extending  down  past  and  outside  of  Pier  V.  The  piles  were 
driven  through  a  sill  mattress  100  feet  wide,  extending  75  feet  outside 
of  the  piles.  This  mattress  is  built  in  the  form  used  by  the  United 
States  Government  Engineers  on  the  lower  Mississippi  River,  being- 
composed  of  fascines  of  brush  between  frames  of  poles,  and  the  whole  is 
securely  fastened  with  wire.  This  dike  has  withstood  a  flood  which 
was  up  to  the  tops  of  the  stringers,  and  with  the  strongest  current  in  the 
river  running  along  it.  Those  familiar  with  the  Missouri  will  know 
that  without  the  sill  mattress  the  piles  would  not  have  stood  an  hour. 

The  first  engine  passed  over  the  bridge  on  December  27,  1893,  and 
the  structure  was  opened  for  traffic  on  March  4,  1894. 
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MEASUREME^ST  OF  AYATER. 


Report  to  tlic  Montana  Society  of  Civil  Engineers. 


By  a.  M.  Ryox,  Committee  on  the  Measurement  of  Water  for  Irrigation 

AND  Mining. 


[Read  November  10,  1891.] 

In  the  early  days  of  mining  and  farming  in  this  State,  as  in  others, 
some  easily  applied  approximate  method  for  the  measurement  of  water 
was  found  to  be  necessary;  for  this  purpose  an  orifice  of  prescribed 
dimensions  with  a  certain  head  was  agreed  upon,  and  the  flow  through 
the  opening  divided  by  the  area  of  the  opening,  expressed  in  inches, 
gave  what  is  culled  a  "miner's  inch."  So  long  as  rough  approxi- 
mations were  sufficient,  this  device  served  the  purpose;  but,  as  the 
demand  is  an  increasing  one  while  the  source  of  supply  is  practically 
constant,  the  time  will  come,  and  indeed  it  has  come  in  many  localities, 
when  a  more  accurate  measuring  device  will  be  needed  in  order  to 
insure  a  fair  and  economical  distribution  of  our  water.  Section  1,262 
of  the  Compiled  Statutes  of  Montana  reads  : 

"The  measurement  of  water  appropriated  under  this  chapter  shall 
be  conducted  in  the  following  manner :  A  box  or  flume  shall  be  con- 
structed with  a  head-gate  placed  so  as  to  leave  an  opening  of  six  inches 
between  the  bottom  of  the  box  or  flume  and  lower  edge  of  the  head-gate, 
with  a  slide  to  enter  at  one  side  of  and  of  sufiicient  width  to  close  the 
opening  left  by  the  head-gate,  by  means  of  which  the  dimensions  of  the 
opening  are  to  be  adjusted.  The  box  or  flun)e  shall  be  placed  level, 
and  so  arranged  that  the  stream  in  passing  through  the  aperture  is  not 
obstructed  by  back  water,  or  an  eddy  below  the  gate  ;  but  before  enter- 
ing the  opening  to  be  measured  the  stream  shall  be  brought  to  an  eddy, 
and  shall  stand  three  inches  on  the  head-gate  and  above  the  opening. 
The  number  of  square  inches  contained  in  the  opening  shall  be  the 
measure  of  inches  of  water." 

As  has  already  been  pointed  out  in  your  meeting  of  December,  1893, 
this  section  is  unsatisfactory. 

We  do  not  understand  exactly  what  is  meant  here  by  the  term 
"eddy,"  as  no  definition  of  that  word  will  fit  in  the  sentence  and  make 
sense.  If  it  is  intended,  as  many  suppose,  that  the  water  shall  be 
brought  to  a  standstill  before  passing  through  the  orifice,  we  have  an 
impossible  condition.  The  water  is  to  "stand  three  inches  on  the  head- 
gate  and  above  the  opening  ;  "  this  is  ambiguous.  An  engineer  would 
naturallv  conclude  that  the  measurement  was  to  be  taken,  as  is  cus- 
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tomary,  at  a  distance  of  several  feet  up  the  stream  from  the  opening, 
but  I  have  been  assured  by  a  lawyer  that  it  should  be  measured  directly 
above  the  opening;  although  just  how  this  measurement  can  be  accu- 
rately taken  is  not  apparent.  Our  experiments  show  that  on  an  opening 
about  forty-two  inches  long  the  depression  of  the  surface  of  the  water 
dix'ectly  over  the  opening  would  approximate  one-half  inch  more  or  less. 
This  was  determined  by  placing  a  straight  edge  on  the  surface  of  the 
water  at  that  point.  If  the  lowest  point  of  this  depression  measured 
three  inches  in  height  over  the  top  of  the  opening,  the  actual  head  would 
then  be  about  three  and  one-half  inches  instead  of  three  inches,  giving 
the  owner  of  250  inches  something  like  ten  per  cent,  the  advantage  over 
the  owner  of  say  50  or  100  inches. 

Nothing  is  said  regarding  the  thickness  of  the  plank  enclosing  the 
opening.  Our  observations  lead  us  to  believe  that  up  to  two  inches,  at 
least,  the  escaping  jet  touches  only  the  inner  edge  on  three  sides.  On 
the  upper  side  the  stream  is  in  contact  with  the  entire  thickness  of  the 
plank,  but  I  doubt  whether  any  perceptible  error  is  introduced  on  this 
account.  If  the  plank  is  made  sufficiently  thick  to  suppress  the  con- 
traction of  the  escaping  jet,  we  may  look  for  an  increased  discharge.  The 
same  increase  may  be  obtained  by  prolonging  the  edges  with  boards  so 
that  the  length  of  the  box  so  formed  shall  be  say  two  or  three  times  its 
least  dimension. 

The  law  does  not  specifically  prohibit  the  use  of  curved  entrance  to 
the  orifice,  and  this  we  know  would  increase  the  flow  to  a  very  marked 
extent.  If  the  ends  of  the  opening  coincide  with  the  sides  of  the  box, 
we  get  a  partial  suppression  of  the  contraction  of  the  escaping  jet  and 
consequently  an  increased  flow.  Lack  of  time  prevented  us  from  show- 
ing by  experiment  exactly  what  this  would  amount  to,  but  past  experi- 
ments on  weirs  show  that  this  suppression  is  a  very  important  factor  in 
increasing  the  discharge.  In  the  case  of  a  weir  two  feet  long  with  a 
head  of  six  inches  the  increase  would  be  about  five  per  cent.  AVhere 
conoidal  mouthpieces  have  been  used,  Francis  (Lowell  Experiments) 
obtained  a  coefficient  of  0.94  with  a  head  of  1.52  feet;  Unwin  (Philo- 
sophical Magazine,  October,  1878),  with  heads  of  from  0.98  foot  to  1.4 
feet,  obtained  coefficients  as  high  as  0.991,  almost  the  theoretical  How, 
an  increase  of  about  sixty-six  per  cent,  over  the  ordinary  rectangular 
opening;  Castel  (Annales  des  Mines,  1836),  with  heads  of  from  0.75  foot 
to  1  foot,  obtained  a  coefficient  of  0.956.  These  examples  are  mentioned 
merely  to  show  the  possibilities  which  attend  the  alteration  of  the  condi- 
tions under  which  the  discharge  takes  place,  and  to  impress  the  necessity 
of  defining  exactly  what  conditions  shall  be  adhered  to  when  appropri- 
ated water  is  to  be  measured. 

Although  many  experiments  on  the  flow  of  water  through  orifices. 
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notabl}'-  those  by  Lesbros,  Hamilton  Smith,  Jr.,  Ellis,  Francis,  Unwin, 
Steckel,  Bazin  and  Castel,  are  on  record,  the  majority  were  made  with 
circular  orifices,  and  none  of  them  are  suitable  for  obtaining  close  results 
under  the  conditions  prescribed  by  our  Montana  law.  My  experiments 
were  made  with  the  object  of  determining  the  amount  of  water  in  cubic 
feet  per  second  represented  by  a  miner's  inch,  measured  according  to  the 
Montana  statute,  through  openings  of  various  widths,  without  supression 
of  end  contractions,  and  to  deduce  a  series  of  coefficients  for  rectangular 
orifices  0.5  foot  high  and  of  variable  width,  with  a  head  of  0.5  foot  over 
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Fig.  1.    Plan  Showing  Arrangement  of  Apparatus. 
Scale,  1  inch  =  12  feet,  or  xii- 

the  center.  The  coefficients  so  deduced  are  to  be  used  in  the  formula 
Q,=c  a  (2gh)'^  The  experiments  were  intended  to  cover  a  range  of 
from  36  to  252  miner's  inches,  the  available  water  supply  not  allowing 
of  larger  measurements.  Owing  to  formation  of  waves  in  the  a{)proach- 
ing  water,  when  the  opening  exceeded  six  inches  wide  by  thirty  inches 
long,  all  measurements  made  on  larger  openings  than  this  were  rejected 
as  being  unreliable.  It  is  to  be  regretted  that  owing  to  the  shortness  of 
the  time  during  which  the  water  could  be  obtained,  this  difficulty  could 
not  be  remedied.  After  passing  through  the  orifice,  the  water  was  mea- 
sured by  passing  it  over  a  weir  two  feet  loug.     The  soil  in  the  channel 
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between  the  orifice  and  the  weir  consists  largely  of  clay,  and,  after  being 
soaked  with  water  for  several  days,  admits  of  practically  no  percolation. 
This  was  demonstrated  by  allowing  the  water  to  stand  in  the  channel 
above  the  orifice. 
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Fig.  2.    Mixer's  Inch  Orifice. 
Scale,  1  inch  =  4  feet,  or  ^^g. 

There  was  a  slight  leakage  in  the  box  enclosing  the  weir;  but,  as  it 
appeared  on  the  side  where  the  hook  gauges  were  located,  there  was  no 
difficulty  in  measuring  it  approximately  with  a  small  weir.  The  leak- 
age varied  from  0.0031  to  0.0087  cubic  foot  per  second,  acccording  to 
the  depth  on  the  weir,  and  was  added  to  the  flow  over  the  weir.  No 
difficulty  was  experienced  in  obtaining  smooth  water,  free  from  eddies, 
in  the  weir  box.     The  heads  were  measured  with  a  hook  o-aug-e  readinsf 
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Fig.  3.     Weir. 
Scale,  1  incli  =  4  feet,  or  Jj. 


to  0.001  of  a  foot  and  taken  at  points  six  feet  back  of  the  openings.  The 
weir  box  was  built  with  a  space  two  feet  square  on  the  side;  this  space 
is  to  be  used  in  the  future  for  holding  a  float  for  a  Carpenter  Register, 
and  is  separated  from  the  main  box  by  planking  carried  to  within  one 
inch  of  the  bottom.  The  head  was  taken  from  the  orifice  box  through 
a  hole  one  inch  in  diameter  bored  perpendicular  to  the  side,  about  six 
feet  back  of  the  orifice,  near  the  bottom,  and  communicating  with  the 
hook  gauge  through  a  galvanized  iron  pipe  three  quarters  of  an  inch  in 
diameter. 
6 
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All  attempt  was  made  to  imitate  as  far  as  possible  the  usual  prac- 
tice in  the  construction  and  use  of  a  miner's  inch  measuring  device. 
The  openings  for  the  orifice  measurements  were  made  by  placing  verti- 
cally planks  one  inch  thick  and  of  various  Avidths,  so  that  the  pressure 
of  the  water  would  hold  them  against  the  end  of  the  box.  The  end  of 
the  box  was  made  by  placing  two  planks,  two  inches  thick,  horizontally, 
with  a  space  of  six  inches  between  them  (as  shown  in  Fig.  2).  Owing 
to  a  slight  settlement  of  the  weir  box  when  it  contained  water,  levels 
were  taken  from  the  crest  to  the  hook  with  almost  every  reading. 

The  practice  of  taking  several  readings  within  a  stated  time  and 
reducing  them  to  a  mean  head,  was  not  followed  here  ;  but  we  allowed 
the  water  to  rise  very  slowly  on  the  orifice  hook,  regulating  the  rise  by 
the  waste  gate  Fig.  1.  Another  waste  gate  farther  up  the  stream  regu- 
lated the  flow  approximately. 
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Fig.  4.    Diagram  op  Results. 
Q   =  C  X  0.5  X  i  -/  '2gS.  \  Discharge  in  cubic  feet 

Q'  =  C  X  0.5  X  /  n/%  (jy-f  A„).  ^  per  second, 

v/  2jr  =  8.02. 

r=  40°  to  50°  Fahr. 
Jf  =  observed  head. 
h^^  =  liead  due  to  velocity  of  approacli. 
C  =  coeflicient. 

C  ^  coeflicient  corrected  for  velocity  of  approach. 
/  =  lengiii. 
The  numbers  shown  on  the  upper  curve  refer  to  tlie  dates  on  which  the  experi- 
ments were  made. 

The    observed    weir    heads  for    different    lengths    of   orifices   are 
plotted  in  Fig.  4,  and  a  curve  is  drawn  through  these  observed  heads. 
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All  calculations  for  flow  are  based  on  this  curve,  which  is  subsequently 
corrected  for  leakage  and  for  velocity  of  approach.  The  correction  for 
velocity  of  approach  was  made  as  follows:  h  ^=  H -\- 1.4  VI  ^^  2  g,  in 
which  i/=  observed  head,  T^a  =  velocity  of  approach  and  g  =  accelera- 
tion of  gravity.  Smith's  formula,  Q  =  c  I  I  (2  g  h)  -  h,  was  used,  A 
being  the  observed  head  H  plus  the  head  h^  causing  the  velocity  of 
approach. 

Smith's  curve  of  coefficients  for  a  weir  two  feet  long,  with  contrac- 
tions, was  drawn  from  data  principally  supplied  by  Fteley  and  Steam's 
experiments  with  a  weir  three  feet  long,  with  heads  from  0.6  foot  to 
0.95  foot ;  Francis'  experiments  with  a  weir  four  feet  long  with  heads 
from  0.7  foot  to  1  foot ;  Smith's  experiments  on  weir  two  feet  and  six 
inches  long  with  heads  from  0.6  foot  to  1.7  feet ;  and  Lesbros'  experiments 
on  a  weir  1.97  feet  long  with  heads  from  0.4  foot  to  1.4  feet.  These  ex- 
periments give  insufficient  data  for  a  very  precise  location  of  the  coeffi- 
cient curve  for  weirs  two  feet  long  with  heads  of  from  0.1  foot  to  0.5 
foot,  and  the  writer  believes  that  the  results  given  are  a  little  high, 
possibly  averaging  one-half  per  cent.,  as  in  deducing  a  curve  of  orifice 
coefficients  a  lack  of  uniformity  was  observed  between  those  places,  the 
results  being  higher  than  would  be  expected,  assuming  the  remainder  of 
the  deduced  curve,  which  was  fjiirly  uniform,  to  be  correct.  Francis' 
formula  between  these  heads,  on  the  contrary,  gave  results  somewhat 
lower  than  one  would  expect ;  but  Francis'  experiments  were  made  on 
longer  weirs,  and  it  is  not  claimed  that  his  formula  holds  good  for  short 
weirs,  especially  where  the  head  is  greater  than  one  (piarter  the 
length  of  the  weir.  Cippoletti  claims  that  Francis'  formula  gives  re- 
sults about  one  per  cent,  too  low. 

The  coefficient  curve  for  the  orifices  as  drawn  by  the  writer  there- 
fore lies  between  the  points  indicated  by  the  use  ofSmith's  formula  with 
his  weir  coefficients,  and  Francis'  formula  for  measured  heads  of  0.5 
foot  and  under,  while  it  coincides  with  the  points  indicated  by  Smith's 
formula,  where  the  measured  heads  were  above  0.5  foot.  To  insure  per- 
fect contraction,  according  to  Smith,  the  distance  from  the  ends  of  the 
weir  to  the  sides  of  the  box  should  be  at  least  oh,  while  a  distance  of  2h 
might  introduce  an  error  of  one-half  per  cent.  This  latter  condition 
is  fulfilled  in  measuring  water  coming  from  orifices  up  to  twenty-two 
inches  in  length.  The  distance  from  the  crest  of  the  weir  to  the  bot- 
tom of  the  box  was  1.24  feet.  The  weir  edges  were  made  of  two  inch 
by  one-sixteenth  iron  screwed  to  the  woodwork,  which  consisted  of 
two-inch  plank  firmly  braced.  The  temperature  of  the  water  was  be- 
tween 40°F.  and  50°F.  during  the  experiments;  and  (2gy-^,  corrected 
for  altitude  and  latitude,  was  taken  at  8.02. 

Fig.  4  shows  the  curve  of  observed  heads;  a  curve  of  (irifice  coeffi- 
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cients  without  allowance  for  the  head  producing  the  velocity  of  approach  ; 
a  curve  of  orifice  coefficients  deduced  for  a  head:  (  -ff  +  AJ  =  0.5  foot, 
aud  a  curve  indicating  the  total  discharge  in  cubic  feet  per  second  from 
the  orifices,  with  the  corrected  coefficients.  It  will  be  seen  that,  unless 
the  velocity  of  approach  is  considered  in  the  case  of  an  orifice  6  inches 
wide  aud  30  inches  long,  under  the  condition?  assumed,  an  increased 
flow  of  1.46  per  cent,  is  obtained;  this  amount  decreases  as  the  area  of 
the  orifice  decreases  in  proportion  to  the  area  of  cross-section  of  tha 
approaching  channel. 

Mr.  Hamilton  Smith,  Jr.,  made  three  exi)eriments  to  determine  the 
value  of  a  California  miner's  inch.  The  plank  used  was  3  inches  thick, 
and  was  beveled  to  1  inch  at  the  orifice.  The  contraction  touched  only 
the  inside  edge  aud  the  corners.  The  results  of  his  experiments  are 
given  below. 

Eureka  Lake  Standard  Orifice,  50  inches  long,  2  inches  wide,  6 
inches  head  above  top  of  opening.  Full  contraction.  Temperature  of 
water  about  65°.  (2(7)'-  =  8.018.  Size  of  opening:  length,  4.1667 
feet;  width,  0.16667  foot.  Head,  0  5833  foot.  Discharge  in  cubic  feet 
per  second,  2.618.     C  0.6156,  c  0.0161. 

Mr.  Smith  also  made  experiments  with  the  North  Bloomfield 
Standard  called  200  miner's  inches.  121  inches  long,  6  inches  head 
above  the  top  of  the  opening,  12  inches  wide,  plank  0.12  foot  thick, 
temperature  about  50°,  with  the  following  results: 


Lcnatli 
1 


1.0(325 


Width 


Hc;h1.  Disolmrgf, 

H  =  li  cu.  It.  jKT  sei'. 


5.045 


0.5922 


0.5988 


The  coefficients  C  and  c  are  used  in  the  following  formulas  re- 
spectively: Q  =  C  {2gliy-^  I  IV  and  Q  =  c  I  I  (2-  g)h  (i7„  i  —  HI), 
m  =  h  -\-ir  ~2  and  H,  =  h  —  tv  ^  2. 

Following  is  given  a  table  of  the  results  obtained  from  the  writer's 
experiments  made  at  Bozeman,  October,  18!)4; 
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Determination  of  Value  of   Montana  Statute  Miner's  Inc  ii. 
Thickness  of  Plank  at  the  Opening,  2  Inches. 


(2r/)  =  8.02.     Temperature  of  water  40°-50°  F.      Q=Ci  2gh)' 
hv,  h  =  H  -\-  h^  =  0.5  foot. 
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The  hook  gauge  iudicated  a  head  (77)  ^  0.5  foot  in  the  orifice 
box  when  the  readings  on  the  weir  gauge  were  taken,  but  the  actual 
head  in  the  orifice  box  was  H  +  the  head  due  to  veh)city  of  approach, 
taken  as  h^  =  1.4  V^  -f-  "Ig.  The  value  of  C  was  deduced  for  a  liead, 
h^=  H  -\~  h\,;  this  value  of  (7  was  then  inserted  in  the  formula  Q  ^  C 
(2^/t)'-  Z  uMvhen  h^  0.5  foot  and  a  value  for  (/  found,  which  is  the 
value  given  in  the  table. 

conclusions. 

The  statute  apparently  assumes  that  a  person  appropriating  180 
miner's  inches  gets  five  times  as  much  water  as  a  person  appropriating" 
36  miner's  inches.  As  might  be  expected,  our  experiments  show  that 
this  is  not  a  true  ratio.  As  a  matter  of  fact,  as  will  be  seen  from  the 
table,  the  former  gets  about  5.64  per  cent,  more  water  per  unit  of  area  of 
orifice  than  the  latter. 

Your  committee  believes  that  fairer  and  more  satisfactory  results 
would  follow  if  the  standard  of  measurement  were  expressed  in  cubic 
feet  per  second  irithoiit  reference  fo  the  method  of  lueaxiireiiienf.  Tiie 
probable  result  of  this  would  be  that  weirs  would  rapidly  disphice  all 
other  devices  where  accuracy  was  desired. 
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The  euclosed  form  of  Act  is  submitted  for  the  approved  of  the 
Society,  and  we  recommend  that  the  Legislature  be  asked  to  adopt  it. 

We  have  many  experiments  on  the  flow  of  water  over  weirs,  and 
there  is  no  trouble  in  obtaining  results  that  can  be  relied  upon  as  being 
correct  within  one  per  cent.  The  weir  has  a  further  advantage  over 
orifices  in  effecting  a  saving  of  head  in  diverting  water  for  measuring 
purposes.     This,  in  some  cases,  is  a  matter  of  considerable  importance. 

Permanent  records  of  fluctuating  heads  may  be  kept  by  using  au 
automatic  registering  device  of  the  Carpenter  pattern.  This  I  believe 
to  be  an  important  matter.  If  canal  companies  and  joint  owners  would 
use  weirs  with  recording  registers,  I  believe  that  much  of  the  prevailing 
friction  between  neighbors  would  be  done  aAvay  with.  These  registers 
can  be  purchased  in  Denver  for  about  $20. 

In  selecting  a  value  to  represent  a  minei''s  inch  of  water,  your  com- 
mittee would  suggest  that,  providing  the  law  giving  present  appropria- 
tors  a  water-right  expressed  in  miner's  inches  be  repealed,  if  2.5  cubic 
feet  per  second  were  considered  an  ecpiivalent  for  100  miner's  inches* 
5  cubic  feet  per  second  an  equivalent  for  200  miner's  inches  and  so  on, 
uo  injustice  would  be  done  anyone.  We  would  then  be  able  to  do  what 
is  now  almost  impossible;  namely,  to  collect  fairly  reliable  data  relating 
to  the  duty  of  water  used  for  irrigation.  As  matters  stand  at  present  we 
are  told  by  certain  parties  that  they  use  so  many  inches  of  water  so 
many  times  per  season,  in  order  to  irrigate  a  given  area  of  land.  Ordi- 
narily we  do  not  know  how  much  water  that  represents,  and  we  have  no 
means  of  finding  out.  If  a  weir  with  a  registering  device  were  used,  a 
glance  at  the  card  would  tell  the  whole  story.  It  would  also  show 
whether  the  appropriator  was  getting  more  or  less  than  his  share. 

The  Experiment  Stations  would  gladly  furnish  cards  showing  the 
flow  over  weirs  for  different  depths.  In  fact,  Prof.  L.  G.  Carpenter,  of 
the  Colorado  Station,  at  Fort  Collins,  has  already  done  so,  both  for  rec- 
tangular weirs  and  for  the  Cippoletti  weir. 

The  latter  weir  has  sides  which  are  inclined  from  the  vertical  1  in  1- 
This  form  of  weir  was  designed  for  theVilloresi  Canal,  projected  in  1881 
by  the  Province  of  Milan,  Italy,  by  Cesar  Cippoletti. 

Cippoletti  attempted  to  perfect  a  design  for  a  weir  which  would 
measure  the  discharge  with  an  error  not  to  exceed  5  per  cent,  and  at  the 
same  time  to  retain  the  simple  formula  Q=  Clh  ih)'-'-  The  value  of  C 
he  determined  to  be  a  (;onstant  =  o.S'L  Cippoletti's  weir  has  been  in  use 
for  about  ten  years  in  Italy,  and  has  given  general  satisfaction. 

^lessrs.  Flinn  and  Dyer  have  published  the  results  of  their  experi- 
ments on  the  Cippoletti  weir  in  the  Transactions  of  the  American  Society 
of  Oivit  Engineers,  July,  1894.  These  experimenters  conclude  that  a 
properly  constructed  Cippoletti  weir  will  give  results  correct  within  one 
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per  cent.  We  believe  that  no  better  form  of  weir  can  be  selected  by 
irrigators.  For  the  measurement  of  large  bodies  of  water  where  the 
construction  of  a  weir  is  impracticable,  straight  measuring  flumes 
similar  to  those  used  by  Mr.  Mead,  State  Engineer  for  Wyoming,  and 
Mr.  Clemens  Herschel's  venturi  meter,  are  suitable. 

AN  ACT 
establishing  a  standard   of  measurement   for  water,  defining  the   equivalent  of  a 

miner's  inch  and  repealing  Section  1262,  Division  5,  of  the  Compiled  Statutes 

of  the  State  of  Montana  and  all  conflicting  laws. 

Be  it  enacted  by  the  Legislative  Assembly  of  the  State  of  Montana  : 

Sec.  1.  Hereafter  a  cubic  foot  (7.48  gallons)  of  water  per  second  of  time  shall 
be  the  legal  standard  for  the  measurement  of  water  in  this  state. 

Sec.  2.  Where  water-rights  expressed  in  miner's  inches  have  been  granted, 
one  hundred  miner's  inches  shall  be  considered  equivalent  to  a  flow  of  two  and 
one-half  cubic  feet  (18.7  gallons)  per  second;  two  hundred  miner's  inches  shall  be 
considered  equivalent  to  a  flow  of  five  cubic  feet  (37.4  gallons)  per  second,  and  this 
proportion  shall  be  observed  in  determining  the  eciuivalent  flow  represented  by  any 
number  of  miner's  inches. 

Sec.  3.  Section  1262,  Division  5,  of  the  Compiled  Statutes  of  the  State  of 
Montana,  and  any  laws  in  conflict  with  this  Act  are  hereby  repealed. 
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Members  of  the  associated  societies,  and  other  persons,  are  invited  to  send  to  the  Secretary,  for 
this  department  of  the  Journal,  such  matters  of  general  interest  as  may  come  to  their  notice. 


AVelcouie  ! 


In  the  Journal  for  December,  1894,  tlie  Box  liad  the  pleasure  of  announcing 
the  decision  of  tlie  Western  Society  of  P3ngineers  to  continue  its  membership  in 
the  Association  of  Engineering  Societies. 

With  equal  pleasure  we  now  turn  to  welcome  two  societies  just  admitted  to 
membership,  the  Denver  Society  of  Civil  Engineers  and  the  Association  of  Engi- 
neers of  Virginia,  numbering  respectively  twenty-five  and  thirty-seven  members. 

Each  society  added  to  our  roll  increases  the  value  of  the  Journal,  not  only  to 
the  members  of  the  societies  participating,  but  to  tlie  profession  at  large,  and  thus 
tends  to  increase  its  circulation  and  importance. 

The  Box  entertains  no  doubt  that  the  cooperation  of  the  societies  in  question 
will  redound  to  their  advantage  as  well  as  to  that  of  the  Association. 


Our  Societies  and  the  Legislators. 


In  The  Library  for  the  current  month  we  liave  referred  to  tlie  work  of  our  new 
member,  the  Association  of  Engineers  of  Virginia,  in  shaping  legislation  by  secur- 
ing the  passage  of  a  new  building  law  by  the  city  of  Roanoke,  Va.,  in  accordance 
with  a  draft  submitted  by  the  Association. 

As  will  be  seen  by  the  proceedings  of  the  January  meeting  of  the  Association, 
printed  in  this  number,  that  body  has  also  interested  itself  in  the  matter  of  a  law 
looking  to  the  improvement  of  the  roads  of  the  State. 

The  Montana  Society  has  similarly  brought  its  pressure  to  bear  upon  the 
legislature  of  that  State  in  behalf  of  laws  respecting  tiie  regulation  of  water  measure- 
ment, tlie  duties  and  compensations  of  county  surveyors,  and  the  improvement  of 
roads.  Professor  Ryon's  report  upon  the  measurement  of  water,  with  a  copy  of  the 
proposed  act,  is  printed  in  the  present  number,  and  under  the  proceedings  of  the 
society  is  given  an  account  of  its  efforts  in  the  otiier  two  directions  itamed. 

As  we  go  to  press  we  learn  that  the  Legislature,  which,  it  is  significantly  re- 
marked, was  "  elected  to  elect  United  States  Senators"  has  indefinitely  postponed 
the  consideration  of  all  three  of  the  bills  submitted.  The  society,  however,  nothing 
daunted  by  this  frosty  reception  of  its  efibrts  for  the  public  good,  proposes  to  keep  up 
"  a  fight  ail  along  the  line  for  the  next  three  years." 


The  Federated  Institution  of  Mining-  Engineers. 

Co-operation  among  engineering  societies  is  not  confined  to  this  side  of  the  water. 
The  institution  whose  name  appears  at  the  head  of  tliis  article  comprises  now  six 
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important  societies  hsiving  their  headquarters  mostly  in  the  north  of  England  and 
in  Scotland.  Founded  in  1889,  it  began  operations,  like  our  own  Association,  with 
but  four  societies,  but  these  four  boasted  a  combined  membership  of  about  1200. 
The  six  societies  now  federated  show  a  total  membership  of  over  2000. 

The  scheme  of  federation  is  in  many  respects  quite  different  from  that  of  our 
own  Association.  The  several  societies  publish  separately  their  own  transactions, 
and  the  work  of  the  institution  is  not  confined,  as  in  our  case,  to  the  j.ublication  of 
papers,  bnt  extends  also  to  the  holding  of  general  meetings. 

Mr.  M.  Walton  Brown,  secretary  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  with  headquarters  at  Newcastle-upon-Tyne,  is  secretary 
also  of  the  Federated  Institution,  and  to  him  we  are  indebted  for  interesting  infor- 
mation respecting  its  scope  and  work,  as  well  as  for  a  copy  of  a  report  upon  Flame- 
less  Explosives  by  a  committee  of  the  North  of  England  Institute.  This  report,  of 
sixty-nine  pages  and  one  lithograph  plate,  is  the  result  of  an  elaborate  series  of 
experiments  with  various  explosives  and  appliances  connected  with  shot-firing, 
made  as  nearly  as  possible  under  the  conditions  obtaining  in  a  mine. 

The  experimental  station  is  at  Hebburn-upon-Tyne,  and  is  supplied  with 
natural  gas  derived  from  a  blower  in  the  workings  of  the  Hebburn  colliery,  about 
500  yards  distant. 

The  labors  of  the  committee  resulted  not  only  in  the  report  before  us,  but  in  a 
formidable  array  of  papers  upon  various  subjects  more  or  less  intimately  connected 
with  the  investigation,  contributed  by  members  of  the  committee  and  published  in 
the  Transactions  of  the  Federated  Institution  of  Mining  Engineers. 


Annual  lleport  of  tlie  Clialrniaii. 


The  attention  of  our  readers  is  called  to  the  Annual  Report  of  the  Chairman 
of  the  Board  of  Managers  of  the  Association,  printed,  under  the  Proceedings,  in 
this  number  of  the  Journal. 

The  Chairman's  review  of  the  history  of  the  Association  will  be  of  interest  to 
all,  and  especially  to  the  members  of  the  newly  admitted  societies. 

The  report  of  progress  for  the  year  just  past  shows  a  very  considerable  increase 
in  the  volume  of  the  JouBNAL,  with  corresponding  increase  in  the  receipts  and 
expenditures. 

Under  Prospects  for  the  Future,  the  Chairman  discusses  projects  recently  re- 
newed, lookiug  to  the  establishment  of  a  more  intimate  union  between  the  societies 
of  the  Association,  projects  which  we  shall  hope  to  see  more  fully  discussed  in  this 
department. 


Tlie  Articles  of  Association. 


In  this  number  is  presented  also  a  copy  of  the  Articles  of  Association,  which 
constitute  our  fundamental  law. 

From  time  to  time,  amendments  to  these  articles  have  been  submitted  to  the 
societies  by  the  Board  of  Managers,  but  these  have  uniformly  failed  of  the  neces- 
sary ratification,  and  the  articles  therefore  remain  to-day  as  they  were  adopted  at 
the  first  meeting  of  representatives  of  the  four  original  societies,  held  in  Chicago, 
December  4,  1880. 
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Trolley  Eiiglisli. 


In  the  Contribution  Box  for  February,  1894,  under  the  heading,  "As  She  is 
Printed,"  we  gave  the  following,  taken  from  the  transfer  ticket  of  a  Philadelphia 
street-car  line  : 

"This  Transfer  Ticket  is  given  only  to  persons  entering  car  on  Pine  Street,  and 
asks  for  and  receives  same  at  time  of  payment  of  Cash  Fare.  Otherwise  the  Con- 
ductor is  not  permitted  to  give  it." 

A  pocket-guide  to  the  trolley  and  otiier  street-cars  of  the  same  city,  recently 
issued,  contains  the  following  caution  : 

"  Owing  to  the  starting  of  new  lines,  and  change  of  schedules,  the  information 
below  is  as  near  correct  as  possible." 


THE  LIBRARY. 


It  is  proposed  to  notice  briefly,  in  this  department  of  the  Journal,  such  engineering  publications 
as  may  find  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  works  for  review,  to  state  the  prices  of  same. 


Tlie  Eiigiueei"  and  Contractor.  Mr.  Ernest  McCulIough,  C.  E., 
Member  of  the  Teclinical  Society  of  the  Pacific  Coast,  wiiose  treatise  on  Public 
Works  we  briefly  noticed  in  tlie  Library  for  December,  appears  as  the  managing 
editor  of  this  new  engineering  weekly,  whose  first  number  appeared  January  -1, 
1895. 

It  is  an  eight-page  sheet  devoted  primarily  to  tlie  interests  of  western  engi- 
neers, and  one  of  its  principal  aims  is  to  present,  for  the  benefit  of  engineering  con- 
tractors, the  latest  information  respecting  construction  work  in  that  section.  An 
illustrated  paper  on  the  diverting  dam  of  the  Peoria  Canal  Co.,  by  Mr.  H.  Clay 
Kellogg,  Member  Tech.  Soc.  Pac  Coast,  begins  with  the  first  number  and  runs  into 
the  foiu'th,  where  it  is  announced  that  "  the  next  number  will  give  a  general  idea 
of  the  manner  in  which  the  work  is  prosecuted,  and  some  statement  of  cost."  No.  5> 
however,  brings  the  sad  intelligence  of  the  failure  of  this  dam,  with  severe  editorial 
strictures  upon  the  manner  in  which  the  work  was  done,  and  particularly  upon  the 
policy  of  the  management  in  dispensing  with  the  services  of  tlie  engineers  before 
the  dam  was  quite  completed. 

Mr.  C.  E.  Grunsky,  C.  E.,  contributes  a  paper  on  Public  Works  in  American 
Cities,  read  before  the  Political  Science  Club  of  the  University  of  California,  and 
Mr.  Otto  von  Geldern,  Secretary  Tech.  Soc.  Pac.  Coast,  one  on  Macadamized 
Roadways. 

It  is  to  be  hoped  that  the  promise  of  this  new  journal  that  "  in  tone  it  will  be 
quiet,"  will  not  be  carried  out  too  literally. 

City  Roads  and  Pavements  suited  to  Oswego,  New  York.     By  William 

Pierson  Judson,  M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  E.    Oswego,  N.  Y.:  K.  J.  Oli- 

phant,  1894.    60  pages. 

While  this  work,  as  indicated  in  its  title,  is  prepared  with  special  reference  to 
the  needs  of  the  city  of  Oswego,  it  is  believed  that  it  will  find  application  in  many 
other  cities  of  this  country. 

Chapter  I  is  devoted  to  the  local  conditions  obtaining  in  Oswego;  Chapter  II 
to  a  brief  discussion  of  the  claims  of  diflerent  systems  of  paving  ;  and  Chapter  III- 
VIII  to  a  more  detailed  consideration  of  their  several  advantages  and  disadvantages- 

The  author  reaches  the  conclusion  that  sheet  asphalt,  laid  upon  the  old  stone 
pavements  as  a  foundation,  is  best  suited  for  the  main  business  streets  of  heaviest 
traffic  ;  block  sandstone  upon  a  6-inch  concrete  base,  for  the  main  business  streets 
with  grades  steeper  than  3  per  cent. ;  vitrified  brick  upon  a  6-inch  base  for  semi- 
business  streets  and  thorouglifares,  and  sheet  asplialt  for  resident  streets  where 
there  is  much  driving. 

The  work  is  very  handsomely  got  up  and  is  profusely  illustrated  with  photo- 
graphs and  with  colored  iithograpiis  of  the  different  forms  of  construction.  The 
inadvisability  of  using  broken  cobblestones  for  foundation  is  well  illustrated  in  one 
of  the  latter. 
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City  of  Portland,  Maine.  Annual  report  of  the  City  Engineer  for  tlie 
year  1893-1894.  By  Mr.  George  N.  Fernakl,  City  Engineer. 
The  extent  to  which  tiie  question  of  sanitation  is  engrossing  the  minds  of  the 
dwellers  in  cities  is  indicated  by  the  fact  that  by  far  the  larger  part  of  this  report  is 
taken  up  with  the  discussion  of  matters  pertaining  to  sewerage.  Nearly  a  mile  of 
sewers  was  constructed  during  the  year  covered  by  tlie  report,  and  the  city  now  has 
a  total  of  more  than  40  miles. 

Tlieoretieal  IMeclianics.  An  Elementary  Treatise  on  — .  By  Alex- 
ander Ziwet,  Assistant  Professor  of  Mathematics  in  the  University  of  Mich, 
igan.  Part  III:  Kinetics;  236  pages ;  5.}  x  9  inches.  New  York:  McMillan 
&  Co.,  and  London,  1894.     Price,  $2.25. 

This  is  the  third  volume  of  the  series,  of  which  tlie  first  two  parts,  on  Kine- 
matics and  on  Statics,  respectivly,  were  noted  in  the  September  Journal,  and  is 
altogether  in  keeping  with  them.  The  larger  portion  of  the  present  volume  is 
taken  up  by  Chapters  V  and  VI,  treating  respectively  of  the  kinetics  of  a  particle 
and  the  kinetics  of  a  rigid  body.  The  motion  of  a  variable  system  is  briefly  treated 
in  Chapter  VII. 

Genessee  River  Storajsre  Project.      Final  Report  on  — .     By  George 

W.  Rafter,  Engineer  in  Charge.     Albany,  1894. 

The  prominent  feature  of  this  report  is  the  account  of  tests  of  174  12-ineli  con- 
crete cubes,  made  chiefly  with  a  view  to  determining  the  effect  of  the  character  of 
the  stone  and  sand  used  in  the  concrete  and  the  availability  of  American  cements. 
The  results  are  contained  in  an  elaborate  table,  giving  the  final  compressive  stress, 
and  that  at  which  the  first  crack  appeared,  and  in  most  cases  the  observed  compres- 
sion of  the  block. 

From  the  results  of  his  tests  the  author  concludes  that  the  strongest  concretes 
are  secured  when  the  volume  of  the  mortar  is  very  little,  if  any,  in  excess  of  the 
voids,  as  measured  before  compacting,  or  even  a  little  less. 

The  tests  were  made  upon  the  great  testing  machine  of  the  Pluenix  Bridge 
Works,  at  Phoenixville,  Pa. 

Selvage  Disposal.     A  Discussion  of  the  Prevailing  Rules  and  Prac- 
tices relating  to  — .     By  Wynkoop  Kiersted,  C.E.,  M.  A.  S.  C.  E.     New 
York :  John  Wiley  &  Sons.     1894.     182  pages,  5  x  7  inches.     Price  $1.25. 
The  extent  to  which  the  subject  of  sewage  disposal  is  interesting  the  public 
mind  may  be  gathered  from  the  appearance,  in  rapid  succession,  of  treatises  upon 
the  subject.     In  the  Journal  for  November,  we  noticed  the  works  of  Messrs.  War- 
ing and  Rafter.     We  now  have  before  us  this  little  book  by  Mr.  Kiersted,  member 
of  the  Engineers'  Club  of  Kansas  City,  whose  paper  upon  Water  Supplies  appeared 
in  the  Journal  for  January  last. 

Mr.  Kiersted  advocates  what  may  be  called  the  natural  or  vital  purification  of 
sewage,  namely,  that  by  dilution  or  by  discharge  into  running  streams,  holding  that 
if  this  is  properly  regulated  as  to  amount  and  character,  and  if  the  water  is  after- 
ward properly  treated  by  filtration,  no  injury  need  be  wrought  thereby. 

This  method  is  therefore  given  the  place  of  honor  in  the  work,  but  the  methods 
by  irrigation,  by  intermittent  filtration,  and  by  chemical  precipitation,  are  also 
discussed. 

Curiously  enough,  the  work  is  printed  in  short  forms  upon  long  pages,  giving 
what  apjiears  to  be  an  ininecessarily  deeji  margin  at  the  foot  of  each  page. 
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Massacliiisetts  State  Board   of  Healtli.     Twenty-fifth  Annual 

Report  of ,  for  1893-     Boston,  1894. 

The  excellent  work  of  this  Board  has  made  it  world-famous,  and  its  leports  are 
looked  npon  as  among  the  most  valuable  of  contributions  to  the  literature  of  sani- 
tation. In  addition  to  the  matter  usually  treated  of,  the  present  report  contains 
papers  upon  the  amount  and  character  of  organic  matter  in  soils,  and  its  bearing 
upon  the  storage  of  water  in  reservoirs,  by  Thomas  M.  Drown,  M.D.,  chemist  of  the 
Board ;  Experiments  upon  the  Purification  of  Sewage  and  Water  at  the  Lawrence 
Experiment  Station  during  1893,  by  George  W.  Fuller,  Biologist  in  charge  ( 143 
pages)  ;  the  Chemical  Precipitation  of  Sewage  at  the  World's  Columbian  Exposi- 
tion, Chicago,  1893,  by  Allen  Hazen,  Chemist,  Department  of  Water  Supplies, 
Sewage  and  Fire  Protection ;  and  Isolation  Hospitals  for  Infectious  Diseases,  by  S. 
W.  Abbott,  M.D.,  Secretary  of  the  Board.  The  last-named  paper  is  illustrated  by 
plans  of  the  hospitals  at  Cambridge,  Ealing,  and  London,  England,  Blegdam's  Hos- 
pital, Copenhagen,  and  with  designs  for  a  small   isolation  hospital. 

Mr.  Ira  F.  Mills  describes  the  iilter-bed  installed  during  the  present  year  at 
Lawrence,  Mass ,  as  the  result  of  the  work  of  the  Board  in  connecti(m  with  the 
investigations  made  at  its  experiment  station  there.  The  bed,  finished  in  Sep- 
tember, 1893,  covers  an  area  of  2j  acres,  supplies  water  for  about  47,000  persons, 
and  cost  about  $67,000.  Very  frequent  examinations  of  the  water  show  that  98 
per  cent,  of  all  the  bacteria  in  the  river-water  applied  to  tlie  filter  are  removed 
directly  by  it,  and  that  only  one-half  of  1  per  cent,  and  those  of  varieties  not 
known  to  be  in  any  way  injurious  to  health,  finally  reach  the  persons  using  the 
water.  For  the  three  months  of  October,  November  and  December,  the  average 
deaths  from  typhoid  fever  in  Lawrence,  during  the  five  years  preceding  1893,  aver- 
aged eighteen,  while,  in  1893,  or  after  the  introduction  of  the  filter,  only  four 
deaths  occurred  from  that  disease  during  the  same  three  months. 

Concrete  JJridge  over  tlie  Danube  at  Munderkliig'eu.      [Be- 

tonbriicke  iiber  die  Donau  bei  Munderkingen.)     Stuttgart,  1894. 

This  arch,  with  164  feet  (50  meters)  span  and  16.4  feet  (5  meters)  rise, 
spanning  the  Danube  with  one  opening,  is  of  concrete  composed  of  one  part  Port- 
land cement  from  the  Ehingen-Blaubeuren  works  in  Upper  Swabia,  two  and  one- 
half  parts  river  sand  and  five  parts  river  gravel,  both  of  the  latter  from  the 
Danube. 

In  order  to  render  tiie  structure  statically  determinate,  and  also  to  prevent 
injurious  stresses  under  changes  of  temperature,  the  arch  is  jointed  at  the  crown 
and  at  the  springs.  As  the  bridge  is  on  a  skew  of  15  degrees,  the  twelve  boxes  con- 
stituting each  joint  are  set  one  in  advance  of  the  next,  across  the  width  of  the  arch. 
After  the  completion  of  the  arches,  the  joint-boxes  were  loosely  filled  with  cement 
mortar,  to  prevent  them  from  rusting.  This,  it  is  claimed,  does  not  interfere  with 
the  distribution  of  the  stresses. 

On  the  left  side  of  the  arch  the  intrados  is  struck  with  a  radius  of  213  feet 
(65  meters)  ;  but  that  on  the  right  is  struck  with  a  radius  of  230  feet  (70  meters) 
for  two-thirds  of  the  distance  from  the  crown  to  the  skewback,  and  with  a  radius  of 
151  feet  (46  meters)  for  the  rest  of  the  distance. 

The  cross-section  of  the  arch  rib  sustains  a  maximum  pressure  of  about  thirty- 
four  tons  per  square  foot. 

The  total  average  settlement  of  the  crown  was  about  4J  inches  (116  mm.). 
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Tlie  lireat  Arclied  Bridges  of  the  Royal  State  RailTvay  Staii- 
islaii- AVoronienka.  (Die  BauvoUendung  der  grossen  gewcMbten 
Briicken  der  k.  k.  Staatsbalin  Stanislau-Woronienka.)  By  Liidwig  Huss, 
Vienna.  1894.  Pamphlet,  8  pages.  Reprint  from  Zeitschriftdes  Oesterr.  In- 
genieur-  und  Arcliitekten-Vereins,  Nr.  46.     1894. 

Of  the  two  arclies  liere  mentioned,  both  of  which  span  tlie  River  Pruth,  in 
Galicia,  that  at  Jaremcze  lias  a  span  of  65  meters,  or  213  feet,  and  is  believed  to 
exceed,  in  this  respect,  any  other  stone  railway  bridge  in  the  world.  The  first 
train  passed  over  these  bridges  October  26,  1894,  and  on  the  11th  of  the  following 
month  they  were  tested  with  a  load  of  three  locomotives,  which  produced  no  deflec- 
tion.    The  pampiilet  is  illustrated  with  photographic  views  of  the  bridges. 

An  Ordinance  to  Provide  Regulations  Covering  tlie  Erec- 
tion of  Buildings  In  the  City  of  Roanoke,  Ta.  Compiled  by 
the  Engineers'  Association  of  Virginia.  Approved  June  23,  1894.  Roanoke,  Va. 
1894.     Pamphlet,  20  pages. 

This  pamphlet  is  a  gratifying  evidence  of  tiie  esteem  in  which  the  advice  of 
the  Association  in  question  is  held  by  the  mtmicipalities  of  its  State,  and  we  trust 
it  may  be  taken  also  as  indicating  a  growing  disposition  on  the  part  of  our  legisla- 
tors to  look  to  such  organizations  for  advice  in  matters  pertaining  to  their  several 
spheres. 

The  ordinance  provides  that  plans,  specifications  and  statements  of  material 
shall  be  submitted  to  the  City  Engineer  before  construction  is  begun,  and  it  is  made 
the  duty  of  that  official  to  examine  the  condition  of  all  buildings  undergoing  altera- 
tions or  being  erected  within  the  city  limits,  and  to  serve  notice  upon  contractors  or 
builders,  and  upon  owners  or  architects,  of  structures  which  he  may  deem  unsafe. 

The  report  wisely  devotes  a  page  or  two  to  definitions  of  the  terms  employed. 
Diagrams  are  given  showing  prescribed  thicknesses  of  walls,  arrangements  of 
plumbing  and  drainage,  etc. 

lie  Canadian  Pacific  Rail\vay.  By  MM.  L.  Pcrisse  &  A.  V.  Roy.  Paris 
10  Cite  Rougement.  1894.  Reprint  from  Memoires  de  la  Societe  des  In- 
genieurs  Civils  de  France. 

The  authors  here  give  the  result  of  a  very  careful  study  of  the  system  under 
consideration,  made  during  their  visit  to  this  country  in  1893.  The  location,  con- 
struction and  operation  of  the  road  are  described  in  considerable  detail,  and  the 
paper  is  illustrated  by  two  plates  showing  the  i)lan  and  profile  of  the  line,  with 
illustrations  of  bridges  and  other  structures,  and  of  rolling  stock. 

Spannungs-Ernilttcliinj;-  iind  Stellnng  der  Tragei'quer- 
schnlttc  fvir  Bicgungsinoinentc,  >velchc  nacli  Grosse  und 
Richtung  vcrjuidcrlich  sind.  (Determination  of  the  Stresses  and 
Cross-Section  of  Beams  subject  to  Bending  Moments  \"arying  in  Amount  and 
in  Direction.)  By  Professor  G.  Barkhausen,  of  Hanover. — Reprint  from 
Ci'ntndblatt  der  BauverwaUung. 

The  author,  finding  the  methods  in  use  for  the  purpose  liere  indicated  more  or 
less  deficient  in  certain  respects,  proposes  here  a  method  which,  he  claims,  requires 
no  special  preparation  upon  the  part  of  the  reader,  which,  under  all  cirsumstances, 
permits  an  exact  solution  of  the  problem  in  hand,  and  which  facilitates  a  general 
view  of  the  relations  obtaining  in  the  given  case. 

The  process  consists  in  di-awing,  in  tlie  cross-section  for  tlie  danger  points,  lines 
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representing  the  stresses  which  wonld  obtain  if  a  bending  moment  =  1  gradually 
described  an  angle  of  360°  with  reference  to  the  cross-section. 

The  method  is  illustrated  by  two  examples  showing  its  application  to  purlins 
of  double  channel  section  and  Z  section  respectively. 

3Iasoiiry  Dams,  The  Design  of  —  (Berechnung   der  Staumauern).    Von 

Franz  Kreuter,  ord.  Professor  der  Ingenieurwissenschaften  an  der  Konigl. 

Bayerischen  Technischen  Hochschule  in  Miinchen.     Berlin  :    1894.     Wilhelm 

Ernst  &  Sohn.     Pamphlet,  12  pages. 

The  autlior  here  elaborates  his  method  for  the  design  of  masonry  dams,  as 
somewhat  more  briefly  outlined  in  his  paper  published  in  the  Proceedings  of  the 
Institution  of  Civil  Engineers,  Vol.  CXV.  The  right-angled  triangle  with  vertical 
back  is  taken  as  thesimplest  among  those  cross-sections  which  give  uniform  stability 
throughout,  and  the  method  consists  in  finding  the  necessary  modifications  for 
transforming  this  ideal  section  into  one  adapted  to  the  conditions  of  practice. 

The  cross-section  is  divided  horizontally  into  four  parts,  the  uppermost  of 
which  is  rectangular.  The  width  of  this  portion  is  supposed  to  be  determined  by 
local  conditions,  and  its  height  is  made  equal  to  the  product  of  the  width  by  the 
square  root  of  the  specific  gravity  of  the  masonry. 

The  portion  next  below  is  trapezoidal,  with  height  equal  to  that  of  the  top 
portion,  and  bottom  width  1.7  times  its  top  width,  the  latter  being  of  course  the 
same  as  the  uniform  width  of  the  top  portion. 

The  two  remaining  parts  have  curved  profiles,  and  their  equations  are  much 
less  simple. 

Society  Proceedings. 

Engineers' Society  of  Western  Pennsylvania.     Proceedings  of . 

November,  1894.  Vol.  X,  No.  9. 
This  number  contains  a  paper  of  ten  pages,  by  Mr.  Daniel  Ashworth,  on 
Losses  in  Boiler  Practice  and  Some  of  their  Causes.  The  author  claims  that  the 
losses  in  question  are  due  less  frequently  to  insufficient  theoretical  knowledge  than 
to  neglect  of  the  obvious  requirements  of  good,  every-day  practice  in  the  boiler-room 
itself,  a  neglect  evidenced  by  such  defects  as  cracked  furnace-walls,  the  fouling  of 
tubes,  the  accumulation  of  scale,  etc. 

December,  1894.     Vol.  X,  No.  10. 
Wr.  William  A.  Bole  discusses  Losses   in    the  Steam    Engine,  arguing  that 
about  five-sixths  of  the  heat  re<iuired  in  producing  steam  are  wasted  in  the  exhaust. 
In  the  Proceedings  of  the  Chemical  Section,  Mr.  Francis  C.  Phillips  describes 
Some  Uses  of  Hydrogen  Peroxide  in  Analytical  Chemistry. 

January,  1895.     Vol.  XI,  No.  1. 

Thisnumber comes  to  hand,  not  "  as  we  go  to  press"  but  as  we  are  nearly 
coming  off.  It  contains  the  proceedings  of  the  15th  annual  meeting,  held  in 
Allegheny,  Pa.,  January  17,1895.  President  Davis,  in  his  annual  address,  con- 
fines himself  chiefly  to  the  engineering  interests  of  Pittsburg  and  its  vicinity. 

The  Treasurer's  report  for  the  year  ending  January  17,  1895,  shows  an  ex- 
penditure, for  "printing  and  binding,"  of  $1,388.50.  The  total  number  of  pages 
in  the  volume  for  the  year,  including  papers,  advertisements,  blanks,  cover,  etc., 
was  352,  making  the  cost,  for  a  membership  of  about  450,  $3.94  per  page. 

Assuming  that  these  figures  include  composition,  corrections,  paper,  presswork, 
illustrations  and  binding,  we  find  that,  for  the  same  items,  the  cost  of  the  Journal 
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OF  THE  Association  op  Exgineering  Societies,  with  an  average  aggregate 
membership,  during  1894,  of  about  1200,  was  but  $3.26  per  page,  or  more  than  one- 
sixth  less,  notwitlistanding  tliat  our  pages,  of  tiie  form  used  for  papers,  etc.,  contain 
more  tiuin  one-third  more  matter,  to  say  nothing  of  a  large  number  of  small-type 
pages  in  the  Journal  containing,  of  course,  a  quantity  of  matter  much  greater 
still  and  costing  much  more  for  composition. 

The  comparison  merely  illustrates  the  economy  that  may  be  etlected  by  co- 
operation in  this  as  in  other  matters. 

Engineers'  Club  of  Philadelphl\,  January,  1895.     Vol.  XI,  No.  5. 

Dr.  Henry  Leffmann  discusses  the  timely  subject  of  the  Filtration  of  Public 
Water  Supplies  ;  and  Mr.  George  A.Bullock,  Chief  of  the  City  Bureau  of  High- 
ways, describes  recent  progress  in  Philadelphia  in  the  matter  of  liighway  improve- 
ment. Mr.  Frederick  H.  Lewis  contributes  a  set  of  Specifications  for  Portland 
Cements  and  Cement  Mortars,  with  a  valuable  paper  discussing  them  ;  and  Mr. 
John  L.  Gill,  Jr.,  maker  of  the  Gill  safety  tubular  boiler,  describes  and  illustrates 
the  remarkable  and  disastrous  explosion  of  a  battery  of  thirty-six  plain  cylinder 
boilers  at  Shamokin,  Pa.,  on  October  11,  1894.  Following  the  practice  of  the  Pro- 
ceedings, the  pages  and  the  photograpliic  views  of  the  wreck  are  headed  with  the 
legend  "Gill — Boiler  Explosions,"  giving  the  uninitiated  the  impression  that  the 
paper  and  the  photographs  refer  to  an  explosion  of  Gill  boilers,  which,  it  is  need- 
less to  say,  was  quite  foreign  to  Mr.  Gill's  intention. 

In  the  proceedings  of  the  meeting  of  November  17th  is  reported  the  discussion 
upon  the  invitation  extended  to  the  Club  to  confer  witii  this  Association  with  a 
view  to  membership  therein,  a  discussion  which  unfortiuiately  resulted  in  the  Club's 
declining  the  invitation. 

Journal  op  the  New  England  Water  Works  Association.  Quarterly. 
December,  1894.     Vol.  IX,  No.  2.     70  pages. 

This  number  contains,  among  other  valuable  papers.  Notes  on  European 
Water  Supplies,  by  Mr.  Allen  Hazen,  read  before  the  Boston  Society  of  Civil 
Engineers,  and  one  by  Mr.  George  Bowers,  City  Engineer  of  Lowell,  describing 
experiments  with  tube  wells  in  that  city,  and  based  upon  a  discussion  of  the 
subject  before  the  same  society. 

Mr.  Wm.  Paul  Gerhard,  C.  E.,  discusses  the  Water  Service  and  Fire  Pro- 
tection of  Theatres.  Mr.  George  F.  Chase  describes  the  Laying  of  a  16-inch 
Main  across  a  Rocky  Mill  Stream  and  over  a  Dam.  Mr.  J.  C.  Whitney  con- 
tributes a  paper  on  the  Care  of  a  Water  Meter,  and  Mr.  R.  C.  P.  Coggeshall, 
Secretary  of  the  Association,  describes  a  Portable  Platform  to  Aid  in  Excavating 
Trenches.  The  number  closes  with  the  Association's  valuable  table  of  statistics 
for  the  year  1893,  in  which  are  embraced  twenty-one  New  England  towns  and  the 
cities  of  Troy  and  Yonkers,  N.  Y. 
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Ai'ticles  of  Association. 

Tlie  following  Articles  of  Association  were  adopted  at  a  meeting  held  in 
Chicago,  December  4,  1880.  At  this  meeting  there  were  present  representatives 
of  the 

Western  Society  of  Engineers, 

Civil  Engineers'  Club  of  Cleveland, 

Engineers'  Club  of  St.  Louis; 
and  tiie 

Boston  Society  of  Civil  Engineers 
was  represented  by  letter. 


For  the  purpose  of  securing  the  benefits  of  closer  union  and  the 
advancement  of  mutual  interests,  the  engineering  societies  and  clubs 

hereunto  SUBSCRIBING,  HAVE  AGREED  TO  THE  FOLLOWING 

ARTICLES  OF  ASSOCIATION. 

ARTICLE  L 

NAME   AND    OBJECT. 

The  name  of  this  Association  shall  be  "  The  Association  of  Engineering 
Societies."  Its  primary  object  shall  be  to  secure  a  joint  publication  of  the  papers 
and  transactions  of  the  participating  societies. 

ARTICLE  II. 

organization. 

Section  1.  The  affairs  of  the  Association  shall  be  conducted  by  a  Board  of 
Managers  under  such  rules  and  by-laws  as  they  may  determine,  subject  to  the 
specific  conditions  of  these  articles.  The  Board  shall  consist  of  one  representative 
from  each  society  of  one  hundred  members  or  less,  with  one  additional  representa- 
tive for  each  additional  one  hundred  members,  or  fraction  thereof  over  fifty.  The 
members  of  the  Board  shall  be  appointed  as  each  society  shall  decide,  and  shall 
hold  office  until  their  successors  are  chosen. 

Sec  2.  The  oflBcers  of  the  Board  shall  be  a  chairman  and  secretary,  the  latter 
of  whom  may  or  may  not  be  himself  a  member  of  the  Board. 

ARTICLE  III. 

DUTIES   OF   OFFICERS. 

Section  1.  The  Chairman,  in  addition  to  his  ordinary  duties,  shall  countersign 
all  bills  and  vouchers  before  payment  and  present  an  annual  report  of  the  transac- 
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tions  of  the  Board ;  wliich  report,  togetlier  witli  a  synopsis  of  the  other  general 
transactions  of  the  Board  of  interest  to  members,  shall  be  published  in  the  Journal 
of  the  Association. 

Skc.  2.  The  Secretary  shall  be  the  active  business  agent  of  the  Board  and  shall 
be  appointed  and  removed  at  its  pleasure.  He  shall  receive  a  compensation  for  his 
services  to  be  fixed  from  time  to  time  by  a  two-thirds  vote.  He  shall  receive  and 
take  care  of  all  manuscript  copy  and  prepare  it  for  tiie  press,  and  attend  to  the 
forwarding  of  proof-sheets  and  the  proper  printing  and  mailing  of  tlie  publications. 
He  shall  have  power,  with  the  ap[)roval  of  any  one  member  of  the  Board,  to  return 
manuscript  to  the  author  for  correction  if  in  bad  condition,  illegible,  or  otherwise 
conspicuously  deficient  or  unfit  for  publication.  He  shall  certify  to  the  correctness 
of  all  bills  before  transmitting  them  to  the  chairman  for  countersignature.  He 
shall  receive  all  fees  and  moneys  paid  to  the  Association  and  hold  the  same  under 
such  rules  as  the  Board  shall  prescribe. 

ARTICLE  IV. 

PUBLICATIONS. 

Section  1.  Each  society  shall  decide  for  itself  what  papers  and  transactions  of 
its  own  it  desires  to  have  published  and  shall  forward  the  same  to  the  Secretary. 

Sec.  2.  Each  society  shall  notify  the  Secretary  of  the  minimum  number  of 
copies  of  the  joint  publications  which  it  desires  to  receive,  and  shall  furnish  a  mail- 
ing-list for  the  same  from  time  to  time.  Copies  ordered  by  any  society  may  be  used 
as  it  shall  see  fit.  Payments  by  each  society  shall  in  general  be  in  proportion  to 
the  number  of  copies  ordered,  subject  to  such  modification  of  the  same  as  the  Bo:ird 
of  Managers  may  decide,  by  a  two-thirds  vote,  to  be  more  equitable.  Assessments 
shall  be  quuterly  in  advance,  or  otherwise,  as  directed  by  the  Board. 

Sec.  o.  Tiie  publications  of  the  Association  shall  be  open  to  public  subscription 
and  sale,  and  advertisements  of  an  appropriate  character  shall  be  received,  under 
regulations  to  be  fixed  by  tiie  Board. 

Sec.  4.  The  Board  sliall  have  autliority  to  print  witli  the  joint  publications 
such  abstracts  and  translations  from  scientific  and  professional  journals  and  society 
transactions,  as  may  be  deemed  of  general  interest  and  value. 

ARTICLE  V. 

CONDITIONS   OF   PARTICIPATION. 

Section  1.  Any  society  of  Engineers  may  become  a  member  of  this  Associa- 
tion by  a  majority  vote  of  the  Board  of  Managers,  upon  payment  to  the  Secretary 
of  an  entrance  fee  of  fifty  cents  for  each  active  member,  and  certifying  tiiat  these 
Articles  of  Association  have  been  duly  accepted  by  it.  Other  technical  organiza- 
tions may  be  admitted  by  a  two-thirds  vote  of  the  Board,  and  payment  and  subscrip- 
tion as  above. 

Sec.  2.  Any  society  may  withdraw  from  this  Association  at  the  end  of  any 
fiscal  year  by  giving  three  months  notice  of  such  intention,  and  shall  then  be 
entitled  to  its  fair  proportion  of  any  surplus  in  the  treasury,  or  be  responsible  for 
its  fair  proportion  of  any  deficit. 

Sec.  3.  Any  society  may,  at  the  pleasure  of  the  Board,  be  excluded  from  this 
Association,  for  non-payment  of  dues  after  tliirty  days  notice  from  the  Secretary 
that  sucli  payment  is  due. 


ANNUAL  REPORT  OF  THE  CHAIRMAN.  99 

ARTICLE  VI. 

AMENDMENTS. 

Tlie-ie  articles  may  be  atneiuled  by  a  miijority  vote  of  the  Board  of  Managers, 
and  subsequent  approval  by  two-tliirds  of  the  participating  societies. 

ARTICLE  VII. 

TIME    OF    GOING    INTO    EFFECT. 

These  articles  shall  go  into  effect  whenever  they  shall  have  been  ratified  by 
tiiree  societies,  and  members  of  the  Board  of  Managers  appointed.  The  Board  shall 
then  proceed  to  organize,  and  the  entrance  fee  of  fifty  cents  per  member  shall  then 
become  payable. 


These  articles  were  adopted  by  the  several  societies  upon  the  following  dates : 

Engineers'  Club  of  St.  Louis,  .Tanuary  5,  1881. 
Civil  Engineers'  Club  of  Cleveland,  January  8,  1881. 
Boston  Society  of  Civil  Engineers,  January  19,  1881. 
Western  Society  of  Engineers,  April  5,  1881. 

The  Board  of  Managers  was  organized  at  Cleveland,  January  11,  1881. 

The  following  societies  have  since  certified  their  acceptance  of  the  Articles, 
and  have  become  members  of  the  Association  of  Engineering  Societies  : 
Engineers'  Club  of  Minneapolis,  July,  1884. 
Civil  Engineers'  Society  of  St.  Paul,  Minn.,  December,  1884. 
Engineers'  Club  of  Kansas  City,  Janu.Try,  1887. 
Montana  Society  of  Civil  Engineers,  April,  1888. 
Wisconsin  Polytechnic  Society,  June,  1892. 
Denver  Society  of  Civil  Engineers,  January  24,  1895. 
Association  of  Engineers  of  Virginia,  February  1,  1895. 

The  Wisconsin  Polytechnic  Society  withdrew  from  the  Association  in  March, 
1894. 


Annual  Keport  of  tlie  ('haii'inan  of  tlie  Board  of  Managers. 


St.  Louis,  January  31,  1895. 
To  the  Members  of  the  Board  of  Managers  of  the  Association  of  Engineering  Societies. 

Gentlemen  : — In  submitting  to  the  Board  of  Managers,  and  to  the  members  of 
the  societies  now  belonging  to  the  Association,  my  first  annual  report,  I  think  it  is 
desirable  to  present  a  short  review  of  the  history  of  the  Association.  More  especially 
is  this  necessary  since  two  new  societies  have  recently  joined  the  Association,  and 
their  members  are  unfamiliar  with  its  past  history. 

I.  Historical  Review,  to  December,  1893. 

The  Association  of  Engineering  Societies  was  first  proposed  about  May,  1880, 
by  the  Civil  Engineers'  Club  of  Cleveland,  Ohio,  Mr.  A.  M.  Wellington,  a  member 
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of  that  club,  being  tlie  principal  leader  in  the  movement.  After  some  correspond- 
ence with  various  local  societies,  committees  were  appointed  by  the  Boston  Society 
of  Civil  Engineers;  the  Western  Society  of  Engineers,  of  Ciiicago;  the  Engineers' 
Club  of  St.  Louis,  and  the  Civil  Engineers'  Club  of  Cleveland;  and  the  committees 
of  the  three  societies  last  named  met  for  the  first  time  on  December  4,  1880,  in 
Chicago,  for  the  purpose  of  preparing  articles  of  association.  There  were  present, 
at  this  meeting,  Messrs.  Benezette  Williams  and  L.  P.  Morehouse  from  the  Western 
Society  ;  M.  E.  Ransom  and  A.  M.  Wellington  of  the  Cleveland  Club,  and  Professor 
Charles  A.  Smith  of  the  St.  Louis  Club.  The  Boston  committee  was  represented 
by  letter  only.  Mr.  John  W.  Weston,  of  the  Western  Society,  was  present  by  invi- 
tation. This  committee  prepared  the  present  Articles  of  Association,  which  are  re- 
printed in  this  number  of  the  Journal.  These  Articles  were  adopted  by  the  Engi- 
neers' Club  of  St.  Louis,  on  January  5,  1881  ;  by  the  Civil  Engineers'  Club  of 
Cleveland,  on  January  8,  1881  ;  by  the  Boston  Society  of  Civil  Engineers,  January 
19,  1881,  and  by  the  Western  Society  of  Engineers,  on  April  5,  1881.  By  this 
action,  four  local  societies  joined  together  for  the  purpose  of  sustaining  a  joint 
monthly  publication  of  their  proceedings. 

The  addresses  issued  by  this  committee  at  the  time  of  the  submission  of  the 
Articles  of  Association,  so  clearly  define  the  objects  then  in  view,  and  so  clearly 
express  the  sentiments  of  the  present  chairman  in  regard  to  the  future  development 
of  the  Association,  that  he  here  transcribes  a  portion  of  that  address  as  expressing 
also  his  own  hopes  and  those  which  have  commonly  been  held  by  the  Board  of 
Managers. 

"  The  Association  has  been  called  into  being  by  no  narrow  spirit.  Many  of  its 
promotors  believe  tliat  local  engineering  societiis  should  be  established  and  fostered 
in  every  center  of  population  where  the  engineering  profession  is  sufficiently  strong 
to  support  one  ;  thus  bringing  each  member  within  the  easiest  possible  reach  of  iiis 
society.  They  also  believe  that  these  local  societies  should  be  brought  into  affiliation 
by  some  association  with  a  wider  sphere  of  action,  by  means  of  which  common 
purposes  may  be  executed,  and  through  which  their  energies  may  be  stimulated  to 
high  professional  aims. 

"  While  many  have  been  actuated  by  this  broad  spirit,  the  co-operation  of  these 
widely-separated  societies  has  been,  perhaps,  mainly  secured  through  a  desire  to 
effect  an  interchange  of  professional  papers.  To  this  desire  the  first  number  of  the 
Journal  op  the  Association  may  be  said  to  owe  its  origin. 

"  May  we  not  hope  that  this  act  of  co-operation  is  merely  the  initial  stage  in  the 
development  of  an^organization  from  which  more  than  the  interchange  of  papers 
will  be  realized,  and  for  which  we  may  reasonably  predict  a  great  future? 

"We  surely  indulge  the  belief  that  the  Articlesof  Association  were  not  only 
begotten  in  a  generous  spirit,  and  are  not  only  founded  upon  correct  principles,  but 
that  they  possess  sufiicient  vitality  and  adaptability  to  permit  growth  in  any  direc- 
tion which  experience  may  indicate  as  desirable;  that  by  wise  counsel  and  the 
cultivation  of  a  professional  ei<prit  de  corps,  an  organization  will  ultimately  be 
evolved  from  this  beginning  which  will  perform  a  work  not  now  being  done  by  any 
association  in  the  land  ;  a  work  beneficial  to  the  participating  societies  as  societies, 
and  to  every  engineer  who  desires  a  better  tone  and  higher  standing  for  the  engi- 
neering profession. 

''  In  sayingthis  we  are  not  unmindful  of  the  imperfections  whicli  are  known  to 
exist  in  the  plan  of  organization,  and  of  the  probable  existence  of  still  other  defects 
which  are  not  now  so  apparent. 
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"  We  do  not,  however,  believe  these  defects  to  be  fatal.  We  think  that  any 
tendency  endangering  the  prosperity  or  usefulness  of  the  Association  can  be  coun- 
teracted  by  the  adoption  of  measure-;  which  come  fully  within  the  scope  of  action 
prescribed  by  the  articles  under  which  the  Association  exists. 

''  On  behalf  of  the  participating  societies,  the  Board  of  Managers  ask  for  the 
Association  and  its  publication  the  earnest  support  of  its  friends,  and  the  candid 
consideration  of  those  to  whom  the  wislom  of  its  creation  has  not  as  yet  been  made 
manifest. 

"  They  also  appeal  to  kindred  societies  for  their  co-operation,  hoping  thereby  to 
establish  a  medium  for  the  intercliange  of  professional  literature  which  will  be 
enduring;  and  to  create  an  Association  which,  by  a  unity  of  professional  interests, 
will  be  perpetual  in  its  benefits." 

For  many  years  no  other  local  societies  joined  the  Association.  There  was  a 
time  when  it  was  difficult  to  secure  a  sufficient  amount  of  matter  to  maintain  the 
monthly  publication  in  a  creditable  form.  In  the  first  volume  of  the  Journal 
the  transactions  and  proceedings  of  each  of  the  four  societies  were  printed  separately, 
with  their  individual  society  headings.  This  was  done  to  satisfy  a  sort  of  local 
pride  which  these  several  societies  had  in  seeing  their  matter  placed  distinct  and 
apart  from  that  coming  from  other  societies.  It  made  an  awkward  arrangement, 
however,  to  have  the  societies'  proceedings  scattered  through  the  montiily  num- 
bers in  this  manner,  and  after  the  first  volume  the  custom  was  abandoned,  and  the 
papers  were  printed  in  one  portion  and  the  proceedings  in  another  portion  of  each 
monthly  number  without  attempting  to  keep  separate  those  of  the  several  societies. 
It  has  always  been  customary,  however,  to  indicate,  at  the  beginning  of  each  paper, 
the  society  before  which  it  was  read. 

The  following  societies  afterwards  joined  tiie  Association: 
The  Engineers'  Club  of  Minneapolis,  July,  1884. 
The  Civil  Engineers'  Society  of  St.  Paul,  Minn.,  December,  1884. 
The  Engineers'  Club  of  Kansas  City,  January,  1887. 
The  Montana  Society  of  Civil  Engineers,  April,  1888. 
The  Wisconsin  Polytechnic  Society,  June,  1892. 
Tiie  society  last  named  withdrew  from  the  Association  at  the  end  of  March, 
1894,  and  since  then  eight  societies  have  participated  in  the  work  of  the  Association. 
When  the  Association  was  organized,  the  total  membership  of  the  four  societies 
participating  was  less  than  500. 

Meetings  of  the  Board  have  been  lield  at  irregular  intervals.  The  following  are 
the  dates  of  all  the  meetings  of  the  Board  since  the  organization  of  the  Association, 
with  references  to  their  records  as  printed  in  the  Journal  : 

First  meeting,  Cleveland,  June  11,  1881.     Vol.  I,  page  5. 
Second  meeting,  New  York,  September,  4,  1884.     Vol.  Ill,  page  329. 
Third  meeting,  Chicago,  April  15,  1887.     Vol.  VI,  page  215. 
Fourth  meeting,  Chicago,  December  3  and  4,  1889.     Vol.  VIII,  page  589. 
Fifth  meeting,  Chicago,  September  11,  1891.     Vol.  X,  page  511. 
Sixth  meeting,  Chicago,  August  1,  2  and  3,  1893.     Vol.  XII,  page  380. 
While  necessary  expenses  of  the  members  of  the  Board,  incurred  especially 
for  attendance  on  these  meetings,  have  been  paid  from  special  assessments  levied 
upon  the  participating  societies,  the  meetings  have  usually  been  held  at  such  places 
and  times  as  to  render  these  e.xpenses  as  light  as  possible.     During  tlie  past  year 
the  Board  has  transacted  a  considerable  amount  of  business  by  correspondence,  and 
while  this  is  less  satisfactory  than  the  holding  of  meetings,  if  is  also,  of  course, 
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very  much  less  expensive,  and  it  is  usually  found  adequate  to  the  transaction  of 
routine  business. 

The  business  arrangement  for  the  publication  of  the  Journal  has  varied  from 
time  to  time.  From  November,  1881,  to  April,  1887,  the  Journal  was  published 
by  the  B  )ar J  of  Managers,  who  were  responsible  for  all  bills  incurred.  During 
this  time  the  Journal  was  printed  by  Messrs.  Atkin  and  Prout,  of  New  York  City, 
nnder  a  contract  for  composition,  paper  and  presswork,  and  mailing,  all  bills  being 
approved  by  the  Chairman  of  the  Board.  During  this  time  the  Secretary  of  the 
Board  was  Col.  H.  G.  Prout,  a  member  of  the  firm  named.  PVom  April,  1887,  to 
April,  1890,  the  JouiiNAL  was  published  by  the  Railroad  Gazette,  under  a  standing 
contract,  by  which  the  Association  paid  the  Gazette,  §3. 00  per  annum  for  each  copy 
of  the  Journal  sent  to  members  of  the  participating  societies,  while  the  Gazette 
received  all  other  sums  realized,  including  the  receipts  from  outside  subscribers, 
from  advertisements  and  from  sales. 

The  Gazette  further  agreed  to  print,  of  each  number,  50  per  cent,  more  copies 
than  were  required  to  supply  the  mailing  list.  Of  these  extra  copies,  such  as  were 
not  sold  were  to  be  turned  over  to  the  Board  at  the  termination  of  the  contract. 
This  arrangement  was  made  because  Col.  Prout  had  become  editor  of  the  Railroad 
Gazette,  and  could  no  longer  act  as  Secretary  of  the  Board.  By  this  arrangement 
the  work  formerly  done  by  the  Secretary,  at  a  salary  of  $600  a  year,  was  to  be  done 
by  the  Railroad  Gazette  without  further  compensation. 

This  arrangement  for  the  publication  of  the  Journal  proved  satisfactory,  and 
no  controversy  ever  arose  as  to  the  quantity  of  matter  published,  or  as  to  the  char- 
acter or  amount  of  tlie  illustrations  accompanying  the  papers.  At  the  meeting  of 
the  Board,  held  in  December,  1889,  the  publication  of  the  Journal  was  let  to  Mr, 
Joiin  W.  Weston,  then  editor  of  the  American  Enginetr,  Chicago,  on  a  basis  exactly 
similar  to  that  of  the  contract  with  the  Railroad  Gazette,  except  that  the  atmual 
assessment  was  made  $2.75  instead  of  $3.00  per  annum.  This  contract  ran  for 
nearly  two  years,  or  until  the  close  of  Volume  X,  in  December,  1891.  From  that 
time  on,  the  Journal  has  been  published  by  the  Board,  as  at  first,  the  Board  pay- 
ing all  bills  and  employing  a  secretary  at  $600  per  annum. 

On  one  or  two  occasions,  the  Board  of  Managers  has  prepared  amendments 
to  the  Articles  of  Association,  having  in  view  the  enlargement  of  the  scope  and 
province  of  the  Association.  Such  amendments  can  become  a  part  of  the  Articles 
of  Association  only  on  their  formal  adoption  by  a  majority  of  the  Societies  compos- 
ing it.  In  default  of  such  action  by  the  Societies,  the  Articles  of  Association 
remain  as  they  were  originally  adopted,  and  they  are  so  printed  in  the  present 
number  of  the  Journal. 

At  the  meeting  of  the  Board  of  Managers  held  in  Chicago,  August,  1893,  certain 
rules  governing  the  action  of  the  Board  were  adopted.  In  accordance  with  these, 
its  officers  can  be  elected  by  letter  ballot,  and  without  necessitating  a  meeting  of  the 
Board.  Tiie  terms  of  office  of  the  Chairman  and  of  the  Secretary  were  made  two 
years,  and  the  transaction  of  business  by  correspondence  was  recommended.  These 
rules  were  p  iblished  in  Volume  XII  of  the  Journal,  page  381. 

The  propriety  of  the  publication,  by  the  Bjard,  of  tlie  Index  to  Current  Tech- 
nical Literature  has  been  called  in  question  during  tiie  past  year  by  some  of  the 
Societies,  and  not  only  the  advisability  of  such  publication,  but  also  the  authority 
of  the  Board  to  conduct  it,  has  been  challenged.  The  history  of  this  department 
is  as  follows  : 

At  the  second   meeting  of  the    lioard,  held   in  New  York,  September  4  and  5, 


ANNUAL  REPOKT  OF  THE  CHAIRMAN.  103 

1884,  the  present  Chairman  of  the  Board,  being  then  the  representative  for  tlie 
Engineers'  Chib  of  St.  Louis,  proposed  to  prepare  the  matter  for  such  a  department 
if  the  Board  would  consent  to  its  publication.  He  was  then  engaged  upon  the 
preparation  of  an  Index  Rernra  for  his  own  use,  and  saw  the  desirability  of  making 
more  accessible  for  ready  reference  the  vast  mass  of  journalistic,  society  and  frag- 
mentary engineering  literature  which  was  then  coming  before  the  profession.  As 
an  experiment,  the  Board  agreed  to  publish  this  matter  for  one  year,  and  the  writer 
fulfilled  his  part  of  the  contract  and  prepared  the  necessary  notes,  doing  the  work 
without  compensation  other  than  the  receipt  of  the  exchanges  of  the  Journai,. 
The  work  of  pi-eparing  the  notes  proved  to  be  very  onerous,  and  required  a  large 
amount  of  time,  and  at  the  end  of  the  year  the  writer  agreed  to  do  the  work  for 
another  year  for  tiie  sum  of  $175,  in  addition  to  the  exchanges,  tiiese  latter  being 
rated  by  him  at  a  cash  value  of  $25  per  annum  for  permanent  preservation.  The 
experiment  had  proved  a  great  success,  so  far  as  the  readers  of  the  Journal  were 
concerned,  and  many  new  subscribers  had  been  olitained  by  reason  of  the  publica- 
tion of  these  notes.  The  Board  therefore  voted  unanimously  to  continue  this 
department  and  to  pay  the  price  named  for  preparing  the  notes.  The  writer  did 
the  work  for  the  second  year  himself,  receiving  slight  assistance  from  a  few  public- 
spirited  engineers  who  sent  him  some  notes  which  he  would  not  otherwise  have 
obtained.  While  he  has  repeatedly  requested  tlie  Board  to  assist  him  in  getting 
rid  of  this  burden,  no  one  has  as  yet  been  found  who  was  willing  to  undertake  the 
responsibility  for  the  compensation  which  the  Board  has  continued  to  make,  namely, 
$175  per  annum  and  the  exchanges.  Since  the  second  year,  therefore,  the  under- 
signed has  paid  out,  for  such  assistance  in  the  preparation  of  these  notes  as  he  has 
been  able  to  obtain,  the  full  amount  received  from  the  Board  for  this  department. 
Most  of  the  work  has  still  been  done  in  his  office,  by  himself  and  his  iinniediate 
assistants,  and  this  is  the  situation  at  the  present  time.  At  all  tlie  meetings  of  the 
Board  held  since  the  inauguration  of  this  department,  it  has  been  unanimously  voted  to 
continue  the  publication  of  these  notes  at  the  rate  named,  and  in  the  absence  of  other 
volunteers  the  writer  has  been  requested  to  continue  in  charge  of  this  department. 
Tlie  question  of  abandoning  the  department  has,  during  the  present  year,  been 
submitted  by  letter  to  the  members  of  the  Board,  and  but  two  votes  have  been 
registered  against  its  continuance.  TJiis  department  partly  pays  for  itself  in 
the  increased  number  of  subscribers  which  it  brings  to  the  Journal  and  in 
the  better  facilities  which  it  affords  for  the  display  of  advertisements.  If  an 
Index  Department  was  needed  ten  years  ago,  mucii  more  is  it  needed  to-day,  and 
this  demand  has  been  recognized  in  various  technical  lines  by  the  starting  of  other 
indexes  of  technical  literature.  That  published  by  the  Enghu'ering  3I(i(j(tzine 
is  now  vei-y  complete,  but  it  lacks  tiiat  which  characterizes  the  Index  published  in 
this  Journal,  namely,  a  note  appended  to  each  item,  and  prepared  by  a  competent 
engineer,  describing  the  scope,  significance  and  value  of  the  article  indexed.  Hence, 
while  it  is  far  more  complete  than  the  one  published  in  the  Journal,  it  fails  to 
give  that  information  which  enables  one  consulting  it  to  decide  whether  or  not  it 
would  be  worth  his  while  to  consult  or  obtain  a  copy  of  the  article.  This  is  ex- 
actly the  mental  query  which  the  Index  notes  in  the  Journal  are  designed  to 
answer.  Furthermore,  the  Index  published  in  the  Journal  has  the  great  advan- 
tage of  an  alphabetical  arrangement,  and  of  annual  recumpilation  luider  a  sirujle 
alphabetical  arrangement.  While  our  notes  make  no  pretense  of  being  "  complete," 
it  is  believed  that  they  contain  nearly  all  that  is  valuable  in  the  line  of  civil  en- 
gineering, and  much  in  the  lines  of  electrical  and   mechanical   engineering,  in  the 
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English  language,  and  some  of  that  in  the  French  and  German.  I  helieve  the 
nearly  unanimous  opinion  of  the  readers  of  the  Journai,  is  that  this  department 
is  well  worth  all  it  costs,  and  that  its  abandonment  would  be  a  misfortune.  If  the 
undersigned  had  not  felt  that  this  were  true,  he  would  long  since  have  given  up 
the  work. 

Some  misapprehension  appears  to  exist  respecting  the  conditions  under  which 
the  bound  volume  of  the  Index  notes  was  published  a  few  years  ago.  At  that 
time  the  Index  Department  had  been  conducted  for  seven  years,  and  seven  annual 
index  summaries  had  been  issued.  To  consult  these,  one  was  obliged  to  look 
through  seven  different  alphabetical  lists,  and  it  was  thought  that  there  was  a 
sufficient  demand  to  warrant  the  republication  of  these  seven  annual  summaries  in 
one  new  alphabetical  arrangement,  to  be  published  in  book-form,  cloth  bound. 
The  then  Chairman  and  Secretary  of  the  Board,  together  with  the  undersigned, 
discussed  the  matter  by  correspondence,  acting  however,  as  members  of  the  Board. 
It  was  decided  that  if  as  many  as  five  hundred  subscribers  could  be  obtained  for 
such  a  volume,  at  $2.50  each,  the  Board  could  afford  to  proceed  with  the  work. 
Circulars  were  therefore  sent  out,  and  after  about  three  hundred  and  fifty  subscribers 
had  been  secured,  so  much  time  had  been  lost  that  it  was  thought  best  not  to  wait 
any  longer,  for  fear  the  matter,  by  age,  would  lose  in  value.  At  this  time  it  was 
supposed  that  a  considerable  profit  would  result  from  such  a  publication,  and  this 
profit  would  have  gone  into  the  treasury  of  the  Board.  The  Chairman  and  Secre- 
tary felt,  therefore,  that  it  was  safe  to  order  the  compilation  made,  and  tlie  under- 
signed immediately  set  to  work  to  prepare  the  matter.  This  proved  to  be  a  greater 
work  than  was  anticipated,  since  it  was  found  necessary  to  make  an  entire  re-ar- 
rangement of  the  headings,  and  to  supplement  fully  with  cross-references.  As  there 
were  over  11,000  of  the^e  notes,  each  of  which  had  to  be  cut  out  and  pasted  on  a 
separate  card,  and  as  all  of  tiiem  had  then  to  be  re-arranged,  often  with  new  head- 
ings written  in  and  with  all  the  necessary  cross-references  added,  the  work  con- 
sumed considerable  time,  and  was  somewhat  expensive.  Tiie  cost  of  composition 
also  was  excessive,  as  three  fonts  of  type  were  in  continuous  use,  and  high  prices 
had  to  be  paid  for  competent  compositors.  Furthermore,  in  order  to  sell  the  copies 
wiiicli  had  not  been  subscribed  for,  a  large  outlay  became  necessary  in  the  way  of 
printing,  postage  and  clerk  iiire,  in  order  to  bring  the  volume  to  the  attention  of 
engineers.  The  undersigned  took  his  pay  entirely  in  published  volumes,  and 
succeeded  in  placing  about  one  hundred  and  fifty  copies,  all  told,  amongst  the 
members  of  the  Engineers'  Club  of  St.  Louis.  The  other  societies  in  the  Asso- 
ciation, iiaving  less  personal  interest  in  the  work,  took  fewer  copies.  The  result 
was  that  the  receipts  were  considerably  less  than  the  total  expense,  and  the  volume 
has  never  yet  paid  for  itself.  Since  it  was  a  losing  venture,  the  Board  has  never 
been  asked  to  assume  the  responsibility  of  its  publication,  and  the  loss  has  fallen 
on  the  three  gentlemen  who  undertook  the  work.  A  number  of  copies  still  remain 
in  the  hand-;  of  Mr.  Weston,  and  these  are  sufficient  to  reimburse  him,  if  sold,  as, 
eventually,  they  doubtless  will  be.  Tlie  Board,  however,  has  had  no  responsibility 
in  this  matter,  and  has  incurred  no  expense. 

II.  Review  of  the  Wokk  of  the  Past  Year. 

At  the  meeting  of  the  Board  of  Managers  at  Chicago  in  August,  1893,  Mr. 

Benezette  Williams,  who  had  been  Chairman  of  the   Board   from  the  beginning, 

declined  a  re  election  to  that  position.     In   accordance  with   the  new  rules  of  tlie 

Board  then  adopted,  the  undersigned  was  subsequently  elected  Chairman  by  letter 
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ballot,  and  Mr.  John  C.  Traiitwine,  Jr.,  of  Philadelphia,  was  elected  Secretary. 
Tiiese  officers  assumed  charge  of  the  publication  of  the  Journal  with  tlie  January 
number  of  1894.  As  they  were  elected  for  two  years,  their  duties  will  continue  for 
another  year.  Wliile  the  duties  of  the  Secretary  necessarily  involve  a  certain 
amount  of  editorial  supervision  of  the  matter  published  in  the  Journal,  his 
meagre  salary  does  not  warrant  the  Board  in  expecting  him  to  spend  very  much 
time  upon  the  work.  It  is,  therefore,  due  to  the  present  Secretary  that  the  Chair- 
man should  here  publicly  recognize  the  benefits  of  his  incessant  labors  in  behalf  of 
the  Journal,  and  express  the  sincere  appreciation  and  grateful  acknowledgment 
which  those  labors  so  justly  deserve.  He  has  in  a  marked  manner  devoted  himself 
continually  to  the  best  interests  of  the  Journal  in  particular  and  of  the  Associa- 
tion in  general,  as  he  understood  them,  and  has  cheerfully  and  heartily  responded 
to  all  requests  and  suggestions  made  to  him  by  the  Chairman  and  by  other 
members  of  the  Board.  The  benefits  of  his  work  are  clearly  seen  in  the  Journal 
itself.  The  editorial  supervision  of  the  matter  printed  in  the  Journal  has,  I 
believe,  been  of  a  higher  grade  than  any  hitherto  given  to  this  publication,  and 
the  two  new  departments  of  the  "  Contribution  Box  "  and  "  Library  "  have  been 
mostly  contributed  by  the  Secretary. 

The  mailing  lists  of  the  Journal,  at  the  close  of  1893  and  of  1894  respectively, 

compared  as  follows  : — • 

Dec.         Dec. 
1803  1394 

Boston  Society  of  Civil  Engineers 325  353 

Western  Society  of  Engineers 354  337 

Civil  Engineers' Club  of  Cleveland 184  187 

Engineers' Club  of  St.  Louis 159  163 

Civil  Engineers'  Society  of  St.  Paul 28  34- 

Engineers' Club  of  Minneapolis 31  33 

Engineers'  Club  of  Kansas  City 21  25 

Montana  Society  of  Civil  Engineers 40  42 

Wisconsin  Polytechnic  Society .  42 

1,184      1,174 

Extra  copies  to  members  of  Board  of  Managers,  five  each  .  80  70 

Advertisers 7  27 

Exchanges 77  110 

Subscribers  and  Complimentary  copies 140 

Subscribers 176 

Complimentary  copies 15 

1,488      1,572 

Besides  this,  many  specimen  copies  liave  been  sent  out,  with  a  view  to  increas- 
ing the  circulation  of  the  Journal  and  securing  advertisements  ;  and  authors  of 
papers  receive  five  copies  of  the  Journal  containing  them.  As  a  rule,  2,000 
copies  of  each  number  have  been  printed. 

The  Journal  for  1893  (Vol.  XII)  contained 

Papers 576  pages 

Proceedings 82      '' 

Index,  advertisement  and  blank  pages 344      " 

Covers 48      " 

Title 8      " 

Total       1,058      " 
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Tlie  volume  just  closed   (Vol.  XIII,  1894)  contains  a  total  of  1,290  pages  of 
printed  in  itter,  86  cnts  and  54  plates  and  full-page  cuts,  as  follows  : 


Contri-      . ..         Pro-       Index  .t  Ninnhpr  of      P'atesand 

Piipers.     biition        '^  .':^.        cecd-     udvertise-    Total.   ,      J>'i""»eroi       f^ll.pa5e 
H)x.        '■"••       inffs.        ments.  '^"^*-  cuts.' 


January  ...  58  4  2  20  24  108  8  5 

Febrnarv     .    .  73  3  4  18  30  12S  2  3 

March   ".        .  45  4  3  14  26  92  8  1 

April  ....  32  2  2  12  24  72  0  3 

May    ....  42  4  2  8  24  80  11  2 

June    ....  45  1  2  4  24  76  9  10 

July    ....  68  3  5  2  24  102  2  13 

August    ...  47  1  4  8  26  86  14  6 

September  .    .  79  2  3  6  26  116  9  3 

October   ...  66  2  4  6  26  104  2  0 

November      .  57  1  6  8  24  96  10  6 

December   .    .  41  1  2  14  108  166  11  2 

6.53         28         39         120         386         1226  86  54 

Covers 48 

Index   to  volume 16 

Total 1290 

The  number  of  pages  exceeds,  by  232,  or  about  22  per  cent.,  that  of  Vol. 
XII,  1893,  which  was  the  largest  that  had  apjieared  up  to  that  time.  In  1894  a 
larger  type  was  used,  but  the  size  of  the  page  was  also  increased,  so  that  the  page 
contains  the  same  amount  of  matter  as  before. 

Many  of  the  illustrations  are  of  a  degree  of  excellence  far  beyond  anything 
hitherto  obtained  in  this  publication. 

At  the  close  of  1893  the  Journal  contained  7  advertisements,  occupying  3 
pages,  and  netting  the  Association  about  $100  per  annum.  The  number  for  Decem- 
ber, 1894,  contained  25  paid  advertisements,  occupying  about  10  pages,  and  netting 
about  §850  per  annum.  In  this  respect  the  Association  has  received  important  aid 
from  members  of  the  Societies,  notably  the  Boston  Society  of  Civil  Engineers. 

In  order  to  encourage  the  societies  in  obtaining  advertisements  for  the  Jour- 
nal, inducements  have  been  offered  from  time  to  time  in  the  way  of  sharing  witii 
such  societies  the  profit  from  such  advertisements.  The  rule  of  the  Board  now  is, 
that  50  per  cent,  of  the  net  income  from  all  advertisements  secured  by  any  society 
in  the  Association  shall  be  credited  to  the  account  of  sucii  society  on  the  books  of 
the  Board,  provided  this  credit  be  requested  at  the  time  the  advertisements  are 
obtained. 

During  the  past  year  the  Western  Society  of  Engineers  for  a  second  time  c  >n- 
sidered  the  propriety  of  withdrawing  from  the  Association.  As  the  Articles  of 
Association  require  that  notice  of  withdrawal  shall  be  given  three  months  previous 
to  the  end  of  the  lisc  il  ye.ar,  it  was  voted  by  the  members,  in  meeting  assembled, 
to  give  such  notice;  but  the  question  was  then  submitted  to  the  full  membership 
for  decision  by  letter  ballot.  The  movement  in  favor  of  withdrawal  was  due,  not 
to  dissatisfaction  with  the  conduct  of  the  Journal,  but  to  the  impression  that  the 
best  interests  of  the  Society  demanded  this  step  pre|)aratory  to  an  anticipated  career 
of  wider  influence  as  a  national  organization.  Tiie  result  of  the  letter  ballot,  how- 
ever, was  137  to  70,  or  nearly  two  to  one,  in  favor  of  remaining  in  the  .Association. 
This  result  is,  of  course,  most  gratifying  to  the  members  of  the  Board  and  to  the 
other  societies  in  the  Association.  So  far  as  the  Chairman  is  aware,  no  other 
society  now  in  the  Association  contemplates  withdrawing  from  it. 
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Tlie  Cliairman  takes  great  pleasure  in  announcing  tlie  fact  that,  as  the  result 
of  a  circular  letter  addressed,  in  October  last,  to  the  outstanding  local  and  sectional 
societies,  inviting  them  to  become  members  of  the  Association,  two  other  local 
engineering  societies  of  high  professional  standing  have  recently  joined  the 
Association,  namely,  the  Association  of  Engineers  of  Virginia,  and  the  Denver 
Society  of  Civil  Engineers.  The  total  membership  of  these  two  societies  is  now 
about  60.  Tlie  Technical  Society  of  the  Pacific  Coast,  with  about  150  members, 
has  voted  to  join  the  Association.  The  Engineering  Association  of  the  South  has 
postponed  for  one  year  its  decision  as  to  joining  the  Association,  but  it  is  probable 
that  at  the  end  of  that  time  it  will  apply  for  membership.  Other  local  societies 
of  good  professional  standing  are  considering  the  question  of  joining  the  Asso- 
ciation, so  that  it  is  probable  that  within  a  year  or  two  the  number  of  societies 
co-operating  will  be  materially  increased. 

HI.   Financial  Statement  for  the  Past  Yeak. 

The  following  is  a  statement  of  the  receipts  and  expenditures  for  the  past  year, 
as  shown  by  the  books  of  the  Secretary : 

CASH,  1894. 

Dr. 

To  Assessments |3,636  00 

"   Subscriptions 298  00* 

"  Sales  of  Journals 181  51 

"   Advertisements 760  50 

"   Sales  of  Reprintst 229  75 

"   Interest  on  Deposits 3  44 

"   E.xpress  charges  refunded 2  92 

$5,112  12 

Cr. 

Bv  Edward  Stern  &  Co.,  printers 13,098  82 

"'    Illustrations 636  00 

"    Secretary's  Salary ^^,9  99 

"    Commissions  on  Advertisementst 

"    Discounts  on  subscriptions 

"    Traveling  expenses 

"    Typewriting 

"    Mimeographing,  etc 

"    Freight  from  Chicago,  hauling,  unpacking  etc.,  on   back 

numbers  of  Journal 

"    Stationery 

''    Messenger  service 

"    Postage 

"    Notary's  fees 

"    Copyright  on  January  Journal 

"    Telegrams 

"    Express  charges 

Cash  Balance,  January  1,  1895 330  44 

*  $176.55  of  1894  subscriptions  were  collected  by  the  former  admiuistratiou.  See  account 
below.  The  balance,  so  far  as  collected,  and  a  few  1895  subscriptions,  are  included  in  the  amount 
here  given. 

t  About  one-third  of  this  item  is  profit  to  tlie  Association. 

■j:  This  item  includes  S70.75  to  the  Civil  Eugineers'  Club  of  Cleveland. 
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Mr.  John  W.  Western,  the  former  Seciretary  of  the  Association,  renders  the  fol- 
lowing account  of  his  receipts  and  expenditures  since  the  close  of  his  account  for 
1893: 

Receipts. 

From  subscriptions $176  55 

"      Engineers'  Club  of  Kansas  City,   on  ac- 
count  of   assessments 50  00 

$226  55 

Expenditures. 

Postage,  express  charges  and  incidentals,  trans- 
ferring office $29  53 

Secretary's  salary  for  January 50  00 

Sorting,  packing  and  shipping  back  files  and 

materials,  45   cases 75  00 

$154  53 

Balance $72  02 

Subject  to  the  approval  of  the  Board  of  Managers,  I  have  accepted  from  Mr. 
Weston,  in  settlement  of  this  account,  fifty  bound  copies  of  Vol.  I.  of  the  Descrip- 
tive Index  of  Current  Engineering  Literature,  reprinted  from  the  Journal  of  the 
Association,  and  covering  the  years  from  1884  to  1891  inclusive.  The  selling  price 
of  these  copies  is  $2.50  each,  or  $125.00  in  all. 

The  cost  of  the  various  items  of  the  Journal  for  1894  is  given  in  the  follow- 
ing table : 
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The  total  cost  of  tlie  Journal  for  1893  was  $4,517.78,  or  $4.27  per  page. 

Owing  to  a  ruling  by  the  Post-Office  De2)artment  to  tiie  effect  that  members 
receiving  society  publications  in  consideration  of  dues  were  not  considered  as  bona 
fide  subscribers,  and  that  therefore  such  journals  as  our  own  were  not  entitled  to 
second-class  or  "  pound  "  rates  (1  cent  per  pound),  we  were  compelled  to  pay  third- 
class  rates  (1  cent  per  2  oz.)  on  the  March,  Ajiril  and  May  numbers.  See  "  Contri- 
bution Box,"  July,  1894,  p.  397.  This  entailed  an  additional  expense  of  about  $125. 
Deducting  this,  for  {)urpose  of  comparison,  we  find  the  total  cost  of  the  Journal 
for  the  year  1894,  $5,649.59,  or  $4.38  per  page. 

In  the  report  of  expenditures  for  1893,  office  expenses,  postage  and  mailing  are 
given  in  one  amount.  Estimating  postage  (at  pound  rates)  and  mailing  for  1893 
upon  the  basis  of  1894,  we  have  left,  as  office  expenses,  $110.63,  and  find  that  the 
cost  of  publication  proper  compared  as  follows  : — 

Tiital.         "  Office  Expenses."        Publication.  Pages.        Cost  per  pa  ge. 

1893  $4,517  78  $110  63  $4,407  15  1.058  $4  16 

1894  5,774  59  413  85  5,360  74  1,290  4  16 

The  increase  in  "office  expenses"  or  "sundries,"  for  1894,  is  chiefly  due  to  the 
inauguration  of  an  active  policy  of  advertising  to  the  profession,  by  circulars,  sample 
copies,  correspondence,  etc.,  the  merits  of  the  Journal,  with  a  view  to  increasing 
its  advertising  and  subscription  patronage  and  of  securing  the  co-operation  of  out- 
standing societies.  As  will  be  seen  from  facts  already  stated,  the  increase  in  receipts 
from  advertisements  alone,  already  more  than  covers  the  entire  office  or  sundries 
account,  while,  in  addition  to  this,  a  considerable  increase  has  been  made  in  our 
subscription  list,  and  new  societies  have  been  brought  into  the  Association.  It  is 
believed,  moreover,  that  the  results  of  this  policy,  which  is  still  being  vigorously 
pursued,  will  continue  to  be  felt,  and  in  a  greater  degree,  in  the  future. 

The  cost  of  the  Index  to  Engineering  Literature,  for  1894,  was  approximately 
as  follows  : — 

Compilation $175  00 

Composition 

January  to  November,  inclusive,  90  pages  at  $2.75  .    .    .  $247  50 
December,  90  pages  at  $2.75 247  50 

495  00 

List  of  periodicals  indexed. 

Composition,  four  pages  at  $2.75 11  00 

Charge  for  type  standing,  four  pages,  say 7  00 

Paper,  prcsswork  and  binding, 

11  months  at  1 2  pageseach  132  pages,  say  8  forms,  at  $17.00  136  00 
December,  94  pages,  say  6  forms  at  $17.00 102  00 

238  00 

$926  00 

With  the  present  number  an  experiment  is  being  made  with  the  use  of  the 
linotype  machine,  in  place  of  type-setting,  for  the  composition  of  the  index  notes, 
and  it  is  expected  that,  if  the  results  of  this  prove  satisfactory,  a  reduction  of  nearly 
fifty  per  cent,  in  the  total  cost  of  the  index  can  be  effected. 

The  Contribution  Box  and  Library  departments  for  1894  contain,  together, 
fifty-one  pages,  and  their  actual  cost,  for  composition,  presswork  and  binding,  was 
about  $135. 
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It  has  been  urged  tliaf  tlie  conduct  of  tliese  two  departments  is  beyond  the 
province  of  the  Association,  tiie  "primary  object"  of  wliich,  by  our  Articles,  is 
defined  to  be  the  publication  of  the  papers  and  proceedings  of  the  participating 
societies;  but  it  would  seem  to  be  witiiin  tliat  province  as  viewed  by  the  spirit  of 
tiie  Articles  of  Association,  which  empower  the  Board  of  Managers  to  publish  in 
the  Journal  excerpts  from  other  journals,  and,  if  the  departments  in  question  can 
be  made  to  add  to  the  value  of  the  Journal  so  as  to  increase  its  revenues  and 
thereby  aid  in  its  publication,  they  are  surely  within  ihe  letter  of  the  Articles. 

It  is  much  to  be  regretted  tliat  the  members  of  the  societies  have  not  more 
generally  acted  upon  tiie  invitation,  extended  in  each  number  of  tiie  Journal,  to 
send  to  the  Secretary,  for  the  Contribution  Box,  "such  matters  of  general  interest  as 
may  come  to  their  notice." 

As  stated  in  the  Journal  for  January,  189"),  it  was  hoped  that  tlie  members 
would  enable  the  Secretary  to  publish,  in  the  Contribution  Box,  "  those  little  matters, 
hardly  of  sufficient  dignity  or  bulk  to  form  the  subject  of  a  formal  paper,  which  yet. 
often  rival,  if  they  do  not  surpass,  these  more  venerable  documents  in  interest  and 
utility."  It  is  believed  that  if  the  members  would  contribute  freely  from  their 
experience  in  this  way  they  would  greatly  increase  the  value  of  the  Journal  and 
its  claims  upon  outside  subscribers. 

Tlie  following  table  shows  the  numbers  of  pages  of  papers  contributed  during 
1894  by  the  several  societies  composing  the  Association,  together  with  the  number 
of  members  in  each  society  at  the  close  of  October,  the  percentages  which  these 
form  of  the  total  membership,  and  the  number  of  pages  (or,  to  be  more  exact,  the 
fraction  of  a  page)  contributed  per  member.  For  purposes  of  comparison,  corre- 
sponding figures  are  given  for  the  Engineers'  Club  of  Philadelphia  and  for  the 
Engineers'  Society  of  Western  Pennsylvania,  two  of  the  largest  local  and  sectional 
societies  still  outstanding. 

Number  of       Percentage  Pages 

Society.  Members,  of  Total  Pages.  per 

October,  18!»4.    Membership.  Member. 

Boston 346  30.5  272  0.789 

Chicago 297  26.2  152  0.512 

Cleveland 184  16.2  70  0.380 

St.  Louis 173  15.3  83  0.480 

St.  Paul 32  2.8  24  0.750 

Minneapolis 33  2.8  21  0.635 

Kansas  City 26  2.3  10  0.385 

Montana 42  3.7  21  0.500 

Association 1,133  99.8  653  0.576 

Philadelphia 429  .    .  199  0.465 

Western  Pennsylvania 455  *  .    .  235  0.516 

The  question  of  making  a  special  assessment  on  the  Societies  in  the  Association 
in  order  to  balance  the  accounts  of  the  year,  was  recently  submitted  to  the  members 
of  the  Board,  and  it  was  unanimously  voted  to  make  such  an  assessment.  It 
is  probable  that  no  special  assessment  need  be  made,  to  cover  the  needs  of  tlie 
present  year,   and  that    by  further    increase  of  our  subscription  and   advertising 


*  From  list  of  members  for  1894. 
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patronage,  the  cost  of  the  Journal  to  llie  Societies  can  hereafter  be  kept  witliin 
tlie  customary  price  of  fo.OO  per  annum  per  member. 

IV.    Prospects  for  the  Future. 

Tlie  Board  of  Managers  has  often  been  requested  to  formulate  some  scheme  by 
which  the  province  of  tiie  Association  may  be  enlarged  and  its  work  extended.  It 
lias  been,  for  instance,  proposed  to  hold  an  annual  convention  of  the  members  of 
the  participating  societies,  and  that  the  union  between  these  societies  be  made  more 
vital.  At  present  the  joint  publication  of  proceedings  and  transactions  is  all  that 
these  societies  have  in  common.  It  is  a  serious  question  whether  it  is  wise  to  make 
their  union  more  intimate  and  vital.  The  societies  in  the  Association  are,  in  their 
nature  and  of  necessity,  local  or  sectional  They  include  in  their  several  member- 
ships technical  practitioners  of  all  kinds,  and  their  peculiar  province  is  to  serve  the 
purpose  of  bringing  together  in  their  several  localities  all  persons  professionally 
engaged  in  scientific  and  technical  employments.  For  purposes  of  national  organi- 
zation these  same  individuals  are  organized  along  their  several  lines  of  practice, 
and  there  is  little  demand  for  national  organization  other  than  that  afforded  by  the 
present  national  societies. 

Beyond  this  evident  advantage,  it  is  doubtful  if  there  exists  any  real  need  for 
organic  reunion.  Each  local  society  should  have  its  own  independent  autonomy, 
designed  to  serve  the  particular  local  interests  of  its  own  vicinity,  and  should  be 
untrammeled  by  any  higher  or  outside  authority  or  influence.  It  seems  to  the 
undersigned,  therefore,  that  these  local  societies  are  already  reaping,  in  the  joint 
publication  which  they  now  support,  and  which  in  turn  materially  aids  in  sustain- 
ing these  local  societies  themselves,  practically  the  full  measure  of  the  advantages 
of  united  action. 

Respectfully  submitted, 

J.  B.  JOHSSOX,  Chairman. 


Editors  reprinting  articles  from  tins  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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This  Association  is  not  responsible  for  the  subject-matter  contributed  by  any  Society  or  for  the  state- 
ments or  opinions  of  members  of  the  Societies. 


NOTES  OX  EUROPEAN  AVATER  SUPPEIES. 


By  Allen   Hazen,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Read  November  21.  1894.] 

It  has  been  my  good  fortune  during  the  past  year  to  visit  a  large 
number  of  the  leading  water  works  in  central  and  western  Europe,  and 
I  propose  this  evening,  not  to  give  you  a  systematic  or  exhaustive 
account  of  them,  but  simply  to  mention  some  of  the  points  which  have 
specially  interested  me,  and  which,  I  trust,  may  also  prove  of  interest 
to  you. 

The  question  of  securing  an  adequate  supply  of  pure  water  is  by  no 
means  confined  to  the  western  hemisphere,  and  the  activity  with  which 
projects  are  being  discussed  and  carried  out  in  European  capitals  was  a 
constant  source  of  surprise  to  me,  for  we  are  apt  to  think  of  European 
cities  as  places  of  slower  growth  and  more  fixed  habits,  where  public 
works  would  progress  more  slowly. 

In  London  a  royal  commission  has  just  been  considering  the  ques- 
tion of  the  probable  needs  of  the  eleven  millions  of  people  which  they 
estimate  that  London  will  contain  in  1931. 

Birmingham  is  just  commencing  the  construction  of  an  aqueduct 
which  is  to  supply  it  with  pure  mountain  water  from  Wales,  and,  on  the 
continent,  Brussels  is  considering  the  project  for  a  water  supply  for  the 
greater  metropolis  which  it  is  proposed  to  form  out  of  the  city  and  its 
suburbs. 

Hamburg  last  year  com[)leted  the  filters  which  had  long  been  con- 
11 
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teraplated,  and  the  coustructiou  of  which  was  hastened  ])y  the  awful 
epidemic  of  cholera  which  ravaged  the  city  in  1892.  Berlin  also  is 
largely  extending  its  works.  In  Vienna  the  supply  of  mountain  spring 
water  has  recently  been  increased,  and  still  other  projects  of  much 
greater  magnitude  are  being  considered  for. the  supply  both  of  the  cen- 
tral city  and  of  the  surrounding  towns.  Paris,  which  had  so  long 
suffered  from  the  lack  of  an  adequate  quantity  of  water  for  domestic 
purposes,  completed  in  1892  an  additional  spring  water  supply  with  a 
minimum  yield  of  twenty-three  million  gallons,  and  still  greater  projects 
are  now  being  discussed  for  execution  as  soon  as  the  needs  of  the  popula- 
tion exceed  the  present  supply. 

All  of  these  schemes  differ,  in  one  striking  respect,  from  corre- 
sponding projects  in  America.  The  quantity  of  water  provided  per  head 
is  always  less  than  one  half,  and  frequently  not  more  than  a  quarter,  of 
that  considered  necessary  for  American  communities.  The  causes  of 
this  difference  are  not  altogether  clear.  In  some  instances  the  smallness 
of  the  European  consumption  may,  in  a  measure,  be  attributable  to  a 
smaller  proportion  of  water-closets,  or  to  the  ftict  that  the  entire  popula- 
tion is  not  provided  with  flowing  water  in  private  apartments.  But, 
after  making  all  possible  allowance,  there  is  still  a  wide  discrepancy 
which  cannot  be  accounted  for  by  the  greater  comforts  or  cleanliness  of 
the  American  cities.  Fire  protection  in  Europe  is  upon  a  radically 
diflTerent  basis  from  that  in  America.  In  all  European  capitals  the  con- 
struction of  other  than  fireproof  buildings  is  strictly  prohibited,  and 
fires,  as  we  understand  them  in  America,  can  hardly  be  said  to  exist. 
In  Berlin,  during  the  past  year,  the  quantity  of  water  which  supplied 
all  the  necessities  of  the  fire  department  for  extinguishing  fires  and 
other  purposes  was  less  than  three  thousand  gallons  daily,  and  in  no 
other  German  city,  except  Hamburg,  was  so  large  a  quantity  required. 

American  water  pipes  are  so  planned  throughout  as  to  allow  a  con- 
centration of  water  for  fire  purposes.  European  water  pipes  serve  only 
for  the  distribution  of  water  for  domestic  purposes,  and  there  is  no  pro- 
vision (or,  if  there  be  any,  it  is  of  a  most  rudimentary  character)  for 
concentration  of  the  large  volumes  of  w-ater  which  would  be  necessary 
for  extinguishing  the  fires  which  are  of  almost  daily  occurrence  in 
American  cities.  This  system  permits  the  use  of  smaller  pipes,  and  thus, 
no  doubt,  reduces  the  leakage  from  imperfect  joints,  and,  at  the  same 
time,  by  greatly  decreasing  the  cost,  allows  more  attention  to  be  given 
to  the  quality  of  the  work. 

Another  element  which,  in  Europe  more  than  America,  tends  to 
restrict  the  use  of  water,  is  the  use  of  meters.  In  German  cities  partic- 
ularly, it  is  often  the  case  that  no  water  is  sold  except  by  meter;  and  in 
Berlin  over  86  per  cent,  of  all  the  water  pumped  is  actually  accounted 
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and  paid  for,  leaving  less  than  14  pei*  cent,  for  use  for  all  public  pur- 
poses, such  as  street  sprinkling,  public  fountains,  sewer  flushing,  etc.,  as 
well  as  for  waste. 

The  study  of  the  quality  of  water  supplies  has  received  a  new 
impetus  since  the  cholera  epidemic  of  Hamburg  two  years  ago.  This 
epidemic,  as  you  remember,  caused,  in  less  than  a  month,  the  death  of 
eight  thousand  persons  in  Hamburg,  while  the  neighboring  cities  of 
Altona,  Harburg  and  Wantsbeck  remained  substantially  free.  The 
water  supply  of  Hamburg  at  that  time  was  drawn  unfiltered  from  the 
river  Elbe  at  a  point  slightly  above  the  city,  but  where  it  was  subjected 
to  occasional  pollution  from  Hamburg's  own  sewage,  as  well  as  to  the 
constant  but  more  remote  pollution  from  the  fifty  cities,  each  with 
more  than  twenty  thousand  inhabitants,  upon  the  watershed  of  the 
river  and  its  tributaries,  with  an  aggregate  population  of  about  six 
millions,  not  including  the  smaller  towns  or  the  country  districts.  The 
watershed  of  the  Elbe,  above  Hamburg,  has  an  area  of  about  52,000 
square  miles,  and  the  annual  rainfall  is  28  inches. 

The  other  cities  mentioned  had  other  and  better  supplies,  and  their 
escape  from  the  cholera  was  attributed  by  the  Imperial  Board  of  Health, 
after  a  most  thorough  examination,  to  this  fact.  Since  that  time,  Ham- 
burg has  pushed  to  completion,  at  a  cost  of  $2,300,000,  the  filters  previ- 
ously projected,  and  at  the  present  time  the  city  has  one  of  the  finest 
water  supplies  of  Germany.  The  effect  of  this  Hamburg-Altona 
incident  was  not  confined  to  the  local  conditions.  It  has  resulted  in 
many  radical  changes  throughout  the  German  Empire.  Two  years 
ago  Hamburg  was  the  only  city  in  Germany  drinking  ulfiltered  surface 
water,  but  there  were  a  number  of  other  cities,  such  as  Stettin  and 
Lubeck,  which  filtered  their  waters  at  high  rates  and  under  conditions 
other  than  those  found  most  favorable  where  filtration  has  been  most 
carefully  considered.  Probably  as  a  result  of  its  investigations  at 
Hamburg  and  Altona,  the  Imperial  Board  of  Health  issued  an  order 
prohibiting  the  use  of  unfiltered  surface  water  for  drinking  in  any  Ger- 
man city,  and  prescribing  in  those  cases  where  filtration  is  employed 
the  conditions  under  which  such  filtration  should  be  executed.  The 
order  prescribed,  for  instance,  the  rate  of  filtration,  the  minimum  depth 
of  the  filtering  medium,  the  treatment  of  filters  at  the  times  of  cleaning, 
and  also  suggested  that  the  efiiuent  from  each  single  filter  should  be 
daily  examined  bacterially  by  some  officer  appointed  by  the  city,  and, 
if  possible,  permanently  connected  with  the  water  works.  Some  of 
these  rules  were  objected  to  by  the  water  works  engineers  on  the  ground 
that  they  could  not  be  carried  out  without  too  serious  disturbance  of 
existing  arrangements.  Afterwards  a  conference  was  arranged  between 
the  Board  of  Health  and  a  committee  selected  by  a  permanent  society 
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of  water  works  engineers  (Deutscher  Verein  vou  Gas-  und  Wasser- 
fachmannern)  and  a  new  set  of  rules,  differing  somewhat  in  detail 
from  the  first  ones,  was  prepared.  These  rules  have  since  been 
issued  by  the  Minister  of  the  Interior,  and  they  are  binding  upon  all 
German  water  works.  In  accordance  with  them  those  water  works 
which  had  filters  incapable  of  conforming  to  the  requirements,  have,  in 
every  case,  so  far  as  I  know,  during  the  past  year,  reconstructed  their 
works  in  a  more  or  less  thorough  manner  to  meet  the  requirements,  and 
the  bacterial  examination  of  water  commenced  in  most  cases  on  the 
first  of  April,  1894.  In  this  connection  I  may  say  that  the  laboratory 
for  the  examination  of  water  in  connection  with  the  Hamburg  works  is 
one  of  the  best  equipped  which  I  have  ever  seen.  It  is  placed  in  a 
separate  two-story  brick  building,  which  contains  rooms  for  the  various 
departments,  and  every  facility  for  conducting  the  large  number  of  tests 
which  the  rules  require. 

Berlin  also  draws  its  water  from  rivers,  and  filters  it.  The  popula- 
tions upon  the  Havel  and  the  Spree  are  less  than  that  upon  the  Elbe, 
but  the  watersheds  are  also  less,  so  that  the  pollution  in  proportion  to 
the  volume  of  water  is  not  inconsiderable. 

The  filtration  at  Berlin  is  effected  by  some  thirty  acres  of  filters 
which  have  been  vaulted  over  as  a  protection  from  winter  weather. 
Formerly  open  filters  were  used,  and  much  difficulty  was  experienced  on 
account  of  ice ;  in  1889,  during  an  unusually  cold  period,  the  filters 
became  so  far  luiserviceable,  and  the  water  supply  deteriorated  to  such 
an  extent,  that  the  city  suffered  from  a  considerable  epidemic  of  typhoid 
fever.  Since  that  time  the  use  of  open  filters  has  been  abandoned  as 
fast  as  new  covered  filters  could  be  substituted  for  them. 

Among  the  thirty  German  cities  which  either  have  more  than  one 
hundred  thousand  inhabitants,  or  supply  water  to  that  number  of  per- 
sons, there  are  eleven  which  supply  filtered  water,  the  raw  water  being 
in  almost  every  case  drawn  from  rivers.  The  other  nineteen  cities  are 
all  supplied  with  ground  water,  but  the  aggregate  population  so  supplied 
is  somewhat  less  than  the  population  in  the  eleven  cities  supplied  with 
filtered  water.  The  supply  of  ground  water  in  the  volumes  required 
by  large  cities,  has  received  a  great  deal  of  attention  in  Germany. 
Dresden,  with  300,000  inhabitants,  is  supplied  from  a  filter  gallery 
4,900  feet  long  and  26  inches  in  diameter,  extending  along  the  Elbe 
about  70  feet  from  the  river  and  about  10  feet  below  low  water.  The 
walls  of  this  gallery  are  built  with  perforations,  and  are  surrounded 
with  coarse  gravel  and  the  natural  material  of  the  river  bank.  This 
gallery  has  been  in  use  since  1875,  and  has  always  given  an  abundant 
supply  of  entirely  satisfactory  water.  The  level  of  the  water  in  the 
gallery  is  reduced  by  pumping  only  to  about  5  feet  below  the  river,  and 
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at  the  time  of  my  visit  there  were  nearly  12  feet  of  water  in  the  pump 
well.  These  works  were  built  by  Engineer  Salbach,  and  it  his  idea  that 
tlie  six  or  eight  million  gallons  of  water  drawn  come  entirely  from  the 
laud  side,  and  that  only  insignificant  quantities,  if  any,  of  the  river 
water  find  their  way  to  the  pumps.  It  is  his  idea  that  there  is  an  exten- 
sive bed  of  gravel  all  along  the  river  for  miles,  reaching  up  into 
Bohemia,  and  that  in  this  gravel  there  is  another  river  flowing  beside 
the  Elbe  with  lower  velocity  but  vastly  larger  cross-section,  and  that  it 
is  the  water  of  this  underground  river  which  he  obtains.  It  is  on  this 
account  that  the  projected  extension  of  the  Dresden  works  is  placed  on 
the  other  side  of  the  river,  and  some  miles  away,  in  order  to  tap  another 
portion  of  this  subteriauean  river,  as  he  feared  that  any  extension  in 
the  present  location  would  tend  to  unduly  lower  the  ground  water  level 
and  to  cause  infiltration  of  water  from  the  river.  Some  miles  above 
Dresden  the  Elbe  flows  between  rock  walls,  and,  so  far  as  one  can  judge, 
over  a  rock  bed,  through  the  so-called  8axon  Switzerland.  It  was 
my  first  thought  that  these  rocks  would  act  as  an  obstruction  to  Herr 
Salbach's  underground  river,  and  that  the  river,  if  such  existed,  must 
have  its  origin  below  this  point,  but  Herr  Salbach  informs  me  that  the 
stone  at  this  point  is  mainly  porous  sandstone,  and  is  capable  of  allow- 
ing the  passage  of  water,  and,  in  addition,  there  may  be  fissures.  It 
seems  to  me,  however,  that  similar  objections  might  rightly  be  raised  to 
the  theory  that  similar  underground  rivers  are  flowing  parallel  to  many 
New  England  streams. 

The  newer  ground-water  supplies  have  substituted  separated  wells 
with  suction  tubes  for  the  galleries,  a  substitution  which,  it  is  said, 
greatly  cheapens  their  construction  for  a  given  result.  Leipzig,  with 
360,000  inhabitants,  is  supplied  by  such  a  series  of  wells  located  some 
thirteen  miles  from  the  city.  The  water  is  taken  from  gravel  beds 
which  probably  mark  an  old  course  of  the  Mulde  and  which  still  carry 
large  volumes  of  water  having  their  origin  in  that  I'iver,  and  so  far  as 
they  are  not  diverted  for  water  supply,  reverting  to  it  lower  down.  This 
is  a  particularly  interesting  case,  for  the  surface  water  from  this  neigh- 
borhood, what  little  there  is,  does  not  go  into  the  Mulde  at  all.  but  flows  in 
the  other  direction  into  the  Saale.  At  this  point  the  Mulde  makes  a 
little  detour,  and  the  Saale's  watershed  goes  almost  to  its  banks.  The 
old  Mulde  channel  thus  lies,  for  a  considerable  distance,  in  the  present 
Saale  watershed.  The  country  all  about,  as  far  as  the  eye  can  reach,  is 
perfectly  flat,  except  in  a  few  places  where  ledges  crop  out.  The  sur- 
face shows  a  slope  of  about  one  in  a  thousand.  The  watershed  of  the 
little  brook  passing  the  works  is  quite  insignificant  and  bears  no  relation 
to  the  supply,  and  there  is  no  large  body  of  water  above  the  surface  for 
miles.     This  old  riverbed  is  about  three  miles  wide,  and  the  gravel  in 
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it  is  from  50  to  70  feet  deep.  The  wells  constructed  by  the  city  reach 
in  a  straight  line  nearly  across  the  entire  width  of  this  gravel.  The 
first  wells,  140  in  number,  covered  about  one  third  the  distance;  after- 
wards 90  additional  wells,  83  feet  apait,  were  put  down,  and  the  latest 
addition  which  I  saw  in  course  of  construction  consists  of  94  wells 
60  feet  apart. 

The  method  of  digging  these  wells  is  to  put  a  12-iuch  cast-iron 
pipe  down  to  the  depth  required,  digging  out  the  sand  from  the  centre 
as  the  pipe  sinks  ;  afterwards  the  permanent  7-inch  pipe  with  a  strainer 
about  16  feet  long,  is  introduced,  and  inside  of  that  an  independent  copper 
suction  pipe  reaching  nearly  to  the  bottom.  In  addition,  a  three-quarter- 
inch  pipe  is  provided  for  taking  samples  and  ascertaining  the  water 
level.  When  all  is  in  position,  the  12-inch  pipe  first  put  down  is  drawn 
up.  Water  is  now  pumped  from  the  well  by  an  electric  pump,  operated 
from  a  trolley  running  the  length  of  the  extension.  With  rapid  pump- 
ing much  sand  is  at  first  drawn  until  the  particles  which  cannot  pass 
the  rather  coarse  sieve  form  a  gravel  layer  around  that  point  and  hold 
back  the  sand  without  further  trouble.  By  rapidly  pumping  on  four 
W'Clls  at  a  time  by  means  of  the  electric  pumps  the  ground-water  level 
is  lowered  far  enough  below  the  surface  to  allow  the  permanent  collect- 
ing pipes  to  be  placed.  For  this  collecting  pipe  rubber  connections  are 
everywhere  used  instead  of  lead.  They  are  said  to  be  cheaper  and 
tighter,  and  they  can  be  taken  apart  at  any  time  without  the  slightest 
damage  to  the  pipe.  They  have  also  the  advantage  of  greater  flexibility. 
On  a  2-foot  pipe,  a  rubber  ring,  like  a  bicycle  tire,  but  solid,  and  one-half 
as  large  again  as  the  opening  between  the  bell  and  spiggot,  and  of  the 
exact  diameter  of  the  pipe,  is  placed  on  the  end  of  the  spiggot  and  is 
rolled  into  the  bell,  enclosing  and  flattening  the  rubber  ring.  The 
joint  so  made  is  air-tight  for  vacuum,  and  will  hold  at  least  four  atmos- 
pheres of  pressure  without  leaking.  The  joint  is  made  complete  in  two 
minutes  under  water  if  necessary,  and,  so  far  as  known,  it  does  not 
deteriorate  with  time.  It  can  be  taken  apart  and  readjusted  as  often 
as  desired.  On  the  regular  distributing  pipes  in  the  city,  lead  joints 
are  ordinarily  used,  but  I  was  told  that  on  bridges,  where  flexibility 
was  desii'ed,  rubber  had  been  used  with  entirely  satisfactory  results. 
The  collecting  pipe  from  these  wells  discharges  into  the  pump  well, 
which  is  lower  than  the  point  to  which  it  is  proposed  to  loAver  the 
ground  water,  and  any  air  which  may  accumulate  in  the  pipes  is 
removed  from  time  to  time  by  an  air  pump  connected  with  the  high- 
est points  on  the  pipes.  When  properly  arranged  in  this  way,  syphons 
can  be  used  with  lifts  up  to  twenty-six  feet.  The  water  obtained  in  this 
way  is  of  satisfactory  quality  in  everyway  except  that  it  contains  a  little 
iron.     The  first  two  series  of  wells  were  so  built  that  each  well  could  be 
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separately  tested  for  iron,  and  the  worst  wells  were  shut  oft'.  This  arrange- 
ment has  not,  however,  been  entirely  satisfactory,  and  this  year  no  pro- 
vision is  made  for  shutting  off  single  wells.  It  is  found  that  in  passing 
through  the  thirteen  miles  of  pipe  and  conduit  (about  one-half  of  each) 
to  the  distributing  reservoir  and  over  the  measuring  weirs,  the  water 
becomes  thoroughly  aerated  and  the  iron  is  precipitated.  Filters  have 
just  been  constructed  through  which  this  water  will  in  future  be  passed 
at  an  extremely  high  rate,  and  it  is  believed  that  no  further  difficulty 
with  iron  will  be  experienced. 

A  record  is  kept  of  the  height  of  water  in  the  different  wells,  and 
also  of  that  in  other  wells  in  the  vicinity.  Pumping  for  years  fi*om  the 
first  section  has  not  in  the  least  lowered  the  water  level  in  the  other 
sections;  and  the  flow  of  ground  water,  while  slower  below  the  wells, 
still  continues  in  the  same  direction,  showing  that  even  now  the  wells 
do  not  intercept  all  the  water  there.  The  entire  capacity  of  the  plant 
is  now  estimated  at  16,000,000  gallons  daily.  The  old  works,  without 
the  last  addition,  have  yielded  as  much  as  11,000,000  gallons. 

Herr  Thiem,  consulting  engineer  for  the  Leipzig  and  other  works, 
has  an  interesting  method  of  estimating  the  capacity  of  a  ground  water 
supply.  He  sinks  three  wells  e([uidistant  from  each  other  in  the  form 
of  an  equilateral  triangle.  No  water  is  pumped  from  them  at  first,  but 
the  water  level  is  observed  carefully  for  some  days.  From  these  obser- 
vations he  calculates  the  direction  of  the  slope,  and  consequently  of  the 
flow,  of  the  ground  watar,  as  follows :  He  calculates  the  point,  on  a 
straight  line  joining  the  wells  having  the  highest  and  lowest  water 
levels,  where  the  water  level  is  the  same  as  it  is  in  the  third  well.  Join- 
ing this  point  with  the  third  well  gives  a  line  at  right  angles  to  the  line 
of  flow.  A  fourth  well  is  now  sunk  in  exactly  this  direction,  that  is,  the 
line  of  flow,  from  one  of  the  first  wells,  and  the  higher  well  is  dosed 
with  a  quantity  of  salt  solution,  followed  by  enough  water  to  force  the 
salt  into  the  surrounding  gravel.  Samples  of  water  are  now  taken  at 
intervals  from  the  lower  well,  and  analyses  show  when  the  salt  passes. 
From  this  is  calculated  the  velocity  of  the  ground  water,  and,  in  con- 
nection with  the  cross-section  of  the  gravel,  the  quantity  of  water  pass- 
ing is  estimated,  and  this  is  regarded  as  the  capacity  of  the  source, 
making  allowance  for  variation  of  flow  at  different  seasons.  Herr 
Thiem  has  no  confidence  in  pumping  tests  of  wells  short  of  years  of 
continued  use. 

At  Charlottenburg,  a  suburb  of  Berlin,  a  ground  water  is  used 
which  contains  even  more  iron  than  that  at  Leipzig.  In  this  case  there 
is  no  flow  through  a  conduit  to  oxidize  the  iron,  and  instead  the  water  is 
taken  through  coke  towers  at  a  rate  of  100,000,000  gallons  per  acre 
daily.     The  water,  in  passing  through  the  coke,  is  everywhere  in  contact 
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with  air,  and  it  is  found  tliat  tlie  water  so  treated  ean  be  passed  througli 
an  ordinary  sand  filter  at  a  rate  of  25,000,000  gallons  per  acre  daily, 
yielding  an  effluent  entirely  free  from  iron.  The  capacity  of  this  plant 
is  13,000,000  gallons  daily.  This  process,  which  has  been  perfected  by 
Engineer  Piefke,  is  also  applied  to  a  number  of  smaller  supplies,  and 
for  removing  the  iron  from  the  well  waters  used  by  a  number  of  brew- 
eries in  Berlin  and  in  Jireslau. 

Munich  has  a  ground-water  supply  which  is  collected  in  still 
another  way.  The  original  supply  was  a  series  of  springs  along  the 
side  of  a  ravine  in  cultivated,  wooded  and  rather  elevated  land,  just 
where  the  foot-hills  of  the  Alps  commence.  The  soil  on  the  country 
back  of  this  ravine  undoubtedly  furnishes  the  water,  and  is  generally 
pervious,  consisting  chiefly  of  gravel,  with  more  or  less  clay  in  places 
and  a  layer  of  slate  below.  The  country  is  comparatively  level,  but  is 
cut  by  the  ravine  of  a  river,  150  to  200  feet  deep,  which  goes  some  dis- 
tance below  the  intercepting  layer  of  slate  into  the  gravel  below.  Along 
one  side  of  this  valley  and  above  the  clay  were  natural  springs,  which 
were  first  taken  for  Munich's  supply,  but  it  was  found  that  the  bulk  of 
the  water  discharged  through  crevices  in  the  slate  below  the  surface 
into  the  river,  and  extensive  galleries  above  the  clay  were  built  to 
intercept  it.  The  bottoms  of  these  galleries  are  of  concrete,  and  their 
roofs  are  stone  arches  5  to  6  feet  high.  A  perforated  tile  pipe,  18  to 
24  inches  in  diameter,  is  laid  directly  under  the  gallery  and  com- 
municates with  it  at  intervals.  Under  oi'dinar)'^  circumstances  all  of 
the  water  flows  in  the  lower  pipe,  but  when  the  flow  exceeds  its  capa- 
city the  surplus  flows  through  the  gallery  above.  In  a  few  cases  the 
drain  pipe  was  omitted  altogether.  Except  near  the  outlet,  the  stone 
arch  over  the  gallery  is  laid  without  mortar,  and  is  surrounded  by 
gravel  to  allow  the  free  admission  of  water.  The  whole  is  sunk  in  a 
clay  to  a  depth  of  about  3  feet,  but  varying  with  the  irregularities  in 
the  surface  of  the  clay. 

There  are  at  present  about  7,800  liueal  feet  of  these  galleries  in  use, 
and  of  these  4,800  feet  are  walled  without  mortar,  but  the  remaining 
3,000  feet  are  also  supposed  to  collect  considerable  water.  These  galleries 
must  be  from  100  to  150  feet  below  the  surface.  In  March,  1887,  the 
lowest  yield  from  them  was  15,000,000  gallons  per  day,  and  almost  as 
low  a  figure  was  obtained  in  October,  1893,  both  times  for  a  few  days 
only.  In  wet  seasons  the  springs  have  yielded  as  much  as  32,000,000 
gallons  daily  for  short  periods,  and  the  average  quantity  used  by  the  city 
is  about  12,000,000  gallons  per' day.  The  flow  of  the  springs  is  always 
free,  and  so  much  of  the  water  as  is  required  is  sent  to  the  city,  the  rest 
being  wasted  into  the  river.  The  capacity  of  the  aqueduct  is  23,000,000 
gallons  })er  day.     The  length  of  the  conduit  to  the  reservoir  is  nineteen 
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miles,  and  the  average  grade  is  1 :880.  The  couduit,  for  the  most  part, 
is  4  J  by  2i  feet  in  cross-section.  It  is  seven  miles  from  the  distributing 
reservoir  to  the  town,  so  that  the  entire  distance  is  about  twenty-six 
miles.     The  cost  of  the  works  was  $2,100,000. 

Among  the  world's  great  capitals,  Vienna  has  a  unique  supply. 
Its  source  is  in  the  high  mountains  near  the  line  of  the  Semmering  rail- 
road, about  sixty  miles  from  the  city.  The  mountains  are  of  dolamite, 
with  streaks  of  pure  limestone,  all  of  tertiary  origin.  Under  the  whole 
is  a  continuous  impervious  layer  of  slate,  just  above  which  the  springs 
are  located  The  bulk  of  the  stone  is  solid,  but  there  are  many  fissures 
through  w'hich  the  water  flows.  The  surftvce  of  the  stone  has  become 
disintegrated  in  places,  and,  where  the  slopes  are  not  too  steep,  it  is 
covered  with  trees.  Otherwise  there  are  bold  rock  cliffs,  which  give  a 
most  romantic  aspect  to  the  valley.  The  material  is  apparently  rather 
pervious,  for,  excepting  the  water  which  flows  from  the  springs,  thei-e 
is  little  evidence  of  flowing  water  upon  the  mountains,  although  the 
rainfall  is  rather  heavy,  averaging  about  59  inches  both  on  the  sum- 
mits and  in  the  valleys.  The  tops  of  the  mountains  are  nearly  seven 
thousand  feet  high,  and  they  have  patches  of  perpetual  snow,  which, 
although  they  do  not  make  much  show  from  below,  are  of  such  extent 
that  by  melting  in  summer  they  swell  the  volume  of  the  springs  at  the 
base  of  the  mountains  to  from  two  to  four  times  their  winter  flow. 

The  springs  apparently  have  in  places  a  tolerably  direct  communi- 
cation with  the  surface,  for  a  heavy  rainfall  will  increase  their  flow  in 
from  six  hours  to  two  days,  but  the  water  never  presents  the  slightest 
turbidity.  Its  temperature  is  constant  for  the  whole  year  at  41°  to  44°. 
The  temperature  of  each  spring  is  entirely  constant,  but  all  the  springs 
are  not  exactly  the  same.  As  the  mountains  are  entirely  uninhabited, 
there  is  no  reason  to  fear  the  introduction  of  incompletely  purified  rain- 
water. Ordinary  rains  do  not  affect  the  flows.  The  Kaiserbrunuen,  as 
the  largest  of  the  springs  is  called,  was  brought  to  Vienna  in  1873 
through  an  aqueduct  fitty-five  miles  long,  and  having  a  capacity  of 
40,000,000  gallons  per  day.  This  spring  furnished  an  abundant  water 
supply  during  the  warm  months  of  the  year,  but  was  inadequate  to  meet 
the  growing  demand  in  the  winter  months,  when  all  the  precipitation 
upon  the  mountains  was  in  the  solid  form,  and  when  there  were  no 
thaws  to  increase  the  flow  of  the  springs.  To  aid  the  supply,  a  series 
of  wells  were  put  down  ten  years  ago  upon  the  line  of  the  aqueduct  in 
the  valley  of  a  river  which  it  was  thought  would  add  a  considerable 
quantity  of  water  in  winter  at  a  time  when  it  was  most  needed.  The 
supply  from  this  source,  however,  has  been  rather  disappointing,  not 
exceeding  3,000,000  gallons  daily.  In  the  past  year  other  and  more 
distant  springs  have  been  connected.     The  supply  at  the  time  of  my 
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visit,  July,  1894,  21,000,000  gallons  daily,  was  drawn  mainly  from 
the  Kaiserbruunen  and  from  another  spring  near  by,  while  the  water 
from  the  higher  springs,  at  least  46,000,000  gallons  daily,  was  all 
going  to  waste.  The  new  springs  will  be  required  in  the  winter  only 
when  the  Kaiserbrunnen  is  low.  The  minimum  winter  yield  of  the 
present  wells  is  about  19,000,000  gallons  per  day.  The  population  of 
Vienna  is  1,500,000  ;  about  one  half  million,  however,  reside  in  the 
recently  annexed  suburbs,  and  are  not  as  yet  supplied  with  Vienna 
water.  It  is  desired  to  so  supply  them  as  soon  as  a  sufficient  winter 
supply  can  be  obtained. 

Two  projects  are  under  consideration.  One  of  these,  which  is 
being  investigated  by  Herr  Salbach,  contemplates  a  series  of  wells  in 
the  valley  of  the  Danube  in  the  immediate  neighborhood  of  the  city, 
while  Engineer  Kinzer,  who  has  constructed  the  recent  additions  to 
the  present  works,  is  working  upon  another  spring  water  project  of  the 
same  general  nature,  but  drawing  from  even  higher  mountains  about  fif- 
teen miles  away  in  the  direction  of  the  Alps.  He  thinks  that  the  cost 
of  an  additional  supply  of  40,000,000  gallons  daily  will  probably 
reach  $20, 000,000.  Further  supplies  could  be  got  from  the  neigh- 
borhood of  the  present  works,  but  the  mill  damages  are  too  heavy, 
and,  in  addition,  it  would  be  necessary  to  construct  a  new  conduit. 
The  city  paid  Sl,600,000  for  mill  damages  alone  on  the  last  addition 
of  10,000,000  gallons  to  its  supply.  The  site  contemplated  in  Herr 
Kinzer 's  new  project  is  upon  government  lands  and  there  are  no 
mill  privileges.  The  aqueduct  from  the  Kaiserbrunnen  to  Vienna  has 
a  grade  of  over  ten  feet  in  a  mile,  and  the  section  above  the  Kaiser- 
brunnen for  the  recent  additions  has  a  fall  of  1,100  feet  in  ten  miles. 
The  upper  part  of  this  is  constructed  of  iron,  and  the  arrangements 
are  very  different  from  those  of  the  conduit  built  by  Mr.  Herschel 
a  few  years  ago  for  the  East  Jersey  Water  Co.  The  distance  is  divided 
into  sections,  each  having  a  fall  of  about  100  feet.  At  the  end  of  each 
of  these  sections  is  a  gate-house,  and  the  flow  of  water  through  the 
section  is  throttled  by  a  gate  at  the  lower  end  of  the  pipe,  the  gate  being 
so  regulated  as  to  keep  the  pipe  always  full  of  water.  This  necessitates 
the  use  of  very  much  heavier  pipe,  as  well  as  the  construction  of  numer- 
ous gate-houses  which  are  entirely  avoided  by  Mr.  Herschel's  design. 
I  was  told  that  it  was  feared  that  if  the  water  was  allowed  to  flow  freely 
the  upper  part  of  the  pipe  would  be  occupied  by  air,  and  that  the  pipe 
would  become  corroded  and  weakened. 

Some  miles  of  the  conduit  lower  doAvn  were  cut  out  of  the  solid 
rock,  and,  as  one  rides  up  the  excellent  road,  which  was  itself  built  as 
an  adjunct  to  the  conduit,  the  only  signs  of  the  conduit  are  the  frequent 
holes  in  the  limestone  crags,  through  which   the   rock   removed  was 
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brought  out  and  dumped  into  the  valley  below.    The  size  of  these  dumps 
affords  the  best  indication  of  the  magnitude  of  the  enterprise. 

Paris  has  long  been  supplied,  for  domestic  purposes,  with  water  from 
springs  in  several  vallej's  at  a  great  distance  from  the  city.  Until  about 
two  years  ago,  the  available  supply  from  these  sources  did  not  exceed 
37,000,000  gallons  daily,  a  quantity  which  was  found  inadequate  for  the 
two  and  a  half  millions  of  people  dependent  upon  it.  For  street-wash- 
ing, for  manufacturing  and  other  purposes,  the  city  has  an  additional 
supply  of  water  taken  unfiltered  from  the  Seine  and  from  a  canal,  but 
this  water  is  not  ordinarily  allowed  to  be  used  in  the  houses.  Paris 
washes  its  streets  instead  of  sweeping  them,  and  the  quantity  of  water 
employed  for  other  than  domestic  purposes  is  very  large,  exceeding 
80,000,000  gallons  daily.  For  years  it  was  the  practice,  when  the 
quantity  of  spring  water  was  inadequate  to  meet  domestic'  require- 
ments, to  supply  river  water  to  the  wards  of  the  city  in  regular  rotation. 
Before  this  was  done,  however,  the  inhabitants  of  the  wards  were 
Avarned  of  what  was  coming,  and  were  advised  to  refrain  from  using 
the  water  for  drinking.  This  condition  of  affaiis  was  ended  in  1892 
by  the  completion  of  a  new  aqueduct  from  springs  in  the  valley  of 
the  Avre  supplying  a  maximum  of  32,000,000  daily.  For  twelve 
miles  the  aqueduct  has  a  diameter  of  5i  feet,  and  a  fall  of  one  in 
2,500;  for  forty-six  miles  it  has  a  diameter  of  6  feet  and  a  fall  of 
one  in  3,300  ;  and  in  addition  there  are  five  miles  of  syphons  where  two 
lines  of  40-inch  pipe  are  U!-:ed  having  a  fall  of  one  in  800.  The  total 
length  of  this  aqueduct  is  sixty-three  miles  and  the  total  fall  132  feet. 
The  walls  are  8  inches  thick  and  are  built  of  the  natural  stone  of  the 
country  laid  in  Portland  cement.  The  city  is  allowed  by  law  to  take  a 
quantity  of  water  not  exceeding  30,000,000  gallons  daily,  and  an  ingeni- 
ous device  at  the  head  of  the  aqueduct  is  employed  to  prevent  more 
than  this  from  being  used.  The  water  flows  through  a  submerged 
orifice  at  a  determined  distance  below  a  very  long  overflow  weir,  and  as 
soon  as  the  quantity  of  water  reaches  the  legal  limit  the  excess  com- 
mences to  flow  over  the  weir  and  back  into  the  river.  Below  this  point 
and  connecting  with  the  aqueduct  there  is  another  spring  which  yields 
an  additional  2,000,000  gallons.  The  springs  supplying  the  water  are 
scattered  through  the  valley  for  about  two  miles  above  the  head  of  the 
aqueduct,  and  are  connected  with  three  and  a  half  miles  of  conduit. 
They  are  only  a  short  distance  below  the  surface.  The  springs,  ten  in 
number,  were  natural  springs  which  formerly  discharged  over  the  sur- 
face into  the  river.  They  have  been  enlarged,  cleaned  and  deepened, 
and  covered  in  ;  the  bottoms  are  made  of  coarse  pieces  of  flint.  The 
houses  covering  the  springs  are  15  to  40  feet  in  diameter.  There  are  no 
other  springs  in  the  valley.     Since  the  spring  water  has  been  collected. 
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the  river  bed  has  been  dry  aud  poplar  trees  are  dying  fur  the  lack 
of  water.  The  surrounding  country,  through  which  the  water  prob- 
ably conies,  is  rolling  and  somewhat  clayey,  the  clay  containing  large 
quantities  of  flint.  The  rock  is  chalk  mixed  with  flint,  while  in  the 
valley  of  the  river  there  is  gravel  mixed  with  fragments  of  flint,  all 
of  which  is  rather  porous.  The  springs  are  in  this  gravel,  but  I  could 
not  ascertain  its  extent.  Judging  from  the  topographical  map,  they 
may  drain  the  country  for  fifteen  miles  back.  It  is  all  cultivated  land 
and  is  occupied  by  an  ordinary  farming  population.  There  is  no  man- 
ufacturing. The  maximum  flow  of  the  springs  is  about  50  per  cent, 
greater  than  the  minimum,  which  comes  in  September.  Nearly  all  of 
the  water  comes  into  the  ten  springs  themselves,  but  in  two  or  three 
places  the  collecting  mains  going  over  the  minor  springs  are  arranged 
to  allow  the  entrance  of  water.  Otherwise  the  mains  are  water-tight, 
and  the  drains  built  below  them  to  aid  in  construction  are  discharged 
into  the  river.  The  aqueduct  and  the  work  at  the  springs  cost  in  all 
four  million  dollars.  The  damage  suits  for  water  power  and  loss  of 
water  for  irrigation  are  still  pending,  but  I  was  told  that  it  was  expected 
that  they  would  probably  be  settled  for  about  three  million  dollars, 
making  a  total  cost  of  seven  millions.  One  hundred  thousand  dollars 
were  paid  for  the  springs  themselves  and  the  surrounding  land.  The 
present  minimum  of  spring  water  at  Paris  from  all  the  exii^ting  sources 
is  about  53,000,000  gallons  daily.  This  is  the  only  water  now  taken 
into  private  houses.  Only  a  part  of  the  houses  have  water-closets,  but 
their  use  is  increasing,  and  thus  more  water  will  be  required.  The  present 
sources  are  incapable  of  further  development.  For  the  future  there  are 
two  i:)rojects,  one  for  a  grand  system  of  filtration  of  river  water;  the 
other  for  a  supply  of  spring  water  from  the  mountains  in  Haute  Marne, 
180  miles  east  of  Paris.  Studies  for  these  supplies  are  about  to  be  under- 
taken ;  the  intention  being  to  secure  an  additional  67,000,000  gallons  daily. 
The  present  supplies  will  prevent  the  necessity  of  using  unfiltered  river 
water  for  at  least  ten  years.  The  suburbs  of  Paris  are  all  supplied  by  a 
private  company  which  is  just  building  an  extensive  filter  plant,  and  it 
is  proposed  to  use  this  in  connection  with  the  Anderson  Revolving  Puri- 
fier Process,  taking  the  raw  water  from  the  Seine  above  Paris. 

S)me  of  the  Dutch  cities  have  a  particularly  interesting  system  of 
collecting  water.  A  large  part  of  Holland  consists  of  land  as  low  as,  or 
lower  than,  the  ocean,  and  the  highest  land  in  the  country  is  a  row  of 
dunes,  only  a  few  miles  wile,  extending  along  the  coast  from  Amsterdam 
to  the  Hook  of  Holland.  These  dunes  ci)nsist  of  fine  sand,  and  the  level 
of  the  ground  is  from  ten  to  twenty  feet  above  the  ocean.  The  dunes 
are  entirely  uninhabited.  The  water  is  collected  from  this  area  by  a 
system  of  open  canals.     The  water  in  the  canals    supports  a   growth  of 
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algfe,  and  thus  becomes  unsuitable  for  use  in  its  raw  state.  It  is  there- 
fore tillered. 

At  xlmsterdam  about  6,200  acres  of  dunes  are  drained  by  15  miles 
of  open  canals  located  below  the  ground  water  line.  The  yield  of  the 
land  is  equal  to  14  inches  of  rainfall  on  the  entire  area,  and  the  total  fall 
is  28  inches.  The  entire  summer  rainfall  is  believed  to  be  evaporated, 
and  thus  lost  for  water  supply,  but  the  bulk  of  the  winter  precipitation 
is  utilized.  The  water,  as  it  comes  from  the  ground  in  canals,  contains 
iron,  but  this  is  all  removed  by  natural  processes  before  the  water  reaches 
the  filters.  During  the  past  year  the  average  supply  of  water  from  these 
sources  was  six  and  a  half  million  gallons  per  day,  with  a  masinaum  of 
eight  million  gallons.  Some  years  ago  this  supply  became  inadequate  to 
meet  the  growing  demands  of  the  city,  and  the  water  company  built,  on 
the  other  side  of  the  city,  another  plant,  which  takes  its  water  from  a 
canal  or  river  not  subject  to  excessive  pollution,  and  the  water  is  care- 
fully filtered.  These  works,  built  at  a  cost  of  three  million  dollars,  were 
intended  to  supply  eleven  million  gallons  daily,  but  the  city  authorities 
who  wished  to  secure  control  of  the  water  works,  decided  that  this  water 
did  not  meet  the  sanitary  requirements,  and  that  it  could  not  be  used 
for  domestic  purposes.  It  is,  therefore,  at  the  present  time  used  only 
for  street  sprinkling  and  for  other  public  and  manufacturing  purposes, 
about  four  to  five  million  gallons  daily  being  required.  The  city  insists 
that  the  company  must  provide  an  additional  supply  of  dune  water,  the 
estimated  cost  of  which  will  be  two  and  a  half  million  dollars,  and  at 
the  same  time  declines  to  authorize  the  company  to  increase  its  capital 
stock.  The  object  is  evidently  to  put  the  company  in  as  unfavoralde 
a  position  as  possible,  in  order  that  the  city  may  acquire  the  plant  out 
favorable  terms.  The  supplies  of  Leydeu  and  of  the  Hague  are  of  the 
same  general  nature  as  the  dune  supply  of  Amsterdam.  It  has  been  sug- 
gested that  if  covered  collectors  were  used  instead  of  open  canals  for 
collecting  the  water,  filtration  could  be  omitted  and  an  equally  good  water 
could  be  supplied.  On  the  other  hand,  it  is  said  that  covered  collectors 
become  rapidly  choked  by  the  extremely  fine  sand  which  there  exists, 
and  require  from  time  to  time  to  be  dug  up  at  great  expense.  It  is  also 
claimed  that  the  water,  if  so  collected,  would  contain  iron,  and  would 
require  treatment  which  might  be  as  expensive  as  the  present  filtration. 
For  the  filtration  of  this  dune  water  the  dune  sand  itself  is  used.  This 
is  much  finer  than  is  elsewhere  used  for  filtration.  Its  use  here  is  ren- 
dered possible  by  the  comparative  purity  of  the  raw  water. 

Brussels,  with  its  two  hiuidred  thousand  inhabitants,  is  supplied  by 
ground  water  drawn  from  some  five  miles  of  collecting  conduits  in  fine 
sand  underneath  the  forest  which  also  serves  as  a  city  park.  The  drains 
are  generally  from  100  to  150  feet  below  the  surface.     The  possibilities 
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of  the  supply  from  this  area  are  apparently  nearly  reached.  Brussels 
is  desirous  of  annexing  her  suburbs  and  of  forming  a  greater  Brussels, 
with  a  population  of  about  half  a  million,  and  in  case  this  is  done 
an  additional  water  supply  must  be  procured.  The  city  engineers 
are  talking  of  an  extension  along  the  present  lines  but  in  new  areas,  and 
there  is  also  a  project  for  a  supply  of  filtered  water  from  the  river. 

The  Continental  cities  are  almost  invariably  supplied  with  either 
ground  water  or  filtered  river  water.  The  us3  of  impounding  reservoirs 
is  practically  unknown.  Chemnitz  and  Konigsberg  have  very  small 
reservoirs  as  auxiliaries  to  other  means  of  supply,  but  it  is  only  in  Eng- 
land that  we  find  great  dams,  similar  to  those  so  commonly  used  in 
America,  retaining  large  volumes  of  water.  Liverpool  already  derives 
its  water  supply  from  such  a  source  in  the  Welsh  mountains,  and  Man- 
chester, Bradford  and  other  towns  in  the  north  have  similar  supplies. 

Birmingham  is  just  commencing  the  construction,  at  an  enormous 
expense,  of  an  aqueduct  to  Wales,  sixty  miles  away,  and  there  has  been 
talk  of  a  similar  supply  for  London,  but  in  the  latter  case  a  royal  com- 
mission appointed  to  consider  the  subject  has  decided  that  the  present 
sources  can  be  utilized  for  many  years  to  come  without  bad  results  and 
at  a  less  expense. 

The  waters  from  impounding  reservoirs  in  England  are  generally 
filtered,  although  the  watersheds  are  entirely  free  from  pollution.  In 
this  way  all  trouble  from  bad  tastes  and  odors  due  to  algte  as  well  as  from 
temporary  turbidity  during  storms  is  avoided,  and  the  results  are  believed 
to  be  commensurate  with  the  cost  of  filtering  the  water.  There  are,  how- 
ever, a  number  of  towns,  including  Manchester,  which  supply  such  water 
without  filtration,  and  Glasgow  draws  its  water  from  Loch  Kathriue 
without  filtration.  In  Germanj',  reservoir  water  is  required  by  law  to 
be  filtered  whether  it  is  subject  to  pollution  or  not. 

The  following  table  contains  a  list  of  some  of  the  principal  Euro- 
pean cities,  with  their  populations,  the  quantities  of  water  supplied 
daily,  in  millions  of  American  gallons,  and  the  sources  of  the  water. 
I  have  simply  included  some  data  Avhich  I  happen  to  have,  with  no 
attempt  at  completeness.  Most  of  the  statistics  are  for  1892  or  1893, 
but  those  of  St.  Petersburg  and  Warsaw  are  for  1890,  and  for  the 
English  cities,  except  London,  the  figures  are  taken  from  a  local  govern- 
ment report  for  1887.  Most  of  the  figures  are  calculated  from  pumping 
records  for  an  entire  year;  the  statistics  for  the  gravity  supplies  at  Paris 
and  Vienna  may  be  less  exact.  The  Munich  and  Frankfort  supplies 
are  also  gravity,  but  the  figures  given  are  calculated  from  comprehen- 
sive weir  measurements. 
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City. 


Filtered  River  Water  Supplies. 
Population    Million  gallons    Gallons  daily 


supplied. 

daily. 

per  head. 

London,  7  companies,!  5,030,000 

190, 

38, 

Thames  and  Lea 

Berlin, 1,606,000 

26, 

16, 

Harvel  and  Spree 

St.  Petersburg,  ....     960,000 

39, 

40, 

Neva 

Hamburg, 583,000 

32, 

53, 

Elbe 

Warsaw 500,000 

6, 

12, 

Weicbsel 

Breslau 335,000 

7, 

22, 

Oder 

Rotterdam, 240,000 

13, 

54, 

Maase  (Rhine) 

Magdeburg, 200,000 

5, 

24, 

Elbe 

Filtered  Water  from  Sources  other  than  Rivers. 

Amsterdam, 515,000  10,  20,  Dune  and  canal 

Liverpool, 815,000  22,  27,  Storage  reservoir 

Bradford, 364,000  12,  33, 

Dublin, 327,000  18,  55,               "            " 

Birmingham, 600,000  "  " 

Ground  Water  Supplies. 

Paris,* 2,500,000  53,  21,  Springs 

Vienna, 1,000,000  23,  23,              " 

Budapest, 500,000  22,  44,  Wells  by  Danube 

London  (Kent  Co.),  .    .     460,000  16,  35,  Wells  in  chalk 

Leipsic, 360,000  5.5  15,  Wells 

Munich, 300,000  11.5  38,  Springs 

Dresden, 280,000  6.0  21,  Filter  gallery  by  Elbe 

Cologne, 255,000  11.5  45,  Wells  by  Rhine 

Frankfort-on-Main   .    .     186,000  6.7  36,  Wells  and  springs 

Unfiltered  Surface  Water  Supplies. 

Manchester, 963,000  24,  24,  Storage  reservoir 

Sheffield, 324,000  —  _                 «             a 

Glasgow, 794,000  50,  64,  Loch  Kathrine 

Six  Largest  American  Water  Supplies  for  Comparison. — American  W.  W. 

Manual,  1890. 

Chicago, 1,099,850  152,  140,  Lake  Michigan 

Philadelphia,     ....  1,046,964  138,  132,  Rivers 

New  York, 1,515,291  121,  79,  Storage  reservoir 

Brooklyn, 776,838  55,  72,  Wells  and  reservoir 

Buffiilo, 255,664  47,  186,  River 

Boston, 527,606  42,  80,  Storage  reservoir 


*  In  addition,  80,000,000  gallons  of  river  water  are  daily  used  for  public  and  manufacturing  pur- 
poses. 

t  Exclusive  of  ground  water. 
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THE  LAKE  VYRXWY  WATER  SUPPLY  FOR  LIVERPOOL. 


By  Thomas  M.  Droaan,  Member  of  the  Boston  Society  of  Civil  Engineers. 


(Remarks  at  the  meeting  of  November  21,  1894,  illustrated  by  photographs.) 

The  large  cities  of  EDgland  must  necessarily  be  dependent,  for  their 
ever-increasing  water  needs,  upon  drainage  areas  far  distant  from  those 
cities,  if  sparsely  settled  regions  are  to  be  drawn  upon. 

Glasgow  has  for  thirty-five  years  enjoyed  a  pure  supply  from  Loch 
Kathrine,  and  Manchester  has  just  completed  her  aqueduct  to  Lake 
Thirlmere,  a  distance  of  96  miles. 

The  sparsely  settled  condition  of  much  of  the  mountainous  portion 
of  central  Wales  makes  this  region  an  attractive  source  for  water  col- 
lection, and  two  large  English  cities  have  availed  themselves  of  suitable 
valleys  in  this  region.  The  Liverpool  reservoir,  in  the  valley  of  the 
Vyrnwy,  is  now  complete,  and  that  of  Birmingham,  at  Rhayader,  has 
just  been  begun. 

Not  only  are  the  collecting  areas  favorable  as  regards  small  popula- 
tion, but  the  rainfall  is  very  heavy,  amounting  to  nearly  70  inches. 

I  had  the  pleasure,  last  summer,  of  visiting  the  new  Vyrnwy  supply 
of  Liverpool,  concerning  which  so  much  has  recently  been  written. 
The  Vyrnwy  was  a  stream  of  very  variable  flow,  which,  in  the  dry 
summer  time,  did  not  amount  to  two  million  gallons  per  day,  while  in 
the  wet  seasons  there  were  often  destructive  freshets.  The  daming  of 
this  valley  formed  a  lake  having  a  superficial  area  of  1,121  acres,  a 
length  of  4|  miles,  and  an  average  width  of  half  a  mile.  The  greatest 
depth  is  84  feet.  This  lake  contains,  when  full,  13,125,000,000  gallons 
of  water.  The  area  of  the  gathering  ground  is  18,000  acres,  but  the 
city  of  Liverpool  has  the  power  to  divert  two  neighboring  streams,  with 
an  additional  gathering  ground  of  5,200  acres.  It  is  estimated  that  the 
rainfall  on  this  combined  area  of  23,200  acres  will  yield  an  average 
daily  supply  of  53,000,000  gallons,  of  which  40,000,000  will  be  avail- 
able for  Liverpool  after  delivering  compensation  water  as  provided  by 
an  Act  of  Parliament. 

The  compensation  water  demanded  by  the  Severn  Navigation  and 
Fishery  Commissioners  is  10,000,000  gallons  per  day.  This  very  liberal 
compensation  was  accepted  by  the  Liverpool  Corporation.  But,  much 
to  their  surprise.  Parliament,  while  the  bill  was  before  it,  imposed  very 
unexpectedly  an  additional  compensation  of  over  1,200,000,000  gallons 
a  year  in  "  freshets  "  of  40,000,000  gallons  each,  whenever  the  Severn 
Commissioners  may  require.     These  "freshets,"  which  are  a  very  severe 
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drain  upon  the  reservoir,  and  whicli  involved  the  raising  of  the  dam 
five  feet  higher  than  was  originally  intended,  are  supj^osed  to  be  beneficial 
in  connection  with  the  breeding  of  fish  and  the  scouring  of  the  Severn. 
The  following  are  the  principal  dimensions  of  the  dam  : 

Total  lengdi  along  the  top,  1,165  feet. 

Height  from   the  lowest  part  of    the  foundation  to  parapet  of  carriage  way, 
161  feet. 

Height  from  river  bed  to  sill  of  overflow  [under  the  roadway],  84  feet. 

Greatest  thickness  at  base,  120  feet. 

Width  of  roadway  over  top  of  dam  [between  the  parapets],  19  feet  10  inches. 

Batter,  or  slope,  of  the  wall  on  the  front,  or  water  side,  1  in  7^. 

Slope  of  back  of  wall,  1  in  1-. 

Total  quantity  of  masonry  in  the  dam,  260,975  cubic  yards. 

Total  weight  of  the  masonr}',  510,000  tons. 

Quantity  of  earth  and  stones,  excavated  for  the  foundation,  220,890  cubic  yards. 

Refilling  at  the  front  and  back  of  the  wall,  79,501  cubic  yards. 

The  cost  of  the  masonry  was  £530,000,  and  the  total  cost  of  the  dam,  £601,500. 

A  fine  new  road,  nearly  12  miles  in  length,  including  the  beautiful 
viaduct  over  the  dam,  completely  encircles  the  lake ;  it  is  from  20  to 
30  feet  in  width. 

Nothing  was  removed  from  the  valley  before  flooding  except  trees 
or  lumber  and  stone  which  had  value.  There  was  no  attempt  to  remove 
vegetation  or  soil.  With  us  in  Massachusetts,  such  neglect  to  remove 
organic  matter  would  have  resulted  in  very  foul  water,  but  there  has 
been  no  inconvenience  from  this  source  as  yet,  as  I  was  informed  by 
]VIr.  Parry,  the  water  engineer  of  Liverpool.  The  lake  was  stocked  with 
trout  from  Loch  Leven,  and  during  the  first  year  they  grew  to  enormous 
size,  making  the  lake  a  favorite  resort  for  fishermen.  The  fishing  is 
said  to  be  still  good,  although  the  trout  are  not  as  large  as  they  were 
when  they  had  the  abundance  of  food  aflTorded  them  during  the  first 
year. 

One  reason  why  the  water  does  not  become  foul  may  be  that  the 
compensation  water,  which  is  drawn  ofi'near  the  bottom  of  the  reservoir, 
to  some  extent  prevents  stagnation.  It  is  true  that,  during  the  first 
year,  the  bottom  water  was  discolored  and  had  a  bad  odor,  but  this 
condition  of  affairs,  according  to  Mr.  Parry's  statement,  does  not  now 
exist.  Moreover,  there  is  not  that  great  difference  in  the  temperature 
between  the  water  at  the  surface  and  that  at  the  bottom  which  there  is 
here  during  the  summer.  I  could  not  learn  that  anywhere  in  England 
is  the  organic  matter  removed  from  the  bottoms  and  sides  of  valleys 
before  flooding  for  reservoirs,  or  that  any  bad  consequences  result  from 
this  neglect.  If  this  is  the  case,  the  immunity  from  trouble  must  be 
due  to  the  prevalence  of  a  lower  average  summer  temperature. 

The  straining  tovver,  situated  about  three  quarters  of  a  mile  from  the 
12 
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dam,  is  an  ornameutal  structure  standing  in  50  feetof  Avater  and  104  feet 
above  the  surface,  and  30  feet  in  diameter.  It  forms  the  entrance  to  the 
aqueduct.  Two  columns  of  pipes,  3  feet  6  inches  in  diameter,  outside  the 
tower,  are  so  arranged  that  water  can  be  drawn  from  any  level  of  the  lake. 
The  water  is  strained  through  a  cylindrical  screen  of  fine  copper  wire 
[gauge  14,400  meshes  to  the  square  inch]  9  feet  in  diameter  and  25  feet  high. 
When  the  screens  are  clogged,  a  bell  on  the  tower  is  rung  automatically, 
calling  the  attendant  to  clean  them.  The  screens  are  lifted  into  the  body 
of  the  tower  and  are  there  washed  by  jets  of  water  supplied  by  a  special 
reservoir  on  the  hillside. 

The  aqueduct  is  nearly  69  miles  long,  and,  with  the  exception  of 
four  miles  of  tunneling,  consists  of  cast-iron  pipes  from  39  to  42?  inches 
internal  diameter.  Eventually  there  will  be  three  pipe  lines  to  Liver- 
pool, each  with  a  capacity  of  13,500,000  gallons  a  day. 

At  Oswestry,  about  19  miles  from  Lake  Vyruwy,  are  situated  the 
filter  beds.  At  present  there  are  three  filters,  with  a  total  area  of  24,000 
square  yards.  The  filtration  is  conducted  according  to  the  usual  English 
system.  The  filters  are  scraped  when  the  loss  of  head  is  from  12  to  18 
inches.  The  lake  water  is  brown  in  color,  and  about  half  of  the  color 
is  removed  by  the  filters. 

A  mechanical  analysis,  by  Mr.  Hazen's  system,  of  a  sample  of  the 
sand  used  in  these  filters,  showed  that  10  per  cent,  of  it  was  finer  than 
0.3  of  a  millimeter,  and  indicated  a  maximum  filtration  rate  of  60,000,- 
000  to  70,000,000  gallons.*  At  the  time  of  my  visit  in  June  last,  No.  1 
filter,  having  an  area  of  1.65  acres,  had  passed  171,000,000  imperial  gal- 
lons between  scrapings. 

The  Liverpool  water  works,  which  include  also  reservoirs  and 
filter  beds  at  Rivington,  with  a  capacity  of  12,000,000  gallons  a  day, 
and  wells  in  the  New  Red  Sandstone  yielding  6,500,000  gallons  a  day, 
are  all  under  the  charge  of  Mr.  Joseph  Parry,  water  engineer,  to  whose 
courtesv  I  am  indebted  for  my  information  concerning  these  works. 


*  See  "  Some  Physical  Properties  of  Sands  and  Gravels,  witli  Special  Refer- 
ence to  their  Use  in  Filtration."  By  Allen  Hazen,  Mass.  State  Board  of  Health; 
Twenty-Fourth  Annual  Report,  1892. 
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THE  UNITED  TEllBE  AIS^D  PACIFIC  KAIEAVAY 


By  Elbkidge  II.  Beckler,  Member  op  the  Montana  Society  of 
Civil  Engineers. 


[Read  February  9,  1895.] 

The  subject  of  this  paper  is  situated  a  little  easterly  from  the 
centre  of  Yavapai  County,  Arizona,  twenty  to  thirty  miles  northeasterly 
from  the  town  of  Prescott.  It  is  a  three-feet  gauge  railway,  twenty-six 
miles  in  length,  and  lies  along  the  easterly  and  northerly  slopes  of  the 
Black  Hills  of  Arizona,  and  extends  westerly  from  these  hills  about  ten 
miles,  the  termini  being,  at  the  east,  the  United  Verde  Copper  Com- 
pany's works  at  the  town  of  Jerome;  and  at  the  west,  Jerome  Junction, 
a  connection  with  the  Santa  Fe,  Prescott  and  Phoenix  Railway. 

Personal  capital  for  private  use  in  transporting  the  product,  and 
furnishing  supplies  for  the  operation  of  the  United  Verde  Copper  Com- 
pany's mines,  properties  owned  principally  by  Mr.  W.  A.  Clark,  of 
Butte,  Montana,  brought  this  railway  into  existence.  The  road  per- 
forms the  usual  duties  of  common  carriers,  having  duly  qualified  by 
incorporation,  complying  with  United  States  and  Territorial  laws, 
accepting  the  conditions,  restrictions  and  limitations,  and  receiving  the 
usual  benefits,  of  roads  constructed  for  public  use  and  convenience  and 
dependent  upon  such  use  for  the  return  of  its  operating  expenses  and 
interest  on  capital  invested.  While  the  public  use  helps  slightly,  it  is  a 
trifling  matter,  and  had  no  influence  in  the  origin,  development  or  per- 
fection of  the  enterprise. 

The  conditions  which  made  it  desirable  to  construct  this  road  ;  the 
character  of  road  which  could  be  constructed  so  as  to  be  profitable 
— that  is,  furnish  cheaper  transportation  than  by  other  means ;  the 
principles  which  should  govern  in  making  an  economical  location,  as 
regards  details  of  construction,  are  some  of  the  questions  which  would 
present  themselves  to  an  engineer  called  upon  to  investigate  the  situa- 
tion. A  few  facts  bearing  upon  these  matters  will  be  mentioned  before 
entering  upon  the  description  of  the  load  and  the  details  of  construc- 
tion, that  those  who  read  may  judge  of  the  fitness  of  the  work. 

Reference  to  a  map  of  Arizona  shows  the  Black  Hills  a  discon- 
nected group  of  mountains  lying  in  latitude  34°  to  35°  and  longitude 
111°  45'  to  112°  15',  covering  an  area  of  ten  by  thirty  miles,  and  with 
the  major  axis  bearing  30°  west  of  north.  The  Verde  River  heads 
northwest  of  these  hills,  with  some  of  its  southern  tributaries  rising  in 
the  Granite  Range,  from  which  the  water  flows  northward  along  the 
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Avest  side  of"  the  hills  to  the  junction  with  the  main  river.  The  river 
then  passes  by  the  north  end  of  the  mountains  and  flows  southerly  by 
the  east  side.  In  this  way  the  Verde  and  its  tributaries  almost  com- 
pletely encircle  the  group  of  mountains. 

The  United  Verde  Copper  Company's  mines  are  located  on  the 
northeasterly  side  of  the  mountains,  overlooking  the  Verde  River,  from 
which  they  are  distant  about  three  miles.  The  mines  are  at  an  eleva- 
tion of  5,500  feet  above  sea  level ;  the  river  at  this  point  is  3,200  feet 
above  sea  level,  and.  the  top  of  the  mountain  about  8,00  feet.  The  top 
of  the  mountain  is  covered  with  a  fairly  good  quality  of  pine  timber  ; 
that  within  a  few  miles  of  the  works  has  now  mostl}^  been  cut  in  supply- 
ing wood  and  mining  timbers,  and  lumber  for  buildings. 

East  and  north  of  the  river  the  country  rises  abruptly  to  an  elevated 
plateau  (elevation  between  6,000  and  7,000  feet)  of  extensive  area,  reach- 
ing northerly  beyond  the  Atlantic  and  Pacific  Railroad  to  the  breaks  of 
the  Grand  Canon  of  the  Colorado.  There  are  large  bodies  of  pine 
timber  on  this  plateau.  West  of  the  Black  Hills  are  the  valleys  of 
these  southern  tributaries  of  the  Verde,  which  flow  northerly,  the  prin- 
cipal one  being  Granite  Creek.  The  bed  of  the  stream  is  ten  miles  from 
the  foot-hills,  a  long,  gentle  slope  covering  this  distance,  starting  at  the 
foot-hills  with  an  elevation  of  5,200  to  5,500  feet,  and  descending  to 
about  4,S00  feet,  opposite  the  north  end  of  the  mountain,  at  the  creek, 
and  4,200  feet  at  the  junction  with  the  Verde  River.  The  Santa  Fe, 
Prescott  &  Phoenix  Railway  comes  into  this  Granite  Creek  depression 
at  about  the  nearest  point  to  the  mountain,  and  about  seventeen  and  a 
half  miles  from  Jerome,  by  air  line. 

From  Jerome  a  wagon  road  climbs  over  the  mountain,  through  a 
pass  about  7,000  feet  high,  and,  after  reaching  the  foot-hills  on  the 
westerly  side,  divides,  with  one  branch  extending  to  Prescott  and 
another  to  Massick's  Station.  A  wagon  road  also  extends  down  into 
the  Verde  valley  from  Jerome,  making  a  descent  of  2,500  feet  in  about 
four  miles. 

The  early  workings  of  the  mine  consisted  of  making  an  open 
excavation  in  the  mountain  side,  where  a  large  body  of  red  oxide 
copper  ore,  rich  also  in  gold  and  silver,  was  exposed  on  the  surface. 
It  has  been  stated  that  several  millions  of  dollars  were  shoveled  up  and 
hauled  away  before  any  attempt  was  made  to  find  and  follow  the  mineral 
vein.  A  large  sum  of  money  was  spent  in  constructing  a  wagon  road 
to  the  A.  &  P.  R.  R.  at  Ash  Fork,  then  the  nearest  or  most  practicable 
outlet  to  rail  transportation.  Lack  of  experience  and  reckless  expendi- 
tures caused  the  failure  of  the  parties  owning  the  property,  after  their 
surface  riches  began  to  diminish. 

When  Mr.  W.  A.  Clark  purchased  the  property,  development  was 
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begun  in  earnest.  The  obstacle  in  the  way  of  demonstrating  the  great 
value  of  the  property  was  the  expensive  wagon  haul.  The  best  outlet 
was  over  the  mountain  i-oad  to  the  Preseott  and  Arizona  Central  Rail- 
way, twenty-five  miles  to  the  point  where  Massick  Station  now  is.  The 
Preseott  &  Arizona  Central  Railway  went  out  of  business  in  1893,  when 
the  Santa  Fe,  Preseott  &  Phoenix  Railway  was  constructed  through 
the  same  section  of  country.  This  wagon  road  had  two  hills  to  pass 
over  in  each  direction,  with  a  rise  of  about  1,500  feet  in  each  place. 
The  grades  on  these  hills  in  some  places  reached  16  per  cent.,  and  for 
long  distances  exceeded  12  per  cent.  The  heavy  teaming  made  it  neces- 
sary to  keep  quite  a  force  on  the  road,  at  all  times,  to  keep  it  in  repair. 
The  soil  on  the  mountain,  where  there  was  any,  and  also  in  the  valley 
west  of  the  mountain,  is  of  a  peculiar  nature.  A  little  rain  or  snow 
changes  it  into  a  lively  mixture  resembling  quicksand.  Horses  sink 
into  it  to  the  fetlock,  and  lightly  loaded  wagons  settle  down  to  the  hubs. 
In  good  weather,  with  good  roads,  a  freight  team  could  make  a  round 
trip  a  week.  After  a  few  days  of  showery  weather  the  road  became 
practically  impassable. 

Owing  to  the  nature  of  the  road,  it  has  been  necessary  to  shut  down 
all  work  of  producing  from  the  middle  of  November  to  the  middle  of 
April  each  year,  working  the  mine  but  eight  months,  although  quite  a 
force  would  be  kept  through  the  winter,  making  developments  and 
doing  other  necessary  work  on  the  property.  It  was  the  aim  to  have 
supplies,  and  everything  necessary  for  hibernating,  prepared  before  the 
roads  became  bad,  but  invariably  the  matter  was  put  off  a  little  too 
long,  and  the  last  shipments,  in  and  out,  were  attended  with  great 
expense  and  difficulties.  An  annual  rainy  spell  in  July  and  August 
always  made  the  road  useless  for  from  one  to  three  weeks.  The  value 
of  the  property  has  been  much  affected  by  the  necessary  closing  down 
of  four  months  each  year. 

There  were  several  attempts  to  introduce  tramways  and  inclined  rail- 
ways to  pass  over  the  mountain.  Several  surveys  for  different  schemes 
were  made,  and  enough  work  was  done  to  leave  marks  which  are  still 
visible  in  various  places.  In  1891  the  Link  Belt  Engineering  Com- 
pany undertook  to  put  in  a  cable  tramway  over  the  mountain,  from  the 
works  to  the  west  side,  to  deliver  and  receive  freight  at  the  foot  of  the 
westerly  hill,  from  which  point  there  was  a  comparatively  easy  wagon 
road  to  the  railroad,  twelve  miles  aw'ay.  A  branch  railway,  or  spur, 
was  also  planned  to  connect  with  the  tramway.  The  system  proposed 
consisted  of  towers,  or  posts,  every  20  feet,  carrying  two  rails  on  a  cross- 
arm.  Travelers,  to  which  were  suspended  buckets,  boxes  and  hooks 
for  the  carriage  of  matte,  coke,  wood,  etc.,  were  placed  on  the  rails  every 
100  feet  and  connected  by  cables.     The  cable  passed  around  a  drum  or 
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wheel  at  the  ends,  aud  wherever  au  angle  was  necessary,  and  at  the 
power  house. 

The  company  built  the  tramway  but  could  not  make  it  work.  It 
was  proposed  to  handle  five  miles  of  tramway  from  a  single  power  sta- 
tion. There  were  many  changes  of  grade,  dipping  down  sharply  into 
valleys,  and  rising  abruptly  over  sharp  ridges,  in  the  attempt  to  get  a 
short  direct  line.  There  were  some  angles  where  it  was  necessary  to 
change  direction.  When  power  was  applied  to  the  cable,  the  wire,  with 
the  traveler  and  buckets,  was  lifted  from  the  towers  and  track,  crossing 
the  valleys.  There  was  then  a  great  strain  on  the  cable  and  supports 
at  the  summits,  and  at  the  angles.  After  working  on  the  ti'am way  until 
the  spring  of  1894,  two  and  a  half  miles  were  made  to  operate  by  put- 
ting in  two  power  stations,  in  this  distance,  and  by  relieving  the  more 
abrupt  changes  of  grade  and  alignment. 

During  the  working  season  of  1894,  all  the  product  of  the  mine 
was  taken  out  over  the  tramway,  aud  coke  was  taken  in.  Some  wood, 
cut  on  the  top  of  the  mountain,  was  taken  in  by  tlie  same  way  in  the 
last  two  months.  On  account  of  the  difticulty  in  making  roads  on  the 
steep  aud  rocky  slopes  of  the  mountain,  all  this  wood  used  at  the  works 
in  smelting,  and  in  several  hundred  pits  of  the  open  air  roasts,  has  been 
packed  from  the  mountain  top  on  the  backs  of  burros.  Nearly  all  that 
was  convenient  to  the  works  has  been  cut  in  order  to  keep  up  the  supply 
of  twenty  cords  a  day,  until  now  there  is  scarcely  any  within  a  distance 
of  four  miles. 

It  was  becomiug  urgent  to  have  some  other  means  of  getting  wood, 
or  other  fuel.  In  addition  to  the  wood,  the  furnaces  consumed  daily 
about  thirty  tons  of  coke.  The  coke  and  other  supplies,  aud  machinery, 
gave  about  as  great  a  tonnage  towards  the  works  as  the  product,  in  matte 
and  bullion,  gave  in  the  other  direction.  The  plant  had  grown  rapidly 
by  frequent  additions,  until  the  daily  capacity  of  the  works  was  about 
sixty  tons  of  matte  and  bullion. 

Several  surveys  for  a  railroad  to  get  out  to  other  railroads  had 
been  made.  The  difficulty  of  reaching  the  place,  going  around,  or  over, 
so  steep  a  mountain,  the  expensive  construction,  and  the  uncertainty  of 
future  traffic,  made  railroad  companies  hold  ofl'.  The  mine  is  now 
opened  to  a  depth  of  five  hundred  feet,  and  ore  has  been  taken  out  to  a 
depth  of  less  than  three  hundred  feet.  In  the  winter  of  1893  Mr.  Clark 
decided  to  construct  the  railway  at  his  own  expense. 

At  this  time  it  would  be  fair  to  assume  that  the  daily  traffic  to  and 
from  the  works  was  about  one  hundred  tons,  handled  at  a  cost  of  eight 
dollars  per  ton,  not  including  twenty  cords  of  wood  at  five  dollars  per 
cord,  with  this  latter  item  becoming  rapidly  more  expensive.  The  plant 
had  probably  cost  more  than  $1,000,000.  No  other  mines  have  been 
discovered  in  that  immediate  vicinity. 
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With  the  foregoing  facts,  or  conditions,  the  question  for  decision 
was,  what  kind  of  a  railroad  should  be  constructed. 

The  problem  for  solution  was,  in  some  respects,  easier  than  the 
location  of  a  road  for  public  use,  dependent  upon  general  traffic.  As 
seen  above,  the  wagon  haul  was  costing  eight  dollars  per  ton.  A  portion 
of  the  tramway  becoming  useful  (after  it  was  decided  to  build  a  rail- 
way) probably  reduced  this  cost  to  five  dollars  per  ton.  The  exact 
cost  of  the  tramway  may  never  be  known.  It  was  not  far  from  $70,000, 
but,  as  it  is  not  yet  decided  who  had  to  stand  this  expense,  on  account 
of  its  failure,  the  cost  is  left  out.  Five  dollars  per  ton  would  maintain 
a  tramway  and  transport  the  metal,  and  coke  or  coal,  over  the  tramway 
and  wagon  road.  Machinery  and  other  bulky  articles  would  still 
require  the  use  of  wagons  the  entire  distance.  The  construction  of  the 
balance  of  the  tramway,  and  the  short  and  cheap  railroad  spur,  might 
further  reduce  the  working  cost  to  four  dollars  per  ton.  It  will  readily 
be  seen  that  there  was  little  danger  of  making  the  road  unprofitable  by 
reason  of  excessive  cost,  when  there  was  a  possible  limit  of  four  dollars 
per  ton  to  be  expended  in  operating  expenses,  maintenance,  and  in- 
terest charge,  in  transporting  one  hundred  tons  daily  a  distance  of 
twenty-six  miles.  A  few  figures  will  show  that  one  dollar  per  ton,  or 
one  hundred  dollars  per  day,  would  be  sufficient  for  maintenance 
and  operating,  which  would  leave  three  dollars  per  ton,  or  three  hundred 
dollars  per  day,  for  interest  charge.  This  sum,  capitalized  at  6  per 
cent.,  shows  that  over  $50,000  per  mile  could  be  spent  in  construction 
and  equipment. 

This  might  be  a  proper  way  to  figure  if  the  railroad  was  to  be  built 
for  perpetuity,  with  a  growing  traffic,  by  reason  of  a  greater  develop- 
ment of  the  country.  The  life  of  the  mine  is  unknown  ;  in  ten  years  it 
might  be  abandoned ;  or,  by  reason  of  the  discovery  of  other  mines  in 
that  section,  a  more  extensive  smelting  plant  would  be  more  favorably 
situated  at  some  other  point.  A  great  increase  of  traffic  might  require 
such  a  change  in  service  that  a  road  constructed  for  present  needs  would 
be  entirely  unsuitable  for  the  work,  and  the  necessary  changes  would  be 
equal  to  the  construction  of  a  new  line.  It  would  be  unreasonable  to 
construct  and  equip  a  first-class  road  for  twenty  daily  trains  while  the 
present  business  would  require  but  one  train. 

In  view  of  these  conditions  it  would  befiiir  to  assume  that  the  price 
per  ton  should  contemplate  the  refunding  of  the  capital  expended,  in  a 
period  of  twelve  years,  as  the  probable  time  when  the  proposed  road 
would  reach  the  end  of  its  usefulness.  Figures  show  that  four  dollars 
per  ton  would  provide  for  maintenance,  operation,  interest  on  capital, 
and  refunding  of  capital  in  twelve  years,  with  a  construction  cost  of 
$35,000  per  mile.  This  demonstrates  that  there  was  no  danger  of  ex- 
ceeding tlie  safe  limit. 


136  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

In  the  further  consideration  of  what  would  be  a  justifiable  expendi- 
ture for  the  traffic  it  became  evident  that  there  w'as  no  occasion  to 
approach  very  near  the  cost  of  wagon,  or  tramway,  rates,  but  it  was  not 
desired  to  carry  economy  in  construction  to  a  point  out  of  proportion 
w'ith  economy  in  operation. 

The  number  of  daily  trains  is  a  factor  affecting  cost  of  transporta- 
tion and  of  maintenance,  and  thus  influencing  the  question  of  location. 
The  minimum  train  service  is,  of  course,  one  full  crew,  and  in  this  Case 
it  was  desirable  to  so  proportion  the  engines  and  grades  to  the  traffic 
that  one  crew  should  be  able  to  do  the  daily  work,  and  with  one  trip 
per  day,  if  possible,  although  the  mileage  (twenty-six  miles)  would  not 
prohibit  two  trips  if  necessary. 

The  question  of  gauge  for  such  a  road  is  an  important  one.  Able 
writers,  and  engineers,  have  in  the  past  discussed  this  question  in  its 
application  to  all  railroads.  The  question  here,  where  there  was  a 
connection  with  another  railroad  at  one  end  only,  is  not  so  broad. 

Many  of  the  arguments  for  and  against  a  three-foot  gauge,  as  com- 
pared with  the  standard  4  feet  8i  inches,  are  not  capable  of  expression 
in  money  value.  We  find,  for  narrow  gauge,  cheaper  construction  by 
reason  of  using  sharper  curves  on  a  mountain  side,  reducing  heavy  cuts 
and  high,  expensive  bridges,  crossing  chasms  ;  narrower  roadbed ;  lighter 
bridges,  and  lighter  rails,  ties  and  fastenings.  There  would  probably  be 
not  much  difference  in  the  cost  of  equipment,  as  the  smaller  number  of 
cars  required  for  standard  gauge  road  would  nearly  offset  the  difference 
in  cost.  By  using  principally  cai's  of  other  roads,  the  standard  gauge 
equipment  could  be  made  to  cost  less  than  the  other.  The  engines,  to 
perform  the  same  service,  might  cost  20  per  cent,  more  on  the  standard 
gauge  road,  but  it  would  probably  be  economical  to  purchase  engines 
capable  of  doing  50  per  cent,  more  work,  at  an  increase  of  cost  of  30 
per  cent. 

Maintenance  of  the  narrow  gauge  is  more  expensive  by  reason  of 
the  greater  amount  of  curvature,  but  less  expensive  on  account  of  the 
lighter  track  material  and  lighter  rolling  stock.  On  the  whole,  main- 
tenance expense  is  probably  less  on  the  narrow  gauge. 

Transferring  from  the  cars  of  one  gauge  to  the  other  does  not  make 
much  additional  expense,  especially  with  traffic  of  such  a  nature  as  is 
found  in  this  case.  The  incoming  material  is  principally  coal  and  coke, 
loaded  in  box,  stock,  or  gondola  cars,  from  which  it  is  necessary  to 
shovel  it.  By  unloading  these  cars  into  bins,  from  which  the  coal  and 
coke  can  be  drawn  out  below,  into  narrow  gauge  cars,  which  can  be 
unloaded  by  drop  bottoms  and  side  gates,  there  is  scarcely  any  more 
handling  than  if  the  broad  gauge  cars  delivered  the  material  at  the  des- 
tination.    There  is  an  additional  expense  in  switching. 
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The  outgoing  product,  metal  and  bullion,  lias  to  be  handled  once 
extra,  but  this  is  in  such  shape  (in  sacks)  that  it  can  be  very  cheaply- 
transferred  by  trucking  from  car  to  car. 

The  use  of  foreign  cars  on  such  a  short  road  would  show  a  ear 
mileage  balance  against  the  road  at  all  times.  The  few  cars  owned  by 
the  road  would  be  away  from  home,  widely  scattered,  and  probably 
standing  on  side  tracks,  earning  no  mileage  (unless  the  per  diem  system 
came  into  practice)  nine-tenths  of  the  time.  By  using  broad  gauge  and 
foreign  cars  the  car  repairing  account  would  be  largely  increased.  The 
old  cars  of  other  roads  are  always  finding  their  way  to  small  roads, 
in  out-of-the-way  places,  where  they  undergo  repairs  before  returning 
home. 

The  clerical  force  for  the  short  narrow  gauge  road  is  rendered  much 
less  by  dispensing  with  all  the  help  usually  employed  in  the  car  account- 
ant's office. 

As  it  was  possible  to  do  the  required  daily  work  with  one  crew  on 
either  gauge  there  Avould  be  no  material  difference  in  cost  of  train 
service. 

AVhile  no  careful  location  for  a  standard  gauge  road  Avas  made, 
sufficient  data  were  obtained  to  show  that  the  cost  of  roadbed,  bridges 
and  track  material  would  be  increased  not  less  than  80  per  cent.,  or 
reduced  to  the  cost  of  hauling  the  traffic,  would  add  an  interest  charge 
equivalent  to  twenty  cents  per  ton. 

There  was  little  choice  as  to  route.  The  works  being  situated  2,300 
feet  in  elevation  above  the  Verde  River,  any  practicable  grade  making 
the  descent  would  be  developed  so  far  westerly  around  the  mountain 
that  the  only  proper  thing  to  do  would  be  to  connect  with  the  existing 
road  near  at  hand,  although  there  were  many  reasons  for  desiring  a 
connection  directly  with  the  Atlantic  and  Pacific  Railway,  without  the 
intermediate  line  of  the  Santa  Fe,  Prescott  and  Phcenix  Railway. 

The  junction  point  was  selected  at  a  place  where  water  could  be 
obtained,  the  line  being  lengthened  about  3,000  feet  for  this  purpose. 
Water  is  scarce  in  Arizona,  and  there  are  long  stretches  where  none  can 
be  found.  With  no  water  along  this  line  it  was  quite  necessary  to  have 
a  water  station  at  each  end. 

The  difference  in  elevation  between  the  termini  is  about  nine  hun- 
dred feet.  It  would  have  been  possible  to  make  a  descending  grade 
from  the  mine  to  a  point  on  the  Santa  Fe,  Prescott  and  Phoenix  Rail- 
way, by  passing  around  the  mountain  with  a  great  loss  of  distance. 

The  mountain  sides  are  cut  by  great  ravines  occurring  frequently, 
with  only  sharp  ridges  between,  which  extend  for  a  mile  or  more,  without 
much  change  of  elevation  in  the  crest.  To  pass  around  one  of  these 
ridges  from  one  gulch  or  chasm  to  the  next  would  require  a  detour  of 
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over  a  mile  to  advance  less  than  one  fourth  the  distance.  There 
appeared  to  be  less  difficulty  in  crossing  these  ridges  near  the  point 
where  they  started  out  from  the  main  body  of  the  mountain,  or  through 
some  saddles  or  depressions  in  the  spurs,  not  far  distant  from  such 
point. 

The  selection  of  these  places  to  give  the  shortest  line  and  cheapest 
construction  gave  some  undulations  to  the  grade  not  otherwise  neces- 
sary. This  also  influenced  to  some  extent  the  selection  of  the  maximum 
grade.  There  were  two  such  spurs  in  the  first  three  and  a  half  miles 
next  Jerome,  where  any  lighter  grade  would  have  added  materially  to 
the  length  of  the  line.  A  level  or  descending  grade,  out  of  Jerome, 
would  have  carried  the  line  several  miles  northward  to  pass  around 
projecting  spurs.  So  long  as  the  maximum  grade  was  kept  down  so  as 
not  to  aflfect  the  handling  of  the  daily  business  with  one  train,  this  fea- 
ture was  not  considered  very  objectionable. 

The  selection  of  the  engine  for  the  work  was  made  with  the  proba- 
ble grade  in  view.  The  sharp  curvature  to  be  used  demanded  that  the 
rigid  wheel-base  of  engine  should  be  as  short  as  practicable.  The 
attempt  was  made  to  adjust  these  factors  of  grade  and  curvature,  affect- 
ing train  capacity  and  construction  cost,  to  the  weight  and  class  of 
engine  so  as  to  produce  the  most  economical  condition  in  operation. 

A  Mogul  engine,  with  9  feet  rigid  wheel-base,  was  able  to  do  the 
work  on  a  3  per  cent,  grade,  and  could  be  made  to  pass  over  curves  of 
100  feet  radius.  For  greater  ease  and  comfort  the  limiting  radius  was 
made  146  feet,  except  in  one  instance,  where  162°  were  turned  with 
130  feet  radius.  This  sharp  curvature  was  needed  in  crossing  the 
ridges  without  excessive  cutting  or  tunnels ;  in  crossing  the  gulches 
without  very  high  bridges,  and  in  placing  the  line  closely  on  the  side- 
hills  to  make  a  roadbed  chiefly  in  cutting,  for  greater  permanence,  or 
where  the  steepness  of  the  hillsides  prohibited  the  building  of  embank- 
ments. For  fully  one-half  the  distance  of  the  13.66  miles  on  the  moun- 
tain the  natural  slopes  were  not  flatter  than  2  to  1,  and  for  the  balance 
there  were  few  places  where  it  was  flatter  than  3  to  1.  Using  40°  curves 
gave  cutting  at  the  crossing  of  ridges  from  10  to  25  feet  in  depth  (in  one 
cut  48  feet).  The  crossing  of  gulches  with  similar  curves  gave  bridges 
from  25  to  48  feet  in  height.  The  excavations  on  the  mountainous  por- 
tions amounted  to  110,000  cubic  yards,  against  150,000  cubic  yards  em- 
bankment with  practically  no  waste  excavation,  with  a  300  feet  haul, 
while  the  comparative  lengths  of  cut  and  fill  on  center  line,  for  the  full 
distance,  are  47,430  cut  to  20,500  fill,  omitting  3,350  lineal  feet  in 
bridges. 

This  gives  an  idea  of  the  steepness  of  the  slopes  encountered. 

The  maintenance  of  roatlbed  is  an  important  matter,  and,  in  that 
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section  of  couutry,  this  would  be  attended  with  much  less  expense.with  the 
light  train  service,  where  the  track  rested  upon  original  ground  in  an 
excavation,  than  where  high,  or  side-hill,  embankments  were  made. 
Some  additional  curvature  was  used  in  so  constructing  the  road  as  to 
avoid  borrowing  for  fills. 

The  grading  in  the  valley  amounted  to  4,000  cubic  yards  per  mile, 
exclusive  of  terminal  grounds.  The  roadbed  here  was  principally  in 
embankment.  On  the  mountain,  the  work  averaged  per  mile  :  earth  ex- 
cavation, 500  cubic  yards  ;  loose  rock,  2,000  cubic  yards;  solid  rock, 
5,500  cubic  yards;  ballast  (in  the  excavation  only),  1,000  cubic  yards  ; 
and  borrow,  1,000  cubic  yards,  making  a  total  of  about  10,000  cubic 
yards  per  mile. 

The  location  of  line  was  begun  May  14,  1894.  The  mountainous 
portion  of  the  line  (13.66  miles)  consumed  the  time  of  a  party  of  eleven 
men  about  seven  weeks,  making  a  progress  of  about  one-third  of  a  mile 
per  day.  The  alignment  gives  an  average  of  727°  of  angle  per  mile  (2 
full  circles),  and  the  average  length  of  tangent  is  166  feet.  There  was 
no  preliminary  line,  except  that  run  from  day  to  day  by  the  location 
party.  There  was  no  water  near  the  line,  except  at  the  ends.  There  is 
a  spring  four  miles  south  of  line  on  the  west  side  of  the  mountain.  This 
made  the  extreme  haul  of  water  eleven  miles.  During  the  survey,  the 
camp  supplies  and  water  were  packed  on  burros.  The  difficulties  of 
transportation,  and  even  of  walking,  can  be  understood  by  the  statement 
of  a  member  of  the  party,  made  one  Sunday  afternoon.  He  said  "  We 
have  had  no  water  since  yesterday  at  4  o'clock."  The  distance  from 
the  camp  to  Jerome,  where  there  was  plenty  of  water,  was  only  four  and 
a  half  miles  by  trail,  and  the  party  did  not  work  Sunday.  It  cost  $5  a 
day  to  pack  water  and  supplies  to  this  camping  ground  for  the  engineer- 
ing party. 

The  maximum  grade  (3  per  cent.)  was  equated  for  curvature  at 
the  rate  of  0.03  foot  per  degree.  As  the  curves  were  very  frequent,  with 
short  tangents  between,  often  less  than  one  hundred  feet,  the  compensa- 
tion for  curvature  was  distributed  so  as  not  to  make  changes  of  grade 
for  distances  less  than  three  hundred  feet.  It  is  impracticable  on  any 
road  to  have  grade  changes  maintained  at  the  precise  ends  of  curves, 
and  it  is  better,  in  all  cases,  where  tangents  are  short,  to  limit  the 
changing  points  to  not  less  than  five  hundred  feet,  using  an  average 
grade  extending  over  curve  and  tangent,  which  will  allow  the  proper 
amount  of  compensation. 

No  reverse  curves  were  allowed,  the  minimum  tangent  being  fixed 
at  60  feet.  This  might  better  have  been  made  100  feet.  It  would 
probably  have  been  better  to  have  made  this  limit  150  feet,  or  even  200, 
as  in  most  cases  the  lateral  movement  of  the  center  of  the  curve   of  100 
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feet  length,  in  doubling  its  length,  does  not  add  very  much  to  the  cost 
of  work,  and  the  character  of  the  alignment  of  road  is  much  improved  by 
not  having  changes  of  direction  made  too  abruptly. 

Examination  of  the  map  of  the  line  will  show  a  place  where  it  would 
appear  to  be  desirable  to  construct  a  tunnel,  and  where  400  feet  of  tun- 
nel, witli  not  very  heavy  approaches,  would  shorten  the  line  4,700  feet. 
Seven  thousand  dollars  were  spent  in  grading  the  longer  line  around  the 
hill.  The  tunnel  would  probably  have  required  a  timber  lining,  and  the 
cost  of  timber  would  have  been  great.  All  supplies,  powder  and  water 
would  have  had  to  be  packed  to  the  work,  or  an  expensive  wagon  road 
would  have  had  to  be  constructed.  The  difference  in  cost,  now,  Avith  the 
railway  in  operation,  will  justify  the  spending  of  the  $70,000  for  a  tem- 
porary line. 

When  construction  was  begun,  a  wagon  road  was  built  along;  the 
westerly  portion  of  the  mountain  work.  On  the  easterly  end,  burros 
were  used  for  packing  all  supplies,  powder,  tools  and  water. 

The  grading  Avas  begun  the  23d  of  May.  The  scarcity  and  expense 
of  water  for  stock,  the  difficulty  of  getting  cars  and  track,  or  carts, 
made  it  best  to  use  wheelbarrows  as  much  as  possible  in  moving  the 
material  from  cuts  to  fills.  A  few  mining  cars,  pushed  by  men  on  light 
tee  rail,  were  used  on  the  east  end,  and  eight  carts  were  in  service  on 
the  westerly  end  in  making  the  longer  hauls.  Debris  can  be  wheeled 
but  a  short  distance  with  profit  at  the  usual  prices.  It  was  also  found 
that  it  cost  more  to  handle  carts  in  the  narrow  cuts  and  on  narrow 
banks,  than  is  usual  on  broad  gauge  roadbed. 

The  work  of  grading  was  mostly  done  by  contract,  the  railway 
company  furnishing  all  supplies  and  tools  for  purchase  by  the  con- 
tractor. The  amount  of  work  given  to  any  party  was  based  on  the 
engineer's  judgment  of  the  ability  to  handle  ;  in  some  places  a  single  cut 
being  let  to  a  gang  in  partnership  for  that  piece  of  work  only.  The  cost 
of  hauling  water  eleven  miles  was  found  to  be  four  cents  per  gallon,  and 
five  gallons  per  day  per  man  was  about  the  amount  required. 

Packing  on  burros  cost  five  cents  a  gallon  for  four  miles;  this  sum 
probably  gave  some  profits  to  the  packer,  who  drove  eight  buri'os,  each 
loaded  with  twenty  gallons. 

The  roadbed  was  made  twelve  feet  wide  at  grade  in  cuts,  and 
twelve  feet  wide  on  top  of  embankments.  Excavations  were  made  one- 
half  foot  below  grade  for  ballast,  The  material  being  mostly  rock, 
making  fair  ballasting  material,  six  inches  of  the  broken  stone  were  put 
in  by  the  grading  contractors  preparing  the  surface  for  the  ties.  The 
roadbed  was  brought  into  excellent  surface,  the  engineers  setting  grade 
pegs  every  twenty-five  feet,  generally,  giving  the  proper  elevation  for 
curves.     The  fine  condition  of  roadbed  was  a  great  help  in  track-laying, 
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as  it  would  have  beeu  almost  impossible  to  use  any  track  until  surfaced, 
on  account  of  the  numerous  sharp  curves,  if  the  roadbed  had  been 
rough. 

The  grading  was  prosecuted  so  that  tracklaying  could  begin  at  the 
the  west,  and  not  be  delayed  for  roadbed. 

Nearly  all  the  material  for  bridges  had  to  be  taken  to  the  bridge 
sites  by  team,  or  had  to  be  hauled  ahead  by  wagons  on  the  grade. 
There  was  very  little  opportunity  to  haul  ahead  on  the  grade,  as  there 
was  seldom  a  half  mile  without  a  bridge,  and  it  was  not  practicable  to 
get  across  the  gulches  with  wagons  loaded  with  timber.  It  would  have 
added  largely  to  the  expense  to  attempt  to  construct  bridges  far  ahead 
of  the  rails. 

The  bridges  were  mostly  trestle  bents  on  subsills,  with  spans  of 
nearly  sixteen  feet,  excepting  at  a  few  places,  where  piles  could  be 
driven.  The  pile  bridge  had  three  piles  to  the  bent,  with  14-feet  spans. 
The  trestle  bents  had  four  posts  (two  batter  and  two  plumb)  under  a 
ten-foot  cap  of  12  by  12  timber.  There  were  six  stringers,  7  by  16  to 
the  span.  Bridge  ties  were  6  by  8,  12  feet  long,  spaced  15  inches 
centers,  and  a  guard  rail  5  by  8  was  dapped  down  on  the  ends  of  the 
ties.     The  posts  were  of  round  timber,  standing  on  flattened  sills. 

The  round  timber  was  procured  on  the  Mesa,  on  top  of  the  moun- 
tain, and  was  run  down  to  the  line  in  slides,  wdiere  it  was  impracticable 
to  construct  a  cheap  wagon  road.  It  was  necessary  to  load  most  of  it 
on  cars,  to  be  hauled  forward  as  the  track  progressed.  The  heights  for 
trestles  w^ere  determined  in  advance,  so  that  all  framing  of  posts  and 
sills  was  done  before  loading  on  cars.  The  most  of  the  bridges  were  on 
curves  and  the  elevation  was  framed  in  the  posts.  The  subsills  were 
cross  ties  cut  in  two  pieces,  as  the  price  of  ties  was  no  greater  than  other 
timber.  They  were  more  convenient  for  handling,  and  gave  the  liberty 
of  using  a  greater  or  lesser  number  of  pieces  under  each  bent,  depending 
upon  the  nature  of  the  foundation.  Generally,  twelve  pieces  were  suffi- 
cient for  each  bent.  Sawed  timber  was  furnished  by  sawmills  located  at 
Williams,  on  the  Atlantic  &  Pacific  Railroad,  about  sixty-five  miles 
distant. 

The  bridges  were  built  by  contract  at  a  price  per  thousand  feet 
B.  M.,  the  railway  company  furnishing  the  material.  The  foundations 
were  prepared  by  day  force  working  for  the  railway  company,  and 
were  always  ready  in  advance  of  the  bridge  crew*. 

A  sufficient  crew  was  kept  erecting  bi'idges  to  enable  the  structure 
to  be  set  up  with  the  least  possible  delay  for  all  parties.  That  is,  it  was 
planned  to  have  each  structure  ready  for  crossing  as  soon  as  the  track 
to  that  point  had  been  surfaced,  one  crew  being  used  for  both  track- 
laying  and  surfacing.     The  bridge  crew  would  finish  up  all  bracing, 
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spiking  and  placing  of  guard  rails  while  the  track  would  be  advancing 
to  the  next  structure.  There  was  not  a  day  of  idle  time  for  either  force 
during  the  construction  of  twenty-six  bridges  and  the  laying  of  thirteen 
miles  of  track. 

Track-laying  was  begun  on  the  13th  of  August.  Across  the  open 
country,  twelve  miles  at  the  west  end,  rails  were  laid  from  an  iron  car, 
and  ties  were  distributed  with  teams.  On  the  mountain,  teams  could  not 
be  used  while  the  track-laying  was  progressing,  as  it  was  not  possible  to 
get  on  or  off  the  grade  except  at  a  few  places.  The  bridge  sites 
(gulches)  prevented  hauling  ahead  while  the  bridge  was  being  built. 
The  frequency  of  the  bridges  prevented  working  nights,  as  generally  but 
one  day's  laying  could  be  made  ready  at  a  time.  Hence  the  idle  time 
of  the  teams  would  have  added  to  the  expense. 

It  was  found  best  to  use  a  car  similar  to  the  iron  car,  on  which 
about  125  ties  could  be  piled  on  two  rails.  A  heavy  wagon  and  team 
of  horses  were  placed  on  the  grade  just  ahead  of  the  rails,  and  the  ties 
were  thrown  on  the  wagon,  hauled  ahead  and  distributed  to  half  tie  the 
track,  w^hile  the  iron  and  tie  cars  went  back  for  other  loads.  The 
balance  of  the  ties  were  placed  under  the  rails  by  a  crew  working  just 
ahead  of  the  spikers.  This  method  worked  better  with  the  light,  short 
ties,  6  by  7,  6  feet  long,  than  it  would  with  heavier  ties  on  a  broad 
gauge  road.  It  was  not  practicable  to  use  any  of  the  track-laying 
machines,  with  side  carriers  for  rails  and  ties,  where  the  curves  were  so 
sharp. 

The  track  force  consisted  generally  of  fifty  men,  divided  as  follows : 
A  superintendent,  8  iron  men,  4  strappers,  1  peddler,  10  spikers,  5 
nippers,  2  tie-spacers,  4  tampers,  3  drivers  and  12  tie-buckers. 

This  gang  could  generally  lay  a  half  mile  in  half  a  day,  and  the 
amount  of  material  was  about  a  train  load.  The  other  half  of  the  day 
would  be  spent  in  surfacing  and  filling  track  while  another  train  load 
was  being  brought  forward.  Where  the  distance  between  bridges  was  more 
than  half  a  mile,  sufiicient  material  would  be  brought  to  the  front  to 
permit  the  track-laying  to  continue  to  the  bridge  site  before  the  sur- 
facing Avas  done.  In  surfacing  and  filling  track  across  the  twelve  miles 
of  valley  work,  teams  and  scrapers  were  used.  Material  was  scraped 
from  the  borrow  ])its,  thereby  preventing  the  robbing  of  embankments. 
This  made  the  work  quite  economical.  The  teams  could  not  be  worked 
to  advantage  in  cuts,  nor  where  embankments  were  more  than  three 
feet  high.     Eight  teams  could  fill  a  mile  per  day. 

The  rails  vvere  rolled  at  the  Colorado  Fuel  and  Iron  Company's 
Works,  Pueblo,  Colorado,  45-pound  steel  being  used  on  the  mountain 
and  40-pound  section  on  the  valley  work.  The  45-p()und  section  was 
the  Denver  and  Rio  Grande  Railroad  pattern,  with  sloping  sides  to  the 
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liead.  The  40-pound  section  was  practically  the  American  Society  of 
Civil  Engineers'  section,  with  vertical  sides  on  the  head.  Angle  bars 
24  inches  long,  with  four  holes,  were  used  for  suspended  joints.  The 
same  bar  fitted  either  pattern  of  rail.  The  switch  material  Avas  all 
designed  for  the  40-pound  section,  the  yards  being  laid  with  that  rail,  to 
avoid  confusion.     The  switch  stand  was  the  Banner  pony  stand. 

Kail  braces  were  used  on  all  curves,  five  to  the  rail  on  the  outside 
of  curve  only.  The  brace  was  the  Colorado  Fuel  and  Iron  Company's 
wrought  brace,  which  takes  two  spikes,  and  fits  closely  under  the  head. 

Guard  rails  were  placed  on  the  inside  of  the  inner  rail,  on  all 
curves  of  30°  or  over.  This  guard  rail  was  of  the  40-pound  section, 
and  was  placed  close  enough  to  the  track  rail  to  let  the  flange  of  the 
wheel  press  against  it,  before  it  would  permit  the  flange  of  the  outer 
wheel  to  crowd  very  hard  against  the  outer  rail.  It  was  found  neces- 
sary to  put  rail  braces  against  this  guard  rail,  to  prevent  its  being  over- 
turned, thus  showing  that  it  was  quite  effective  in  preventing  the  wheels 
from  crowding  or  climbing  over  the  outer  rail. 

It  might  have  been  possible  to  save  the  expense  of  guard  rails  on 
curves  of  30°  or  a  little  more.  The  guard  rail  is  an  extra  precaution 
against  derailments ;  and  on  such  steep  mountain  sides  an  accident 
might  be  attended  with  great  damage  to  property  and  possible  loss  of 
life.  It  might  be  advisable  to  economize  in  the  use  of  guard  rails  by 
taking  care,  in  location  of  such  lines,  to  make  a  limit  of  about  24°  for 
curves  without  guard  rails,  taking  slightly  heavier  work,  and  then  using 
only  curves  approaching  the  sharpest,  or  maximum,  curve  permissible 
at  all  places  requiring  sharper  than  24°. .  There  is  a  natural  tendency, 
however,  for  a  locating  engineer  to  use  the  curve  that,  according  to  his 
judgment,  fits  the  place,  regardless  of  such  consideration. 

There  w'ere  no  derailments  on  any  sharp  curves  during  the  time  the 
road  was  operated  by  the  construction  forces.  The  rails  were  all  curved 
at  the  material  yard  at  the  junction  before  moving  to  the  front.  The 
foreman  was  supplied  with  the  alignment  table  showing  the  number  of 
curved  and  straight  rails  required  for  the  track,  and  rails  were  sent  for- 
ward exactly  as  needed.  The  curves  were  numbered  from  the  begin- 
ning, and  the  rails  for  each  curve  were  marked  in  paint  with  the  num- 
ber and  degree  of  curve.  Rails  were  laid  with  broken  joints,  and 
28-foot  rails  were  put  in  as  needed,  to  keep  the  joints  nearly  at  the 
center  of  opposite  rails.  Seventeen  ties  to  the  30-foot  rail  were  used  on 
curves,  and  fifteen  ties  to  the  rail  on  tangents. 

At  the  junction  with  the  Santa  Fe,  Prescott  and  Pha?nix  Railway 
there  were  constructed  coal  and  coke  bins,  with  elevated  tracks,  for  the 
broad-gauge  cars  to  be  run  upon,  for  unloading  into  bins,  from  which 
the  narrow-gauge  cars  can  be  loaded  below.   These  bins  have  a  capacity 
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of  150  tons  of"  coal  and  200  tons  of  coke.     The  bins  consumed  about 
150,000  feet  of  timber  for  construction. 

A  warehouse  and  long  platform  were  constructed  for  the  transfer 
of  freight  in  car  lots,  the  side  tracks  of  the  two  roads  being  on  ojDposite 
sides.  A  joint  station  building  was  provided  for  the  transfer  of  passen- 
gers, baggage  and  express  and  the  small  lots  of  freight.  Section  house 
for  trackmen  was  built  at  a  convenient  point.  At  Jerome  there  is  an 
engine  house  and  turn-table,  and  a  two-story  passenger  and  freight  depot, 
with  office  in  the  second  story.  There  are  coal  and  coke  bins,  elevated, 
so  that  the  fuel  is  delivered  conveniently  for  use  in  the  furnaces  and 
jDOwer-house. 

The  machine  shop  and  foundry  used  with  smelting  works  furnish 
all  necessary  means  for  repairs,  and  usual  work  on  engine  and  cars. 
This  whole  plant  being  so  fur  from  the  centers  where  machinery  and 
supplies  can  be  procured,  it  has  been  necessary  to  have  quite  expensive 
shops. 

There  are  water  tanks,  with  23,000  gallons  capacity,  at  the  ends  of 
the  line,  and  it  is  worth  noting  that  an  engine  tank  of  water  (2,000  gal- 
lons) taken  at  the  junction  will  take  a  train  to  Jerome,  doing  eighteen 
miles  of  work. 

Tracks  are  provided  at  the  junction  for  the  transfer  of  freight 
directly  from  car  to  car. 

The  road  has  two  Baldwin  compound  Mogul  engines,  of  which  some 
of  the  features  are:  two  cylinders,  10  inches  in  diameter;  two  cylinders 
of  17  inches;  stroke,  20  inches ;  drivers,  41  inches  diameter;  driving 
wheel  base,  9  feet ;  engine  wheel  base,  15  feet  5  inches ;  weight  on  driv- 
ers, 60,000  pounds ;  engine  in  working  order,  70,000  pounds ;  capacity 
of  tender,  2,000  gallons  ;  weight  of  tender  loaded,  86,000  pounds;  train 
load,  120  tons  behind  the  tender  on  3  per  cent,  grade.  There  are  fifteen 
flat  cars,  24  feet  long  and  7  feet  wide,  with  platform  3  feet  8  inches  above 
the  rail ;  some  of  these  will  probably  be  changed  to  coal  cars  ;  they  were 
needed  for  construction  work.  There  are  ten  coke  cars,  two  box  cars, 
and  six  coal  cars,  the  latter  with  drop  bottom  and  side  gates,  all  of  the 
same  length,  width  and  height  as  the  flat  cars,  with  28-inch  wheels. 
Freight  cars  have  a  capacity  of  20,000  pounds.  There  is  one  combina- 
tion coach  30  feet  long  antl  8  feet  wide.  All  cars  have  Westiughouse 
air  brakes  and  Janney  couplers.  The  couplers  work  nicely  on  the 
crooked  road.     All  cars  were  purchased  of  the  St.  Charles  Car  Company. 

An  important  item  of  the  cost  of  the  road  is  the  freight  charge  on 
other  roads  on  equipment,  rails  and  lumber.  It  was  found  advisable  to 
have  home  construction  as  far  as  practicable. 

The  following  table  gives  some  information  concerning  the  bridges  : 
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Class  and  .VLici.vMKNT. 


Single  Spans  or  Bulkheads  .    .    . 

Pile  Bridges 

Trestles  on  Tangents 

Trestles  on  16  Degree  Curves  .  . 
Trestles  on  24  Degree  Curves  .  . 
Trestles  on  Curves  30,  34  and  36 

Degrees 

Trestles  on  40  Degree  Curves 
Trestles  on  45  Degree  Curves  .    . 
Trestles  on  Side  Track      .... 


Totals 


No.  of 

No.  of 

Bridges. 

Spans. 

3 

3 

5 

75 

4 

40 

2 

16 

2 

22 

4 

37 

11 

101 

1 

14 

2 

24 

34 

332 

Total 
Length. 


Timber 
Ft.  B  jr. 


38 
1,050 

581 
218 
325 

526 

1,565 

219 

301 


7,442 

138,416 

123,259 

33,940 

64,973 


Approximate 
Weight. 


4  to     7   ft. 

5  to  8  ft. 
25  to  4S  ft. 
20  and  25  ft. 
27  and  40  ft. 


89,410  I  25  to  35  ft. 

300,435  20  to  45  ft. 

50,359  ;             48  ft. 

50,194  30  and  34  ft. 


4,826        858,428 


The  pile  bridges,  and  one  of  the  single  spans,  are  in  the  valley, 
west  of  the  mountains.  It  will  be  seen  by  the  table  that  the  gulches 
were  all  crossed  at  about  the  same  height.  It  was  thought  to  be  advis- 
able not  to  exceed  fifty  feet  in  height,  for  bridges  crossing  the  gulches 
nor  to  lengthen  the  line  by  pushing  up  into  narrow  ravines,  making  a 
bridge  less  than  thirty  feet  high.  The  gulches  had  to  be  crossed  with 
curves,  and  places  were  selected  by  using  a  suitable  curve  which  would 
keep  the  height  of  bridge  within  the  limits.  About  one-half  the  places 
required  40°  curves. 

This  bridge  work  covered  one  hundred  days,  with  a  gang  of  sixteen 
men  and  one  team  of  horses.  The  work  included  framing  and  erecting, 
and  practically  amounted  to  500  feet  of  titnber  per  day  to  the  man.  A 
wire  cable  was  stretched  across  the  bridge  opening  at  each  place,  and 
all  the  timber  for  the  bents  was  lowered  to  place  piece  by  piece  and 
packed.  The  bents  were  then  raised  by  using  the  cable.  The  deck  was 
run  out  on  dollies  in  the  usual  way. 

The  curvature  on  the  line  presents  some  interesting  figures,  which 
are  shown  in  the  following  table  : 


Degree  of  Curves. 

No.  of       Angle,           Angle,            Total,      1 
Curves.        Kight.            Left.       ;      Angle. 

Length, 
Total. 

In  Feet, 
Average. 

From    1  to  10  degrees 

"      11  ''  20       " 

"      21  "  30       " 

"      31  "  40       " 

45       " 

41 
59 
44 
42 
1 

423°  28^,  293°  30^ 
1105°  15^  981°  17^ 
1719°  49'  1127°  03' 
1706°  IV  2414°  00' 

....         162 

1 

717°  18' 

2086°  32' 

2846°  52' 

4120°  11' 

162 

9284.8 
13277. 
10531.5 
10521.4 

360 

226.4 
225 

239.5 
250.5 

Totals 

187 

4955°.03'  4977°  50' 

9932°  .53' 

43974  8 

234 

Total  length  of  line  covered  by  these  curves 72,125    feet,  or  13.66  miles. 

Aggregate  length  of  all  curves 43,974.8    "     or    8.33     " 

"  "       tangents 28,150       "     or    5.33     " 

Average         "  "       curves 234       '' 

"  "  "       tangents 166       " 

13 
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Longest  curve  is  16°,  or  960  feet. 

Largest  angle  is  in  a  thirty-degree  curve,  162°  54^. 

Longest  tangent  is  657.5  feet. 

Average  curve  extending  over  entire  line  would  be  13°  46^. 

Average  curve  extending  over  curved  portion  of  line  would  be  22°  35^. 

Sixteen  of  the  above  curves  are  compounds,  but  the  parts  are  taken 
separately  in  the  lists  of  curves.  Compounds  are  taken  as  single  curves 
in  giving  average  tangent.  The  amount  of  angle  right  or  left  differs 
only  22°.  The  numbers  of  curves  in  the  different  groups,  as  above 
taken,  do  not  differ  greatly.  The  greatest  number  of  curves  are  found 
to  be  13—10°,  16—12°,  16—20,°  13—24,°  23—30,°  34—40°. 

The  cost  of  the  railway  in  working  order,  including  equipment,  can 
be  approximately  taken  at  $12,000  per  mile.  As  nine-tenths  of  the 
expense  of  grading  and  bridging  occurred  on  the  mountainous  portion, 
the  cost  of  this  part  comes  to  about  $15,000  per  mile. 

The  various  items  of  cost  are  shown  by  percentage  as  follows: 


Grading 

Depot  grounds  (grading)   .    . 

Bridge  material 

Bridge  framing  and  erecting 

Ties 

Engineering  expenses  .  .  . 
Rails  and  fastenings  .... 
Track  laying  and  surfacing  . 
Handling  all  material  .  . 
Construction  train  service     . 

Buildings 

Equipment 

Freight  paid  otiier  roads  .    . 


30.0 

per  cent. 

3.0 

5.0 

3.0 

5.0 

3.3 

23.0 

4.4 

13 

1.6 

3.4 

7.0 

10.0 

100.0 

In  estimating  the  expenses  of  managing  and  operating  the  road,, 
the  force  required  and  the  principal  items  of  salaries,  wages,  etc.,  were 
taken  as  follows : 

OFFICERS   AND   AGENTS.  p^j^  P^^ 

Su[)erintendent,  1  clerk;  auditor,  1  clerk;  2  agents     ....       Salaries,        $22  00 

MAINTENANCE  DEPARTMENT. 

Three  foremen,  bridge  carpenter,    12   laborers Wages,  25  00 

TRAIN   SERVICE. 

One  crew 15  00 

MACHINERY    DEPARTMENT. 

Machinist,  car  rei)uirers  and  supplies 12  00 

Fuel— 4  tons  coal  @  $6.50  per  ton 26  00 

Total $100  00 
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It  was  expected  that  tlie  superintendent  would  perform  tlie  duties 
of  roadmaster,  and  that  the  bridge  carpenter  would  obtain  assistance 
from  sectionmen  and  car  repairers. 

The  laborers  include  those  re(piired  for  transferring  at  the  junction. 
The  smelter  people  were  expected  to  load  and  unload  cars  at  the  works. 

Machinists  and  car  repairers  would  be  under  the  direction  of  the 
superintendent  of  machinery  at  the  works. 

With  a  traffic  of  120  tons  per  day,  which  will  be  about  the  average 
for  the  next  two  years,  the  cost  per  ton  is  0.838.  Interest  charge  on 
outlay  for  construction,  $18,600.  Interest  charge  per  ton,  0.425.  Total 
cost  per  ton,  $1,258,  or,  approximately,  5  cents  per  ton  per  mile.  This 
is  rather  a  startling  figure  compared  with  rates  at  which  the  trunk  lines 
of  the  country  are  doing  business. 

The  line  was  completed  and  regular  train  service  was  j)ut  in  opera- 
tion the  first  day  of  December,  1894. 
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RIPARIAX    OWNEKSlIir    OF    LANDS    UORBERIXG    ON 
T^AKES  AXD  RIVERS. 


15y  J.  H.  Armstrong,  Member  of  the  Civil  Engineers' Society  of  St.  Paul. 


[Read  December  3,  1894.] 

The  following  paper  treats  of  the  method  of  establishing  the  side 
lines  of  riparian  lot-owners  over  the  beds  of  lakes  and  rivers. 

We  may  take,  as  a  basis,  the  proposition  that  all  lots  bounded  by- 
tide  waters  take  to  high-water  mark,  while  lots  bounded  by  the  great 
lakes  and  navigable  rivers,  take  to  the  low-water  mark.  In  both  cases 
they  are  entitled  to  all  accretions  and  relictions.  Lots  bounded  by  non- 
navigable  lakes  and  rivers  take  to  the  center  of  the  stream,  and  include 
all  islands  not  otherwise  disposed  of  by  the  Government. 

The  method  of  establishing  the  lines  from  the  point  where  the 
Government  survey  ends  is  the  principal  subject  of  this  paper.  Of 
course,  when  an  agreement  cannot  be  arranged  between  property  own- 
ers, the  question  has  to  be  decided  by  the  courts,  yet  the  surveyor  is  a 
very  necessary  factor  in  the  case.  To  him  it  is  given  to  make  the  sur- 
veys and  to  mark  such  subdivisions  as  his  judgment  dictates,  estimating 
quantities  and  preparing  the  engineering  part  of  the  case  for  the  Court. 
The  Court,  not  being  a  surveyor,  takes  the  plans  and  evidence  at  hand 
and  decides  accordingly.  If  the  plans  and  evidence  are  faulty,  the  case 
may  be  decided  contrary  to  its  real  merits;  consequently  the  surveyor 
should  be  fairly  well  posted  in  the  decisions  of  former  cases  or  his  clients 
may  suffer. 

We  will  now  take  up  the  matter  of  lots  bounded  by  rivers. 

Fig.  1  will  illustrate  the  point 
to  which  I  wish  to  call  your  atten- 
tion, viz. :  the  subdivision  of  the 
river  bed  and  the  extension  of  the 
side  lines  over  those  islands  under 
the  common  huv.  I  have  shown 
here  a  portion  of  the  Mississippi 
River,  with  several  small  islands. 

Just  south  of  lot  3,  section  6, 
you  will  see  a  small  island.  You 
would  naturally  suppose  that  that 
piece  of  land  belonged  to  the  owner  of  lot  3  ;  yet,  should  the  deep  water 
channel  be  north  of  that  island,  no  matter  if  only  100  feet  wide,  the  title 
to  that  island  and  to  the  one  in  the  center  of  the  river  (joes  to  the  owner 
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of  lot  8.  Now,  the  common  law  is  supposed  to  dispense  common  justice 
to  all,  yet  I  see  but  little  of  the  latter  article  in  the  provision  of  the  law 
in  this  case.  The  old  Roman  law,  by  Gains,  states  that  if  an  island 
rises  in  the  middle  of  a  river,  title  to  it  is  divided  between  the  property 
owners  on  each  side ;  if  on  one  side,  it  goes  to  the  nearest  property 
owner.     This  looks  more  like  justice. 

Of  what  use  is  the  deep-\vater  channel  to  the  owner  of  lot  No.  8  ? 
To  reach  it  he  would  have  to  wade  through  one-half  mile  of  water  from 
one  to  two  feet  deep.  He  would  not  be  allowed  to  construct,  for  ship- 
ping purposes,  a  dock  running  out  to  that  point.  He  is  entitled  simply 
to  one-half  of  the  last  drop  of  water  in  the  river,  and  this  title  is  a 
phase  of  the  question  that  will  give  us  but  little  trouble.  Navigable 
rivers  are  not  in  the  habit  of  going  dry.  We  may  have  low  water  for  a 
few  weeks  in  each  year,  but  the  stream  may  be  full  to  the  banks  for  the 
balance. 

To  illustrate  the  situation,  we  will  suppose  that  the  owner  of  lot  8 
takes  possession  of  those  islands  and  improves  them.  They  may  be  very 
valuable.  Then  a  gradual  change  of  channel  takes  place,  the  river  cut- 
ting away  the  south  bank  until  lot  8  entirely  disappears.  Of  course, 
the  owners  of  lots  2  and  3  would  extend  their  lines  to  the  south.  In 
fact,  I  know  of  no  limit  to  the  extension,  for  the  law  provides  that  own- 
ers of  lots  bounded  by  rivers,  being  subject  to  loss,  are  not  to  be  held 
accountable  for  their  gains.  iSee  Jefferies  vs.  The  East  Omaha  Laud 
Company.)  You  can  see  at  a  glance  that  fixing  the  boundaries  in  that 
neighborhood  would  be  attended  with  soiue  difficulty. 

Then  we  will  take  lots  2  and  3,  section  5,  and  suppose  that  a  large 
amount  of  land  has  formed  along  their  frontage.  How  are  we  to  cor- 
rectly divide  these  accretions  amongst  the  lot-owners?  The  land  thus 
formed  is  sometimes  of  great  value,  and,  as  the  case  often  arises,  the 
matter  is  worthy  of  your  careful  attention. 

Prof  Johnson,  in  his  excellent  work  on  surveying,  gives,  as  a  rule, 
that  we  start  at  the  original  meander  line  and  run  to  the  center  of  the 
river,  as  nearly  as  possible  at  right  angles  with  the  general  course  of 
the  same.  This  seems  to  be  somewhat  in  conflict  with  the  instructions 
of  the  General  Land  Office  and  the  laws  adopted  by  Congress  in  1805, 
which  direct  that  "  the  lines  of  fractional  sections  shall  be  established  by 
running  from  established  corners  due  north  and  south  or  east  and  west 
to  the  water  course,  Indian  Reservation  or  other  external  boundaries  of 
such  fractional  sections.''  ...  As  an  illustration,  we  will  take  the 
case  of  Jefferies  vs.  the  East  Omaha  Land  Co.  (Supreme  Ct.  Reps.,  Vol. 
10,  p.  519).  The  case  was  tried  in  the  United  States  Circuit  Court 
before  Judge  Brewer,  and  in  summing  up  he  quotes  the  statute  of  1805, 
directing  that  the  lines  be  run  due  north  and  south  or  east  and  west, 
and  decides  as  follows  : 
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"These  views  result  in  the  conclusion  that  the  side  lines  of  Lot  4 
are  to  be  extended  to  the  river — not  as  the  river  ran  at  the  time  of  the 
survey  in  1851,  but  as  it  ran  at  the  time  of  the  patent  in  1855,  and  that 
all  land  which  existed  at  the  latter  date  between  the  side  lines  so 
extended  and  between  the  line  of  the  lot  on  the  south  and  the  river  on 
the  north  was  conveyed  by  the  patent." 

The  case  was  carried  to  the  United  States  Supreme  Court,  and  the 
decree  of  the  Circuit  Court  was  sustained. 

I  consider  this  case  of  great  importance,  sustaining  the  point  which 
I  make,  tliat  the  lines  should  be  extended  to  the  bank  of  the  rivei  and 
then  deflected,  the  common  law  continuing  the  survey  from  that  point. 

The  west  line  of  the  lot  in  question  was  the  west  line  of  Section  21, 
Township  75  N.,  Range  44  W. ;  and  the  lot  was  bounded  on  the  north 
by  the  Missouri  River.  It  originally  contained  37.24  acres,  and  the 
accretions  amounted  to  40  acres  more,  the  side  lines  being  extended 
north  about  1,320  feet.  The  first  course  of  the  original  meander  line, 
starting  at  the  west  line  of  Section  21,  was  S.  71°  east.  Should  you 
start  at  the  original  meander  corner  and  run  a  line  at  right  angles  with 
the  river  a  distance  of  1,320  feet,  you  would  be  about  450  feet  east  of 
where  the  line  is  now  placed,  a  difference  entirely  too  great  to  be  lightly 
considered.  It  stands  to  reason,  that  the  water  course  means  the  bank 
of  the  river;  that  is  to  say,  no  attention  would  be  paid  to  overflowed 
meadow  lands,  nor  would  the  lines  be  extended  over  a  portion  of  the 
river  bed  on  account  of  low  water.  I  am  aware  that  by  producing  the 
lines  to  the  river  bank,  lot-owners  may  sometimes  lose  a  water  frontage; 
but  with  that  the  surveyor  has  nothing  to  do.  He  is  making  a  survey 
under  the  instructions  of  the  United  States  Government;  and  if  these 
instructions  mean  anything,  they  mean  that  the  lines  shall  be  extended 
due  north  and  south  or  east  and  west.  It  may  be  said  that  the  lot,  as 
bought  by  the  owner  from  the  Government,  had  a  frontage  on  the  river, 
according  to  the  official  survey ;  but  it  must  be  remembered,  also,  that 
he  bought  that  piece  of  land  under  the  laws  adopted  by  Congress  in 
1796  and  1805,  which  give  full  directions  how  those  lines  shall  be  estab- 
lished. Any  laud-owner  can  plat  his  land,  and  give  full  instructions 
how  the  lot  lines  are  to  be  extended  over  a  pond  on  his  land  or  the 
accretions  along  a  river  front;  and  if  those  instructions  are  plain 
enough,  no  law  can  change  them.  City  lots,  bounded  by  a  pond,  would 
be  deflected  at  the  point  where  the  water  line  originally  cut  the  lot  line, 
unless  a  clause  in  the  original  plat  directed  otherwise.  It  seems  to  be 
no  more  unjust  that  a  lot-owner  should  lose  a  small  water  frontage, 
for  which  he  receives  what  is  sometimes  a  valuable  addition  to  his  land, 
than  that  another  should  lose  his  entire  lot,  for  which  he  receives 
nothing,  while  his  neighbors  on  the  opposite  side  of  the  river  gradually 
extend  their  lines  over  and  take  possession. 
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Now  the  establishment  of  the  side  liues  from  the  bauk  to  the  center 
of  the  river  must  be  done  under  the  common  hxw.  Where  no  lines  have 
been  established  by  the  Court,  I  would  give  as  a  rule,  that  the  first  lot 
line  on  each  side  of  the  place  where  the  work  is  to  be  done,  that  strikes 
the  river  practically  at  right  angles,  be  selected  and  produced  straight 
to  the  center  line  of  the  river ;  then  measure  the  distance  along  the 
river  bank,  running  straight  from  the  intersection  of  the  lot  liues  with 
the  river  bank,  between  the  two  lot  lines  first  named  ;  then  ascertain 
the  entire  distance  along  the  center  line  of  the  river  between  the  two 
lines  so  extended,  and  give  each  lot-owner  a  distance  on  the  center  line 
equal  to  his  frontage,  plus  or  minus  his  apportionate  share  of  the  differ- 
ence between  the  two  lines.  This  method  is  practically  what  is  known 
as  the  Massachusetts  rule,  and  is  certainly  a  very  equitable  one.  I  have 
given  an  illustration  of  this  rule  in  Fig.  1,  where  the  lot  lines  on  the 
south  side  of  the  river  are  so  extended.  The  center  line  I  have  shown 
on  the  diagram  is  a  line  midway  between  the  original  meander  lines ; 
but  the  rule  will  apply  as  well  for  the  center  of  the  channel. 

In  concluding  the  discussion  on  lots  bounded  by  rivers,  I  will  say 
that  I  see  no  reason  why  the  general  government,  when  issuing  the 
original  patent,  should  not  limit  the  riparian  rights  of  the  lots  to  a  line 
midway  between  the  original  meander  lines.  That  would  give  us  a 
good  basis  for  future  surveys,  and  would  avoid  the  confusion  which 
nearly  always  arises  over  the  ever-changing  channel. 

We  will  now  turn  our  attention  to  the  subdivision  of  lake  beds 
amongst  the  riparian  owners.  That  is,  perhaps,  the  most  difiicult  prob- 
lem the  surveyor  has  to  contend  with.  As  I  have  before  stated,  the 
accretions  and  relictions  belong  to  the  riparian  owners.  By  accretions, 
I  mean  the  amount  added  to  the  land  by  the  action  of  water  washing 
up  material ;  by  relictions,  lands  uncovered  by  the  change  of  channels 
in  rivers  or  by  the  recession  of  water  in  lakes.  All  cases  carried  to  the 
Supreme  Court  have  been  so  decided.  However,  some  doubts  about  the 
matter  must  have  existed  at  Washington,  for  the  Land  Department,  as 
late  as  1877,  would,  on  application,  cause  to  be  surveyed  and  disposed 
of  as  other  public  lands,  reclaimed  lake  beds  which  had  already  been 
meandered  and  the  adjoining  lots  disposed  of.  That  certainly  was  in 
opposition  to  the  common  law  governing  such  cases,  for  the  Supreme 
Court  says  that  when  a  patent  is  issued  for  land  bounded  by  lake  or 
stream,  the  title  to  the  land  under  the  water  passes  from  the  Govern- 
ment. See  Harden  vs.  Jordan,  Supreme  Court  Rep.,  Vol.  11,  page  808 
(1891).  Chief  Justice  Miller,  in  Moore  vs.  Robbins,  says:  .  .  • 
"  with  the  title  passes  away  all  authority  or  control  of  the  Executive 
Department ;  "  and  again,  referring  to  the  power  of  the  Secretary  of  the 
Interior,  "after  the  patent,  he  is  absolutely  without  authority." 
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Fig. 


Then,  the  riparitin  owner  taking  to  the  center  of  the  lake,  and 
there  being  no  restrictions  in  the  original  patent,  we  have  to  subdivide 
the  lake  bed  under  the  common  law,  which  takes  effect  where  the 
Government  survey  enJs. 

The  lake  shown  in  Fig.  2  is  situated  in  West  St.  Paul.  It  was 
meandered  in  the  original  survey  in  1853,  and  adjoining  lots  were  sold. 

In  1861  the  bed  of  the  lake  was 
subdivided  by  the  Government  and 
disposed  of  as  public  land.  Litiga- 
tion over  the  ownership  in  the  bed 
of  the  lake  commenced  in  1872  be- 
tween the  riparian  owners,  the 
State,  claiming  under  the  swamp- 
land grant,  and  different  railroad 
companies,  and  was  finally  settled 
in  i894  in  favor  of  the  riparian 
owners.  So  the  case  was  before 
the  courts,  in  one  shape  or  another,  for  a  period  of  twenty-two  years. 
You  can  imagine  the  costs.  Then  came  an  action  for  partition  amongst 
the  riparian  owners  of  the  lake  bed,  and  it  was  subdivided  under  what 
is  known  as  the  Massachusetts  rule,  which  I  fully  illustrate  in  Fig.  2. 

I  do  not  consider  the  above  as  a  fair  test  of  the  rule,  it  being  more 
of  an  agreement  amongst  the  property  owners  than  a  trial  on  its  merits. 
How^ever,  it  is  the  most  equitable  rule  yet  advanced  for  a  subdivision  of 
lake  beds,  and  I  have  no  doubt  it  will  be  sustained  by  the  higher  courts, 
I  understand  that  the  rule  will  be  further  tested  in  a  case  to  be  tried 
soon.  It  will  be  watched  with  interest.  The  method  of  subdivision 
under  that  rule  is  as  follows  : 

The  center  line  is  established  by  running  midway  between  the 
original  meander  lines  from  the  northwest  to  the  southeast  end  of  the 
lake.  The  distance  is  then  measured  on  the  northeast  side,  commencing 
at  the  intersection  of  the  center  line  with  the  meander  line  and  running 
straight  to  the  intersection  of  the  west  line  of  lot  4  with  the  meander 
line,  then  running  straight  to  the  intersection  of  east  line  of  lot  4  with 
the  meander  line,  and  so  on  to  the  intersection  of  the  center  line  with 
the  meander  line  at  the  southeast  end  of  the  lake.  Then  the  distance  is 
measured  on  the  center  line,  and  each  lot-owner  receives,  on  the  center 
line,  a  distance  equal  to  his  frontage,  plus  or  minus  his  proportion  of 
the  difference  between  the  two  lines.  The  southwest  side  is  subdivided 
in  the  same  manner.  It  is  hardly  necessary  to  state  that  it  would  be 
impossible  to  establish  the  center  of  the  lake  by  attempting  to  use  the 
water  lines,  for  a  boundary  established  in  that  way  during  the  high 
water  would  probably  differ  all  the  way  from   100  to  1,000  feet  from 
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Fig.  3. 


one  established  during  low  water,  and  according  to  tliat  method  both 
surveyors  would  be  right. 

In  Fig.  3  I  have  shown  four  lakes  meandered  by  the  Government 
surveyors  in  their  original  surveys.  They  are  now  dry  and  fit  for 
agricultural  purposes.  They 
are  a  fair  specimen  of  the  \ 
many  to  be  found  in  this  State. 
Lake  "  A,"  being  long  and  ir- 
regular, is  subdivided  accord- 
ing to  the  Massachusetts  rule. 
Lake  "  B,"  being  nearly  round, 
the  side  lines  are  drawn  to  a 
common  center  ;  that  being  the 
only  way  in  which  to  apportion 
the  bed  of  a  round  lake  among 
the  different  lot-owner?.  The 
side  lines  around  lake  "  C " 
are  drawn  to  a  common  center. 
On  lake  "  D  "  the  Massachu- 
setts rule  is  used.  This  figure  is  made  to  illustrate  the  method  of  sub- 
division, and  although  but  little  care  has  been  taken  in  the  make-up,  I 
doubt  if  a  court  decision  would  materially  change  the  side  lines.  Im- 
agine each  lot-owner  having  his  portion  of  the  lakes  surveyed  and 
fenced.  Lake  "B"  would  look  like  a  clumsily  constructed  cart-wheel. 
Of  course,  in  many  cases  two  or  three  lots  might  belong  to  one  owner, 
and  this  would  improve  the  appearance  of  the  picture ;  but  it  is  quite 
possible  that  each  lot  is  owned  by  different  parties  ;  in  which  case,  under 
the  riparian  laws,  their  lines  would  be  substantially  as  shown  on  the 
diagram. 

Now,  as  to  the  amount  of  the  lake  beds  received  by  each  owner. 
Lot  4  in  section  9,  containing  3.3  acres,  received  29  acres  in  lake  "  B  " 
and  19.3  acres  in  lake  "  A,"  section  8;  and  lot  4  in  section  IG,  contain- 
ing 18.4  acres,  receives  48  acres  in  lake  "  B  "  and  34.4  acres  in  lake 
"A";  lot  3,  section  16,  containing  7i  acres,  receives  38  acres  in  lake 
"B"  and  20  acres  in  lake  "C";  lot  10,  section  8,  containing  33.3 
acres,  receives  44  acres  in  lake  "A"  and  42  acres  in  lake  "B."  A 
party  buying  lot  4  in  section  16,  lot  4  in  section  9  and  lot  10  in  section 
8,  would  have  to  pay  for  55  acres  of  laud,  and  would  receive  as  his 
share  217  acres  of  the  lake  beds — not  a  bad  investment. 

Of  course  the  subdivision  of  the  small  lakes,  around  which  the  land 
has  already  been  surveyed  and  disposed  of  by  the  general  government, 
must  come  under  the  common  law  and  the  decisions  of  the  court,  or  by 
agreement  amongst  the  different  lot-owners  ;  but,  going  on  the  principle 
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that  it  is  never  too  late  to  mend,  why  not  have  inserted  in  all  future 
patents  a  clause  which  would  permit  the  riparian  owner  of  a  fractional 
lot  bounded  by  an  unnavigable  lake  to  take  only  so  much  of  the  lake 
bed  as  is  required  to  fill  out  the  lot  of  which  he  holds  the  fraction?  For 
example,  lot  4,  section  9,  would  receive  40  acres  in  lake  "  B  "  and  so  on, 
the  balance  of  the  lake  bed  going  to  the  State  as  school  lands  or  for 
other  purposes.  In  this  way  the  rectangular  system  of  surveys  would 
be  preserved,  and  when  the  fractional  lot  passed  from  the  Government, 
its  boundaries  would  be  fixed  for  all  time.  Of  course,  when  I  say  a  full 
40  acres,  I  mean  plus  or  minus  their  proportion  of  the  shortage  or 
surplus  in  the  section  ;  very  few  sections  containing  exactly  640  acres. 

I  am  aware  I  have  given  but  little  information  in  this  paper,  and 
that  little  perhaps  not  of  the  best,  yet  if  I  can  get  the  matter  generally 
discussed,  a  better  understanding  will  be  arrived  at  and  my  object 
attained. 
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Among  the  needs  of  the  people,  those  whieli  are  tiiought  to  fall  to 
the  Government  or  to  the  State  for  supply  are,  as  a  rule,  slow  in  receiving 
just  recognition.  Whenever  this  tardiness  becomes  sufficiently  pro- 
nounced, private  capital  steps  in  and  often  supplies  the  need,  much  more 
quickly  and  fully  thau  public  sentiment  would  have  justified  Congress 
or  legislatures  in  doing.  Tradition  is  strong,  and  we  are  slow  to  delegate 
to  the  Nation  or  to  the  State  the  control  of  those  institutions  which  are 
now  serving  the  people  acceptably.  Especially  is  this  true  of  those 
which  have  had  their  birth  and  their  doubtful  beginnings  since  the 
establishment  of  our  government.  The  railroad,  the  telegraph,  the 
telephone  and  the  express  service  might  be  named  as  examples  in  point. 

There  can  be  no  doubt  that  the  present  great  activity  in  the  world 
of  thought  and  of  letters  is  directly  due  to  the  maintenance  of  our  postal 
system  upon  the  present  plan,  which  imposes  upon  those  employing  it  a 
tax  too  small  to  pay  for  the  actual  service  rendered,  to  say  nothing  of  a 
good  profit  such  as  must  obtain  if  the  work  were  to  be  long  continued  as 
a  private  enterprise,  and  which  thus,  in  order  to  lighten  the  load  of 
those  who  use  it  largely,  imposes  upon  those  who  employ  it  but  little,  a 
tax  disproportionate  with  the  accommodation  furnished  them.  The 
propriety  of  this  arrangement  is  a  legitimate  topic  of  discussion  for  the 
political  economist,  yet  all  are  agreed  as  to  the  great  benfits  conferred 
by  the  system  as  it  is. 

Who  shall  say  what  we,  as  a  nation,  have  lost  in  activity  and  in 
consequent  development  by  permitting  our  telegraph  system  to  remain 
under  private  control,  with  rates  and  conditions  in  no  way  calculated  to 
encourage  its  further  adoption  and  as  a  rule  prohibitory  except  where 
cost  counts  for  naught  or  where  the  time  element  is  a  ruling  consider- 
ation. The  great  question  of  transportation  ;  not  that  much  mooted 
question  whether  the  Government  should  now  acquire  control  of  the  rail 
and  water  ways  of  the  country,  but  whether  our  territory  would  not  have 
been  developed  much  more  rapidly  and  whether  the  strengthening  and 
enriching  effects  of  an  efficient  and  economical  system  of  transportation 
would  not  be  present  in  a  much  larger  measure  than  they  are  to-day 
had  the  Government  from  the  first  developed  railroad  transportation  as 
it  has  developed  the  postal  system. 

*  Manuscript  received  December  31,  1894. — Secretary,  Ass'u  Encj.  Socs. 
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There  is  auotlier  class  of  needs  which  a  civilized  community  soon 
comes  to  feel,  but  which,  being  of  a  more  general  nature  than  those 
already  noted,  has  received  but  tardy  recognition,  especially  in  this 
country  where  the  national  government  has  taken  up  the  work  only  after 
urgent  specific  needs  have  demanded  consideration.  I  refer  to  the  need 
of  surveys  of  the  public  domain,  whether  conducted  in  order  to  discover 
the  resources  of  the  country  as  a  purely  geological  and  natural  history 
survey,  or  as  a  topographical  survey  in  order  to  meet  the  multifarious 
needs  of  our  modern  civilization. 

Even  the  need  of  some  scientifically  consistent  plan  of  description 
and  partition  of  the  land  thrown  open  to  settlement  did  not  move  Con- 
gress till  a  large  amount  of  such  lands  had  been  disposed  of  and  in  a 
manner  giving  the  most  absurd  and  expensive  plan  for  farm  boundaries 
and  unduly  increasing  the  cost  and  uncertainty  of  all  subsequent  land 
surveys  and  descriptions.  When  finally  the  rectangular  system  of  our 
public  land  surveys  was  devised  and  adopted,  about  1810,  the  standard 
of  desirable  accuracy  was  placed  so  low,  the  execution  of  it  by  inex- 
perienced contractors  was  so  lamentably  poor,  and  the  government  inspec- 
tion of  it  was  in  many  cases  so  farcical,  that  the  resulting  additional  cost 
to  the  people  from  litigation  has  been  estimated  as  already  far  exceeding 
what  would  have  been  necessary  to  make  an  absolute  topographic  survey 
in  which  every  important  subdivision  line  would  be  given  exact  position 
by  a  system  of  triangulation  and  traverse  all  having  ultimate  control  in 
a  rigid  system  of  geodetic  triangulation. 

In  1790  it  was  seen  that  there  was  needed  an  exact  knowledge  of 
our  co:ist  line,  both  for  developing  and  protecting  the  shipping  interests 
and  for  purposes  of  public  defense,  and  to  meet  this  need  the  U.  S.  Coast 
Survey  was  organized.  It  began  this  great  work  in  1807.  In  1841  the 
Lake  Survey  was  organized  for  the  definite  purpose  of  making  a  geodetic 
survey  of  our  shore  line  on  the  Great  Lakes.  In  1878  the  Geological 
Survey  was  given  the  special  work  of  conducting  geological  researches 
in  the  western  territories,  and  it  has  since  extended  its  field  to  the  whole 
country.  INIore  recently  ithasconfined  itself  principally  to  topographical 
surveys,  in  the  absence  of  which  it  found  itself  unable  to  prosecute  with 
satisfaction  its  geological  studies.  The  coast  lines,  except  those  of  Alaska, 
having  been  about  completed  in  1870,  the  work  of  the  Coast  Survey  was 
enlarged  by  Act  of  Congress  in  1871  so  as  to  include  hydrographic  and 
topographic  work  on  the  great  rivers  of  the  country  except  the  Missis- 
sippi and  Missouri  rivers,  which  had  been  assigned  to  special  commissions 
in  charge  of  the  Army  and  Navy. 

The  Coast  Survey,  with  the  broadened  title  of  Coast  and  Geodetic 
Survey,  was  also  instructed  to  conduct  a  grand  system  of  transcontinental 
triangulation  and   precise  levels,  not  only  for  purely  scientifi^;  purposes* 
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I)ut  also  in  order  to  co-ordiuate  its  own  work  and  that  of  any  other  agency. 
The  exercise  of  this  latter  function  was  expected  to  aid  especially  in 
fixing  international  and  interstate  boundaries  and  thus  to  encourage 
State  work  of  similar  character.  To  still  further  aid  each  State  in  prose- 
cuting its  topographic  survey,  the  U.  S.  Coast  and  Geodetic  Survey  was 
authorized  to  conduct  a  separate  triangulation  as  a  basis  for  such  surveys 
in  those  States  which  had  shown  sufficient  appreciation  of  the  value  of 
such  by  having  put  in  vigorous  operation  their  own  State  geological 
surveys. 

To  the  U.  S.  Coast  and  Geodetic  Survey  was  also  entrusted  the  work 
of  conducting  a  magnetic  survey  of  the  country. 

And  so,  as  special  needs  have  arisen,  they  have  been  supplied  either 
by  a  special  agency  or  by  giving  the  work  given  to  some  agency  already 
established,  to  whose  work  that  in  hand  was  most  closely  related. 

Congress  has  not  seen  fit  to  create  an  institution  whose  prime  func- 
tion shall  be  to  make  a  complete  and  accurate  to])ographic  map  of  our 
whole  territory.  Nor  is  it  likely  to  do  so,  for  it  has  already  created  a 
number  of  distinct  surveys,  more  or  less  national  in  character ;  one  of 
whose  functions  is  to  make  such  a  survey  of  its  immediate  locality,  and 
the  avowed  purpose  of  one  of  the  lines  of  work  of  its  oldest  survey — 
the  Coast  and  Geodetic — is  to  assist  the  different  States  in  carrying  on 
their  own  surveys. 

A  further  reason  why  the  plan  of  individual  State  surveys  is  likely 
to  prevail  is  the  pride  felt  by  each  State  in  discovering  and  developing 
its  own  resources  and  in  building  up  its  own  state  institutions.  In  fact, 
each  State  desires  that  the  needs  of  its  citizens  may  be  supplied  as  far 
as  possible  within  the  State  and  from  its  own  resources. 

Another  difficulty  in  the  way  of  inaugurating  a  general  plan  cover- 
ing the  whole  country,  appears  when  we  consider  that,  on  account  of 
local  difficulties,  coupled  with  the  desirability  of  great  accuracy  and  full 
detail,  the  accurate  mapping  of  some  sections  of  the  country  might  cost 
from  two  to  five  times  as  much  as  that  of  others. 

Again,  some  States,  from  a  keen  appreciation  of  the  economic  worth 
of  a  reliable  topographic  map,  would  desire  much  more  detailed  and 
more  expensive  work  than  could  be  carried  out  in  other  States  on  any 
generally  equitable  j)lan.  Just  this  has  already  happened  in  Massachu- 
setts, where  the  National  Geological  Survey  proposed  to  conduct  the 
State  topographical  survey  if  the  State  would  meet  half  the  expense.  In 
arranging  the  details  of  the  contract,  it  appeared  that  the  Geological 
Survey  desired  to  do  the  work  according  to  the  plan  which  it  usually 
followed  elsewhere  under  like  topographic  conditions;  but  the  State 
commission  objected  to  this  plan,  claiming  that  the  State  could  not  afford 
to  meet  even  half  the  expense  of  such  a  survey,  which  would  produce  a 
map  but  little  better  than  the  one  already  in  existence. 
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la  other  States,  by  reason  of  general  inactivity  in  all  matters 
relating  to  public  improvement,  even  a  map  of  average  cost  would 
satisfy  no  present  need,  and  all  money  so  expended  would  become  lost 
to  the  country  until  the  State  should  awake  to  an  appreciation  of  its 
true  worth.  On  the  other  hand,  it  would  be  a  manifest  injustice  not  to 
carry  the  work  along  about  equally  in  the  different  States. 

Another  evil  which  must  attend  the  operation  of  such  a  plan  is  the 
following:  Any  national  survey  must  have  at  its  head  a  director  or 
superintendent  with  power  to  direct  the  details  of  the  work  ;  the  general 
policy  alone  could  ba  fixed  by  Congress.  The  Survey,  dependent  upon 
the  continued  favorable  action  of  Congress  for  maintenance,  will,  if  it  be 
loyal  to  its  own  cause,  endeavor  to  merit  and  to  gain  the  support  of  a 
majority  in  Congress.  But  congressmen,  as  a  rule,  are  keen  to  see  that 
their  own  States  receive  their  full  share  of  the  benefits  from  such  legis- 
lation. A  system  of  political  trading  results,  and  friendly  relations  are 
maintained  by  doing  work  in  some  States  and  giving  promises  in  others, 
sufficient  to  control  a  safe  majority  in  Congress.  The  operation  of  such 
a  system  must  result  in  a  shifting  policy,  with  a  discontinuation  of  the 
work  in  some  States  in  order  to  resume  operations  in  others,  following 
closely  and  actively  every  change  in  the  political  color  of  Congress. 
And  thus  a  great  agency,  created  to  serve  the  best  interests  of  the  people 
impartially  in  a  specific  work,  must  soon  degenerate  into  a  vast  political 
machine,  an  incidental  feature  of  which  is  to  do  topographical  work, 
while  its  main  function  is  to  serve  Congress.  While  this  picture  may 
to  some  seem  overdrawn,  I  firmly  believe  that,  in  view  of  the  difficulties 
present,  some  of  which  I  have  specified  above,  any  such  survey  would 
arrive  at  substautially  this  condition  even  before  it  could  become 
efficiently  operative. 

Indeed,  our  country  has  already  furnished  proof  of  this  certain 
tendency,  and  the  development  has  progressed  sufficiently  to  enable  one 
familiar  with  the  modus  operandi  of  our  national  surveys  to  see  the 
analogy.  This  difficulty  can  easily  be  avoided  by  allowing  each  State 
to  take  u[)  its  own  work  at  the  time  and  in  the  manner  which  seem  to 
it  best,  conserving  equally  all  the  interests  of  the  State  and  allowing  it 
to  receive  from  the  general  government  whatever  aid  it  may  without 
sacrificing  its  control  of  its  own  work. 

Although  many  States  are  at  present  engaged  in  conducting  topo- 
graphic surveys,  according  to  one  plan  or  another,  only  three — Massa- 
chusetts, Connecticut  and  New  Jersey — have  completed  such  surveys. 
In  fact,  we  are  far  behind  other  nations  in  the  appreciation  of  the 
economic  value,  to  a  State,  of  possessing,  comparatively  early,  an 
accurate  topographical  map  of  its  territory.  As  a  natural  result,  we 
find  that  few  States  have  taken  advantage  of  the  valuable  co-operation 
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offered  by  the  U.  S.  Coast  and  Geodetic  Survey  iu  furnishing  free  to  the 
State  for  its  topographic  survey  a  triangulation  wliich,  as  a  foundation, 
must  precede  all  topographic  work  proper,  Minnesota  being  the  ninth 
in  the  list  thus  co-operating. 

The  mining  engineer  fully  realizes  the  value  of  a  reliable  topo- 
graphic map  of  that  section  which  is  to  be  the  field  of  his  professional 
labor. 

The  municipal  engineer  knows  that  only  by  the  aid  of  an  accurate 
topographic  map  can  he  with  certainty  discuss  questions  relating  to 
sources  of  water  supply  or  to  the  location  of  reservoirs  and  standpipcs, 
or  trace  out  lines  of  natural  drainage  for  use  in  designing  systems  of 
sewage  disposal. 

To  the  sanitary  engineer  such  a  map  becomes  a  valuable  aid  in 
searching  out  sources  of  contamination  in  wells  or  in  surface  supply. 

The  geologist  requires  the  aid  of  the  topographic  map  for  the  fullest 
exposition  of  his  results,  especially  in  problems  touching  physical, 
stratigraphical  and  glacial  geology. 

The  hydraulic  engineer  would  need  little  else  in  determining  the 
site  and  value  of  mill  privileges,  or  in  studying  the  overflow  of  land 
adjacent  thereto. 

The  survey  is  of  great  value  in  prosecuting  studies  in  natural 
history  and  meteorology,  while  to  the  civil  engineer  an  adequate  topo- 
graphic map  is  the  foundation  upon  which  nearly  all  his  problems  must 
rest. 

It  has  been  estimated  that  Massachusetts  alone  has  paid  since  1836 
$20,000,000  in  railway  expenditures  over  what  would  have  been  neces- 
sary had  it  possessed  at  that  time  accurate  topographic  maps  of  its 
territory. 

The  army  engineer  can  increase  in  a  large  measure  the  efficiency 
of  the  army  by  supplying  it  with  topographic  maps,  enabling  it  to  take 
advantage  of  every  important  feature  which  a  map  would  clearly  show. 
Our  late  civil  war  was  undoubtedly  prolonged  not  a  little  by  reason  of 
the  superior  knowledge  possessed  by  the  Southern  generals,  gained 
mostly  by  hastily  prepared  maps  of  their  own  territory,  made  immedi- 
ately before  and  during  the  war. 

To  the  agricultural  districts  the  topographic  map  proves  of  the 
greatest  value.  It  would  aid  the  establishment  and  maintenance  of  a 
scientific  system  of  highways,  which  to-day  imposes  the  severest  tax  the 
farmer  pays.  It  would  give  a  uniform  and  absolute  means  of  referenc- 
ing land  lines  and  corners,  and  data  for  settling  all  questions  of  land 
drainage  or  irrigation. 

If  further  proof  is  desired  showing  that  the  people  appreciate  the 
need  of  better  maps  of  our  territory  than  those  furnished  by  the  original 


160  ASSOCATION  OF  ENGINEERING  SOCIETIES. 

land  surveys,  made  half  a  century  ago,  it  appears  in  the  fact  that 
private  concerns  have  prepared  such  maps  and  have  found  for  them 
among  the  people  sufficient  sale  to  justify  the  undertaking.  The  more 
settled  portions  of  our  State  have  already  been  twice  surveyed  and 
mapped  in  this  way,  and  certain  sections  much  oftener. 

The  foregoing  are  named  as  among  the  leading  benefits  to  be 
derived  from  a  reliable  topographic  map,  and  are  offered  only  as  part  of 
those  in  which  the  survey  would  furnish  the  means  for  an  economic 
solution  of  important  questions.  For  every  public  improvement,  while 
serving  the  immediate  purpose  for  which  it  was  made,  goes  further  and 
creates  new  industries  which  in  turn  make  new  demands  upon  it.  Engi- 
neers fully  appreciate  this,  for  where  a  public  survey  is  lacking,  they 
must  either  supply  the  deficiency  by  a  special  survey,  or  reach  a  doubt- 
ful conclusion  from  an  imperfect  co-ordination  of  the  known  factors. 

Legislatures  are  apt  to  be  slow  in  arriving  at  a  full  appreciation  of 
the  situation,  and  to  favor  moving  very  slowly  at  first,  which  I  believe 
to  be  wise  considering  the  permanent  character  of  the  work  and  the 
desirability  that  the  triaugulation,  which  is  the  foundation,  shall  be 
adequate  to  meet  any  demands  likely  to  be  put  upon  it,  and  considering 
also  how  few  are  professionally  prepared  to  conduct  such  woi'k. 

A  cheap  and  hastily  prepared  map  is  of  little  value.  It  serves 
chiefly  as  an  object  lesson,  teaching  the  people  by  contrast  the 
worth  of  a  true  topographic  map.  Tlie  rejection  of  maps  based 
upon  old  surveys  in  favor  of  those  of  higher  accuracy  and  greater 
detail  has  been  the  history  of  topographic  surveys  up  to  the  middle  of 
the  present  century.  Many  of  the  European  States  have  thus  covered 
their  territory  with  repeated  surveys. 

Shall  our  State  acquire  an  adequate  topographic  map  by  this  costly 
method  of  development  and  repetition,  or  shall  we,  by  adopting  the 
modern  practice  of  the  science,  prove  that  we  do  not  need  these  costly 
lessons  and  begin  our  work  upon  the  plan  now  universally  adopted  by 
every  country  on  the  globe  at  present  conducting  a  topographic  survey? 
This  question  received  its  first  answer  in  the  State  legislature  of  1872, 
which  committed  us  to  the  policy  of  conducting  our  own  topographic 
survey,  to  be  based  upon  such  actual  surveys  and  measurements  as  may 
be  necessary  to  produce  an  accurate  map  of  the  State. 

This  was  the  provision  made  in  Section  5  of  the  act  creating  the 
Geological  and  Natural  History  Survey,  which  was  drafted  by  W.  W. 
Folwell,  President  of  the  University,  introduced  in  the  legislature  by 
Senator  J.  S.  Pillsbury,  a  regent  of  the  University,  and  approved  by 
Governor  Horace  Austin,  March  1,  1872. 

A  second  answer  to  this  question  was  given  in  1887,  at  which  time, 
upon  reconmiendation  of  N.   H.   Winchell,  State  Geologist,  the  writer 


THE  STATE  TOPOGRAPHICAL  SURVEY  OF  MINNESOTA.       IGl 

was  appointed,  by  the  Superintendent  of  the  Coast  and  Geodetic  Sur- 
vey, Acting  Assistant,  and  given  immediate  charge  of  its  operations  in 
this  State. 

The  object  of  having  these  acting  assistants  appointed  by  the 
Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey,  was  to  bring 
that  part  af  the  work  requiring  the  most  expensive  instruments  and  the 
most  rigid  fiekl  methods  and  office  reductions  under  the  direct  super- 
vision of  one  central,  liighly  professional  authority.  This  alone  insures 
that  uniformity  necessary  where  each  State  survey  is  to  form,  besides 
the  unit  in  the  State  survey,  an  integral  part  of  the  one  continental 
survey.  It  saves  to  each  State  the  expense  of  providing  costly  instru- 
ments, needed,  only  at  stated  times  during  the  progress  of  the  survey,  as 
well  as  instruments  for  conducting  the  primary  triaugulation,  vertical 
measures,  leveling  and  magnetics.  The  general  direction  and  care  of 
the  field-work  is  in  the  hands  of  officers  of  lifelong  experience,  and  the 
reduction  of  the  notes  is  made  by  professional  computers  at  Washing- 
ton. This  assures  that  degree  of  accuracy  which  is  essential  to  the 
objects  of  the  survey  ;  while,  at  the  same  time,  local  interests  are  con- 
served by  the  fact  that  the  actual  field-work  is  executed  by  citizens  of 
the  State,  all  the  expenses  of  the  work  being  borne  by  the  National 
Survey. 

Work  was  begun  early  in  June,  1887,  and  it  has  continued  almost 
uninterruptedly  during  the  summer  months,  which  were  rendered  avail- 
able to  the  writer  by  freedom  from  other  University  duties,  and  which, 
at  the  same  time,  were  most  suitable  for  carrying  on  the  field-work. 
During  this  time,  astronomical  latitude  and  azimuth  and  telegraphic  longi- 
tude have  been  established  at  a  station  in  the  University  grounds  to  serve 
as  the  absolute  starting  point  of  the  survey.  A  primary  base-line  five 
and  a  half  miles  in  length  has, been  prepared  and  measured,  located 
along  Snelling  Avenue,  St.  Paul,  which  furnishes  the  element  of  distance 
to  all  lines.  A  line  of  precise  levels  has  been  run  from  the  nearest  sea 
elevation  bench  mark  to  this  base-line,  thus  giving  it  sea  elevation. 
From  this  base-line,  with  its  direction,  latitude,  longitude  and  sea 
elevation  accurately  known,  a  complete  system  of  triaugulation  has  been 
extended  over  the  greater  part  of  Hennepin,  Ramsay,  Washington, 
Dakota,  Goodhue,  W^abash  and  Winona  counties,  fully  preparing  this 
territory  of  about  2,500  square  miles  for  the  topographic  work  proper. 
Besides  this  important  work,  a  reconnoissance  looking  to  a  plan  of  triaugu- 
lation has  been  done  in  Chicago,  Anoka,  Wright,  Carver,  Scott,  Rica, 
Dodge  and  Olmstead  counties.  For  the  past  two  years  observations  of 
magnetic  declination  have  been  made  at  all  the  stations  occupied,  with  the 
view  to  making,  at  an  early  date,  a  complete  magnetic  map  of  the  State 
for  the  use  of  all  county  surveyors.  During  the  past  season,  employing 
14 
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instruments  loaned  by  the  Coast  and  Geodetic  Survey,  the  Civil  Engi- 
neering Department  has  been  conducting  systematic  observations  at  a 
magnetic  station  located  at  the  experimental  farm,  for  the  purpose  of 
studying  the  laws  of  change  in  the  magnetic  elements  and  preparing  for 
the  issuing  of  the  magnetic  charts.  The  past  season  has  been  spent  in 
work  upon  a  topographic  sheet  covering  the  twin  city  district,  about  225 
square  miles.  The  first  part  of  the  season  was  devoted  to  the  planetable 
triangulation,  and  the  latter  part  to  filling  in  the  topography.  Most  of 
the  latter  work  was  confined  to  the  interurban  district  west  of  Snelling 
Avenue,  and  to  that  extending  along  the  Mississippi  River  and  lake 
and  park  regions  of  the  cities  where  the  city  records  do  not  furnish 
adequate  details. 

The  Superintendent  has  ruled  that  during  the  progress  of  the  field- 
work  of  triangulation,  in  addition  to  locating  the  primary  stations, 
which  are  15  to  25  miles  apart,  the  Acting  Assistants  shall  be  allowed 
to  locate  other  objects,  such  as  church  spires,  tall  chimneys,  towers,  etc., 
for  use  as  secondary  stations  for  the  State  Topographic  Survey  when 
such  location  can  be  made  without  extra  cost  to  the  National  Survey. 

Since  economy,  as  well  as  accuracy,  demands  that  the  primary 
stations  be  located  in  most  cases  as  far  from  each  other  as  possible,  it  is 
of  the  greatest  importance  that  these  secondary  points — in  sufficient 
number  and  in  favorable  positions — be  chosen  and  located  during  the 
progress  of  the  primary  work.  Especially  is  this  true  when  tall  observ- 
ing towers  must  be  erected  at  the  primary  stations  in  order  to  overlook 
surrounding  woods  or  intervening  ridges,  for  such  towers  are  not  likely 
to  remain  in  position  till  they  are  needed  by  the  State  in  its  topo- 
graphical survey. 

In  such  a  case  the  secondary  and  tertiary  stations  could  not  be 
located  except  by  rebuilding  the  original  towers,  incurring  an  expense 
and  delay  in  the  topographical  survey  which  the  State  could  ill  aflford. 

During  the  progress  of  the  work  in  Hennepin,  Ramsey,  Washing- 
ton and  Dakota  counties,  but  three  towers  were  required,  and  a  suffi- 
cient number  of  church  spires,  wind-mill  towers,  etc.,  were  located  as 
secondary  points. 

Quite  the  opposite  conditions  are  met  in  Goodhue,  Wabash  and 
Winona  counties.  Here  towere  ranging  in  height  from  24  feet  to  64 
feet,  are  required  at  nearly  all  stations,  and  owing  to  the  small  number 
of  objects  sighted  but  few  secondary  points  could  be  established  except 
wind-mill  towers,  which,  from  their  great  number  and  similarity,  proved 
of  very  little  value  since  all  attempts  at  identification  proved  futile. 
This  latter  difirtculty,  which  threatened  to  seriously  impair  the  use- 
fulness of  the  main  triangulation  to  the  State  topographical  survey,  led 
the  regents  of  the  University  of  Minnesota,  in  the  spring  of  1892,  to  the 
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appointment  of  the  writer  as  State  Topographer,  with  instructions  to 
make  what  observations  were  needed  and  to  establish  sucli  secondary 
stations  as  would  render  the  present  work  of  the  State  triangulatiou  of 
the  greatest  possible  use  to  the  State  Topographical  Survey. 

A  topographical  survey,  such  as  is  contemplated  by  a  State,  is  a 
survey  based  upon  absolute  geodetic  points  and  conducted  by  actual 
measurements  and  observations,  the  methods  and  the  degree  of  accuracy 
throughout  being  sufficient  to  permit  the  construction  of  a  map  capable 
of  showing  accurately  all  topographical  features  as  to  distance,  direction 
and  elevation;  i.  e.,  to  show  accurately  in  position,  shape,  direction, 
character,  elevation,  etc.,  all  lakes,  rivers,  hills,  ridges  and  valleys; 
woodland,  prairie  or  cultivated  land;  lines  of  cultivation;  government 
lines  and  corners;  all  highways,  railroads  and  canals;  all  buildings  in 
the  country,  in  villages  and  in  cities;  with  contour  lines  which  would 
show  all  lines  of  natural  drainage,  the  grade  or  pitch  of  all  roads,  the 
descent  of  all  rivers,  etc.  Besides  these,  together  with  many  other 
details  which  would  be  represented  on  the  map,  the  survey  comprehends 
a  published  report,  issued  at  convenient  intervals  during  the  progress 
of  the  work,  which  shall  contain,  besides  the  usual  report  on  general 
progress  of  the  work,  expenditures  and  estimates,  etc.,  a  full  account  of 
all  methods  and  a  description  of  the  instruments  employed,  and  of  the 
methods  and  results  of  the  office  reduction  and  computation.  The 
principal  purpose  of  the  report  is  to  show,  more  accurately  than  the 
map,  the  exact  data  gained  by  the  field-work.  Such  accuracy  is  neces- 
sary for  the  proper  continuance  of  the  field-work  and  for  various  prac- 
tical and  scientific  uses  of  the  survey.  The  value  of  such  a  survey  to 
the  State  need  not  be  argued,  for  the  history  of  the  progress  of  topo- 
graphical surveys  in  every  civilized  country  on  the  globe  is  sufficient 
proof  of  it.  The  older  and  more  advanced  nations,  as  England,  France, 
Germany  and  Spain,  have  been  the  leaders  in  the  sciences  of  topography 
and  geodesy,  each  devoting  large  sums  of  money  to  provide  accurate 
and  reliable  maps  of  its  territory. 


THE  CONTRIBUTION  BOX. 


Members  of  the  associated  societies,  and  other  persons,  are  iavited  to  send  to  the  Secretary,  for 
this  deijartment  of  the  Journal,  such  matters  of  general  interest  as  may  come  to  their  notice. 


From  Ocean  to  Ocean. 


In  the  Contribution  Box  for  December,  1894,  we  chronicled  the  decision  of  the 
Western  Society  of  Engineers  to  continue  its  membership  in  the  Association  of  En- 
gineering Societies ;  in  January,  1895,  we  welcomed  to  membership  the  Denver 
Society  of  Civil  Engineers  and  the  Association  of  Engineers  of  Virginia,  and  we 
now  have  tlie  pleasure  to  rep!)rt  tlie  application  of  the  Technical  Society  of  tlie 
Pacific  Coast  for  membership  in  the  Association. 
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Bradleif  ^  Poates,  Lngr's,  y.Y. 

Upon  the  admission  of  tliis  society,  the  union  of  American  engineering  so- 
cieties, effected  by  the  Association,  will  extend  from  the  Atlantic  to  the  Pacific, 
and  will  tiius  become  longitudinally  co-extensive  with  the  union  of  American  states. 

With  the  Boston  Society  of  Civil  Engineers  (one  of  the  original  four)  upon  the 
Atlantic,  with  the  Technical  Society  of  the  Pacific  Coast  at  San  Francisco,  and  with 
societies  in  Virginia,  at  Cleveland,  O.,  Chicago,  111.,  St.  Louis  and  Kansas  City, 
Mo.,  St.  Paul  and  Minneapolis,  Minn.,  Denver,  Col.,  and  Mcm'ana,  the  Association 
embraces  52  degrees  of  longitude  and  10  of  latitude,  and  its  Journal,  may  be  taken 
as  fairly  representative  of  the  various  phases  of  American  engineering  practice. 

The  Board  of  Managers  of  the  Association  consists  of  one  representative  from 
each  society  of  one  hundred  members  or  less,  with  one  additional  representative  for 
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each  additional  one  hundred  members,  or  fraction  thereof  over  fifty.  In  the  map 
given  herewith,  each  society  is  represented  by  one  dot  for  each  of  its  representatives 
on  tlie  Board. 

The  aggregate  membership  of  the  associated  societies  is  now  nearly  1,500. 
There  were  published  in  1894  nearly  1,000  pages  of  papers,  proceeding-;  and  index  to 
current  technical  literature,  and  the  Journal  has  now  reached  a  circulation  of  about 
2,000. 

The  advantages  of  the  cooperation  thus  secured,  in  the  economy  effected  and 
in  the  interchange  of  ideas  afibrded,  are  so  manifest  that  it  would  seem  inevitable 
that  the  system  thus  established  should  rapidly  extend  its  scope  by  giving  rise  to 
the  formation  of  new  local  and  sectional  societie-;  which  should  profit  by  the  means 
thus  aflforded  for  the  publication  of  their  papers  and  proceedings. 


Articles  of  Association  and  Cliairiuan's  Report. 


For  convenience  of  reference,  a  number  of  copies  of  the  form  containing  the 
Articles  of  Association  and  the  Report  of  the  Chairman  of  the  Board  of  Managers, 
have  been  reprinted  from  the  January  Journal,  and  they  will  be  sent  to  members 
of  the  associated  societies  upon  application. 


Mutilated  Plates. 


It  appears  that,  through  carelessness  at  the  bindery,  the  plate  accomj)anying 
Mr.  S.  Bent  Russell's  paper  on  "  Points  of  Interest  in  the  Design  and  Construction 
of  the  New  St.  Louis  Water  Works,"  in  the  January  Journal,  was  sheared  in 
trimming  some  of  the  copies  of  the  Journal. 

The  Secretary  is  prepared  to  furnish  new  plates  to  replace  any  thus  mutilated. 


Tlie  AVestern  Society's  Menibersliip. — Correction. 


The  attention  of  the  Secretary  has  just  been  called  to  an  unintentional  mis- 
statement of  the  membership  of  the  Western  Society  of  Engineers  in  the  table  on 
page  111  of  the  January  Journal,  where  the  numbers  of  pages  per  member,  contrib- 
uted by  the  various  societies,  are  compared. 

For  the  jMirpose  of  this  comparison,  the  mailing  list  for  December,  1894,  was 
taken  as  indicating  the  membership  of  the  societies,  but  it  now  appears  that  a  num- 
ber of  members  of  the  Western  Society  had  been  dropped  from  that  list  pending 
payment  of  dues,  without,  however,  forfeiting  their  membershi[>  in  the  society. 

Judging  from  the  table  given  on  page  105  of  the  same  Journal,  the  member- 
ship should  have  been  stated  at  about  350,  instead  of  293.  This  would,  of  course, 
aftect  the  figures  in  the  second  and  fourth  columns,  but,  as  the  comparison  was 
given  simply  as  a  matter  of  general  interest,  it  is  perhaps  not  worth  while  to  print 
a  corrected  table. 


Engineers'  Office  Buildings. 


Two  years  ago,  when  the  question   of  improved    quarters  for  the   American 
Society  of  Civil  Engineers  was  being  discussed,  the  Collector  ventured  to  suggest  to 
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that  society  the  wisdom  of  uniting  with  its  sister  societies,  at  least  with  those  of  the 
mechanical,  raining  and  electrical  persuasions,  to  erect  a  joint  office  huilding  for  the 
use  of  the  several  societies. 

Such  a  huilding,  it  was  felt,  would  give  the  societies  vastly  improved  accom- 
modations, would  establish  an  engineering  headquarters  in  New  York  City  (inas- 
much as  engineers  of  all  branches  would  surely  find  it  to  their  interests  to  occupy 
offices  in  such  a  building)  and,  last  but  not  least,  would  form  a  handsome  source  of 
revenue  to  the  participating  societies. 

It  will  be  seen  tiiat  the  proposition  amounted  simply  to  this  :  that  the  great 
national  societies  having  headquarters  in  New  York  should  unite  for  the  purpose 
of  securing  a  home,  as  our  local  and  sectional  societies  have  united  in  the  Associa- 
tion of  Engineering  Societies  for  the  purpose  of  publishing  their  proceedings. 

Although,  to  all  appearances,  no  steps  have  been  taken  in  the  direction  sug- 
gested, the  Collector  believes  that  it  is  merely  a  matter  of  time  when  the  societies 
will  realize  the  advisability  of  such  a  step.  Already  we  notice,  as  a  straw  indica- 
ting the  direction  of  the  wind,  a  movement  on  the  part  of  engineers  in  Chicago 
toward  something  of  the  same  sort  of  concentration  as  is  here  suggested. 

The  Western  Society  of  Engineers  has  long  been  in  want  of  better  quarters 
than  those  previously  occupied  in  the  now  antiquated  Lakeside  Building,  and  the 
Society,  by  acting  in  cjoperation  with  a  number  of  engineers  who  were  similarly 
situated,  and  by  taking  a  large  amount  of  space  in  the  Monadnock  Block,  were 
enabled  to  secure  more  favorable  arrangements  than  could  otherwise  have  been 
effected. 

One  of  the  engineers  in  question  writes:  "We  are  very  comfortable  in  this 
building,  wliicli  now  contains,  no  doubt,  more  engineers  and  persons  connected  with 
engineering  occupations  than  any  other." 


Progi'ess  of  tlie  Metric  System. 


The  Bo.K  is  informed  tliat  Congress  has  passed  a  bill  providing  for  a  commission 
to  report  upontiie  propriety  of  introducing  the  metric  system  of  weights  and  meas- 
ures into  the  United  States.  The  commission  consists  of  the  Secretary  of  theTreas- 
ui-y,  the  Director  of  the  Mint  and  the  Superintendent  of  the  Coast  and  Geodetic 
Survey — Messrs.  John  G.  Carlisle,  Robert  E.  Preston  and  William  W.  Duffield.  It 
is  expected  that  the  report  of  the  commission  will  be  made  to  the  Fifty-fourth  Con- 
gress when  it  meets. 

The  adoption,  by  Act  of  Congress,  of  standard  units  of  electrical  measurement 
based  on  the  metric  system,  has  been  completed  by  the  report  to  Congress  of  the 
National  Academy  of  Sciences,  to  which  was  intrusted  the  duty  of  prescribing  speci- 
fications of  details  necessary  for  the  practical  application  of  the  definitions  of  units. 

In  England,  on  February  13th,  the  House  of  Commons  appointed  a  select  com- 
mittee to  inquire  whether  any  and  what  changes  of  their  weights  and  measures  is 
desirable.     There  is  reason  to  hope  for  a  report  favorable  to  the  metric  system. 


Timber  Pliysics. 


Thus  far  between  thirty  and  forty  thousand  tests  of  timber  have  been  made  at 
the  laboratory  at  Washington  I'niversity,  St.  Louis,  under  the  auspices  of  the 
Forestry  Division  of  the  Dejiartment  of  Agriculture. 
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As  a  result  of  these  tests,  a  number  of  generally  held  oi)inions  respecting 
timber  have  been  reversed  and  others  modified. 

It  lias  been  shown,  for  instance,  that  seasoned  lumber  is  about  twice  as  strong 
as  green  lumber,  but  tliat  well-seasoned  lumber,  if  soaked  in  water  or  left  for  a 
time  in  a  damp  place,  loses  its  strength  with  the  absorption  of  moisture.  On  the 
other  hand,  when  the  moisture  is  diminished  below  4  ])er  cent.,  a  slight  decrease 
in  strength  begins  to  appear. 

Again,  it  has  been  demonstrated  that  timbers  of  large  section  have  equal 
strength  per  square  inch  with  smaller  ones,  when  they  are  equally  free  from 
blemish. 

Another  time-honored  tradition  which  has  been  relegated  to  the  lumber  loft  is 
that  knots,  wliile  weakening  a  beam,  do  not  affect  the  strengtli  of  a  column.  The 
tests  at  St.  Louis  have  fully  e-itablished  the  fact  that  a  knot  is  as  great  a  source  of 
weakness  in  a  column  as  in  a  beam. 

That  the  tests  in  (piestion  have  dissipated  the  venerable  prejudice  against  bled 
timber  is  now  well  known. 

Finally,  the  tests  show  tiiat  long  leaf,  or  Georgia  pine,  is  stronger  than  average 
oak. 

In  Alabama,  along  the  Louisville  and  Nashville  Road,  a  large  amount  of 
chestnut  oak  was  felled  a  few  weeks  ago  for  the  tanned  bark  alone,  the  wood  being 
allowed  to  rot  because  its  value  for  railroad  ties  was  not  known.  The  Division  of 
Forestry,  in  a  circular,  called  attention  to  the  superiority  of  tliis  timber  for  ties,  and 
the  wood  is  now  utilized,  effecting  an  annual  saving,  for  that  region  alone,  of  from 
forty  to  fifty  thousand  dollars,  or  more  than  three  or  four  times  as  much  as  the 
annual  appropriations  for  the  Division  of  Forestry. 


Topograpliic  Maps  of  tlie  United  States  Geological  Survey. 


As  a  basis  for  its  geologic  representation,  the  U.  S.  Geological  Survey  is  pre- 
paring, through  actual  survey,  a  series  of  topographic  maps,  which,  when  com- 
pleted, will  cover  the  entire  United  States.  For  convenience  of  designation,  the 
maps,  which  are  about  19  by  22  inclies  in  size,  are  listed  under  a  State  series  head- 
ing, and  receive,  as  a  sub-title,  the  name  of  the  most  important  city  within  their 
limits,  thus  giving  a  suggestion  of  the  locality  covered. 

So  far,  nearly  900  maps  have  been  issued.  They  are  prepared  on  a  scale  of 
1 :  62,500  and  cover  one-sixteenth  of  a  degree  of  the  earth's  surface.  The  physical 
features  of  the  country  are  well  represented,  and  the  contour  delineation,  on  a  scale 
of  20-foot  intervals,  must  make  the  maps  valuable  as  an  aid  to  engineering  enter- 
prises where  an  accurate  knowledge  of  the  country  is  indispensable.  The  political 
geography  is  well  followed,  and  the  various  roads  and  railroads  are  given. 

In  the  distribution  of  these  sheets,  the  Director  of  the  Survey  has  endeavored 
to  place  the  maps  in  the  possession  of  those  who  have  actual  need  for  them. 

Application  should  be  made,  through  a  member  of  Congress,  to  the  Director  of 
the  United  States  Geological  Survey,  Washington,  D.  C. 


THE  LIBRARY. 


It  is  proposed  to  notice  briefly,  iu  this  department  of  the  Jouknal,  such  engineering  publications 
as  may  find  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  works  for  review,  to  state  the  prices  of  same. 


Eaiilvlue"'s  Civil  Engineering.     Notes  on ,  after  the  Notes  of  Prof. 

Williani  Allen  and  G.  W.  C.  Lee  ;  by   Prof.     David  C.   Humphreys,  C.  E., 

Washington  and   Lee  University,  Lexington,  Va.     1894.     184  pages,   9x12 

inches,  autolithograph.     Illustrated.     Price  $4.00,  post-paid. 

A  translation  of  Rankine's  monumental  works  into  the  vernacular,  sucli   as 

would  render  their  many  obscure  passages  intelligible   to  engineers,  has  been  a 

desideratum  ever  since  their  appearance.     The  autiior   and  his  two  predecessors 

have  not  attempted  this,  but   have  confined  themselves  to  the  task  of  elucidating 

those  comparatively  few  portions  which  might  be  expected  to  present  difBculties  to 

students.     Tiius  we  find  no  explanation  of  the  following  passages  on  pages  673  and 

674: 

The  Total  Head  of  a  given  particle  of  water  is  found  by  adding  together  the 
following  quantities: 

The  head  of  pressure,  or  intensity  of  the  pressure  exerted  by  the  particle, 
expresf^ed  in  feet  of  water. 

The  head  of  elevation,  or  actual  height  of  the  particle  above  some  fixed  or 
"  datum  "  level. 

In  order  to  acquire  velocity  from  a  state  of  rest,  or  an  increase  of  velocity,  a 
fluid  particle  must  pass  from  a  place  of  greater  total  head  to  a  place  of  less  total 
head.  This  it  may  do  either  by  actual  descent  from  a  higher  to  a  lower  level,  or 
by  passing  from  a  place  of  more  intense  pressure  to  a  place  of  less  intense  pressure, 
or  by  both  those  changes  combined. 

From  this  circumstance  we  judge  that  the  student  finds  these  passages  as  plain 
as  day,  without  a  diagram. 

The  author  has  devoted  to  his  task  a  vast  amount  of  intelligent  labor,  not  only 
in  the  preparation  of  the  text,  but  in  that  of  the  very  numerous  and  excellent 
illustrations,  which  are  far  superior,  in  point  of  intelligibility,  to  those  in  Ran- 
kine's  work  itself. 

The  Notes  were  prepared  i>rimarily  for  use  in  the  autiior's  classes,  but  they 
will  undoubtedly  prove  of  great  value  to  other  students  of  Rankine. 

Machine  Design.     Notes  on .     By  Prof.  Charles  H.  Benjamin,  Case 

School  of  Applied  Science,  Cleveland,   Ohio.     Pamphlet,  74  pages,  5  by   9 
inches. 

In  the  Library  for  May,  1894,  we  noticed  the  author's  notes  on  Heat  and 
Steam.  The  present  volume  is  uniform  with  the  preceding  and  similar  in  the 
scope  of  its  purpose,  which  is,  ''  to  gather  together  in  small  compass  the  more 
simple  formulas  for  the  strength  and  stiffness  of  machine  parts,  with  an  explanation 
of  the  principles  involved,  and  with  such  tables  and  information  as  the  designer  of 
machinery  might  find  useful, — to  put  the  mathemnticaj  principles  of  machine 
design  iu  a  compact  form,  at  a  moderate  price,  for  the  use  of  the  student  and  the 
young  engineer."     The  English  system  of  weights  and  measures  is  adhered  to,  and 

(168) 
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the  book  is  interleaved  with  blank  pages  for  the  convenience  of  the  student.  The 
various  propositions  are  fully  and  satisfactorily,  although  not  very  artistically, 
illustrated. 

Elenientai'y  Principles  of  Meclianics.    Vol.  II.    Statics.    By  A.  Jay 

Du  Bois,  C.  K  ,  Ph.D.,  Professor  of  Civil  Engineering  in  the  ShefKeld  Scientific 

School  of  Yale  University.    First  edition.    First  thousand.    New  York:  John 

Wiley  &  Sons,  1894.     Cloth,  $4.00.     392  pages. 

In  the  Library  for  October  we  noticed  the  appearance  of  the  first  volume  of  this 

work,  viz.  :  Kinematics,  and  the  remarks  there  made  apply  with  full  force  to  this 

second  volume  of  the  series,  not  the  least  important  feature  of  which  is  the  very 

large  number  of  examples  by  which  the  propositions  are  illustrated,  and  which  are 

worked  out  in  the  text. 

Aerial  NaA^ig'atlon  ;  Proceedings  of  the  International  Congress  of — ,lield  in 
Chicago,  August  1,  2,  3  and  4,  1893.   The  American  Engineer  and  Railroad  Jour- 
nal.    New  York,  1894.     414  pages  and  Index.     5|x8.^.     Price  $2.50. 
In  the  Library  for  July,  1894,  we  noticed,  at  considerable  length,  Mr.  O.  Cha- 
nute's  monumental  work  upon  Progress  in  Flying  Machines.     The  present  volume 
appears  under  the  au.spices  of  the  same  publishers,  and,  unfortunately,  in  the  same 
fine  and  closely-set  type. 

This  notable  conference  was  0])ened  by  Mr.  Chanute,  Chairman  of  the  Organ- 
izing Committee,  who  presided  over  the  first  day's  session,  at  which  the  scientific 
principles  of  aerial  navigation  were  discussed.  The  amount  of  material  i)resented 
is  so  great  that  we  can  here  barely  allude  to  a  few  of  the  most  notable  papers,  as 
follows : 

On  the  Internal  Work  of  the  Wind.  By  Prof.  S.  P.  Langley,  Secretary  of  the 
Smithsonian  Institute. 

On  Atmospheric  Gusts  and  on  Aeroplanes  and  Flving  Machines.  By  Prof.  A. 
F.  Zahm. 

On  the  Mechanics  of  Flight  and  Aspiration.  By  A.  M.  Wellington.  (A.  paper 
discussed  by  Messrs.  J.  Bretonniere  and  H.  A.  Hazen.) 

On  a  Theory  of  Sailing  Flight,  on  Aeroplanes  and  Flapping  Machines,  and  a 
Note  on  the  Elastic  Screw.     By  William  Kress,  of  Vienna. 

Flying  Machines,  Motors  and  Cellular  Kites.  By  Lawrence  Hargrave,  the 
noted  ex(ierimenter,  of  Sydney,  New  South  Wales. 

On  Flotation  versus  Aviation.     By  Prof.  DeVolson  Wood. 

On  Systematic  Explorations  of  the  Upper  Air,  with  Estimates  of  Cost.  By 
Mark  W.  Harrington,  Chief  of  VV^eather  Bureau,  Washington,  D.  C. 

On  Scientific  Results  Gained  by  Balloons,  and  Ten  Miles  Above  the  Earth. 
By  H.  A.  Hazen,  of  the  Weather  Bureau. 

Also  four  papers  by  Carl  E.  Myers,  whose  name  is  followed  by  the  novel  title 
of  Aeronautical  Engineer. 

Prof.  Thurston  contributes  Notes  on  the  Materials  of  Aeronautic  Engineering, 
and  C.  E.  Duryea,  of  Peoria,  111.,  one  with  the  significant  title  "  Learning  How  to 
Fly." 

Les  Refornies  des  Tarifs  de  Voyag'eurs.     By  L.  de  Perl,  Counsellor 
of  State,  Director  of  International  Service  of  Russian  Railways.     Published  by 
order  and  under  the  auspices  of  the  Russian  Ministry  of  Finance.     Paris :  J. 
Rothschild.     1893.     279  pages. 
The  author's  instructions  from  the  Russian  Minister  of  Finance  contemplated 

the  study  of  the  reform  of  passenger  tarifl^s  adopted  by  the  Hungarian  Government, 
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with  a  view  to  ascertain  its  aiiplicability  to  the  Russian  railways;  but,  in  pursuing 
these  studies,  the  author  became  convinced  that  an  examination  of  the  Hungarian 
system  alone  would  not  suffice  for  arriving  at  a  proper  view  of  the  main  question, 
and  he  has  therefore  extended  his  investigations  to  the  systems  in  vogue  in  other 
European  countries. 

In  the  first  chapter  the  author  reviews  the  history  of  reform  in  passenger  rates, 
beginning  with  tiie  project  of  William  Gait  in  England,  in  1843,  following  close 
upon  the  reform  of  postal  charges  introduced  by  Rowland  Hill  in  1840,  reforms 
which  give  to  England  the  credit  of  pioneership  in  both  directions. 

The  systems  inaugurated  in  the  several  European  countries  are  then  examined 
and  discussed  in  detail,  and  the  author  sums  up  his  conclusions,  in  which  he  rec- 
ommends the  adoption  of  the  differential  tariff"  in  preference  to  the  Zone  system, 
and  proposes  a  tariff"  affecting  material  reductions  in  existing  rates,  the  reductions 
increasing  as  the  distance  traveled  increases. 

TJ.  S.  DeiJartment  of  Agrictiltiire,— Office  of  Roadlnquiry.    Bulletins 

1-8. 

No.  1  is  a  valuable  compilation,  by  General  Roy  Stone,  Special  Agent  in 
Charge  of  Road  Inquiry,  of  State  Laws  relating  to  the  management  of  roads,  enacted 
from  1888  to  1893.  Fourteen  States  are  here  represented,  and  the  laws  given  are 
nearly  all  of  the  year  1893,  although  New  Jersey,  the  pioneer  State  in  the  matter 
of  new  road  laws,  began  enacting  them  as  early  as  1888. 

No.  2,  Proceedings  of  the  Minnesota  Good  Roads  Convention,  held  at  St.  Paul, 
Minn.,  January  25  and  26,  1894. 

No.  3,  The  Improvement  of  the  Road  System  of  Georgia,  by  O.  H.  Sheffield, 
C.  E.,  with  an  illustrated  description  of  the  methods  employed. 

No.  4  is  a  report  on  Road-Making  Materials  in  Arkansas,  by  John  C.  Branner, 
State  Geologist. 

Nos.  o,  6  and  7  give  Information  regarding  Road  Materials  and  Transportation 
Rates  in  certain  States  west  of  the  Mississippi  River,  north  of  the  Ohio  River,  and 
in  the  eastern  and  southern  sections,  respectively. 

No.  8,  The  Construction  and  Repair  of  Earth  Roads,  by  General  Stone. 

No.  9,  State  Aid  to  Road-Building  in  New  Jersey,  by  Edward  Burrough,  Chair- 
man of  tiie  New  Jersey  State  Board  of  Agriculture  and  State  Commissioner  of  Pub- 
lic Roads. 

TJiiildiiitj;  for  T^ibrary  of  Congress, — Report  upon  the  Construction  of 

the during  the  year  ending  December  1,  1894. 

The  two  photographic  views  here  shown,  one  taken  from  the  dome  of  the  Cap- 
itol and  the  other  from  near  the  southwest  corner  of  the  Library  building,  both 
taken  on  November  20,  1894,  show  that  the  latter  was  at  that  time  nearing  comple- 
tion. The  last  stone  of  the  superstructure  was  laid  on  July  7th,  and  the  last  of  the 
walls  of  the  building  proper  was  thus  completed.  At  the  date  of  the  report,  Decem- 
ber 3d,  operations  were  still  actirely  [nogressing,  some  400  workmen  being  steadily 
employed.  It  is  contidently  stated  that  in  the  event  of  sufficient  ajtpropriations  the 
building  will  be  finished  early  in  1897,  and  that  the  total  cost  will  be  within  the 
limit  fixed  by  law.  Over  four  million  dollars  have  already  been  expended.  Mr. 
Bernard  R.  Green,  C.  E.,  Member  American  Society  Civil  Engineers,  is  in  charge 
of  the  work. 

The  report  contains  a  plan  for  a  tunnel  to  connect  the  Library  building  with 
the  Capitol.     The  tunnel  will  contain  a  cable  for  tiie  rapid  transmission  of  books, 
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etc.,  between  the  two  buiMings,  and  a  small  pneumatic  tube  for  tlie  transmissii  n  of 
written  messages,  tele|)hone  wires,  etc.  It  is  said  that  the  cost  of  the  tunnel  and 
apparatus  complete  will  not  exceed  $35,000. 

"WasMiigton  Aqtieclixct ;  Annual  Eeport  upon  the — ,Increasing  Wat(r  Sup- 
ply of  the  City  of  Washington,  and  Erection  of  Fish  Ways  at  the  Great  Falls  of 
the  Potomac,  in  charge  of  George  H.  Elliot,  Colonel  Corps  Engineers,  U.  S.  A. 
Washington,  1895. 

In  discussing  the  Washington  aqueduct.  Colonel  Elliot  takes  up  the  subject  of 
filtration  of  the  city's  water  supply,  and,  after  considering  the  claims  of  mechanical 
or  rapid,  and  of  natural  or  slow,  filtration,  he  reaches  the  conclusion  that  there 
appears  to  be  no  cause  for  apprehension  respecting  the  healtlifulness  of  Potomac 
water  as  delivered  by  the  river  into  the  intake  of  the  aqueduct  at  Great  Falls ;  and 
that,  as  long  as  the  present  condition  continues,  the  great  expenditures  that  would 
be  required  for  the  first  cost  of  filtration  works  and  for  the  annual  cost  of  their 
maintenance  would  not  be  justifiable,  and  that  for  the  present,  at  least,  reliance 
should  be  had  on  sedimentation. 

California  State  Mining  Bareatx. — Twelfth  Report  of  the  State  Miner- 
alogist.    Sacramento,  1894. 

Although  the  act  of  the  California  Legislature  providing  for  the  establishment 
of  the  State  Mining  Bureau  was  not  approved  until  March  li3,  1893,  the  bureau  has 
already  shown  marked  activity,  as  witness  the  second  biennial  report  of  the  State 
Mineralogist  now  before  us.  This  constitutes  a  veritable  mineralogical  and  geolog- 
ical description  of  the  State,  the  principal  products  being  treated  in  alphabet- 
ical order.  Naturally  gold  monopolizes  some  250  pages,  or  nearly  one  half  of  the 
entire  volume,  but  structural  materials,  and  notably  granite  and  other  building  stones 
come  in  for  extensive  mention.  The  volume  is  handsomely  illustrated  by  photo- 
graphic and  other  views,  some  of  which  jiiesent  remarkably  striking  scenic  features. 
Mr.  Thomas  Haight  Leggett  contributes  an  elaborately  illustrated  paper  of  forty- 
one  pages  on  the  Use  of  Electric  Power  Transmission  Plants  in  Mining  Operations, 
and  the  report  closes  with  geological  notices  of  certain  of  the  counties  of  the  Slate, 
and  an  appendix  containing  various  acts  of  legislature  bearing  upon  the  mineral 
industries  of  the  State.  In  addition  to  the  pre|)aration  of  its  reports,  the  bureau 
issues,  from  time  to  time,  bulletins,  one  of  which,  by  Mr.  W.  H.  Storms,  on  Methods 
of  Mine  Timbering,  was  briefly  noticed  in  the  Library  for  August,  1894. 

Society  Pi'oeeedings. 

American  Society  of  Civil  Engineers,  Transactions  of  tlie . 

December,  1894,  Vol.  XXXII,  No.  6. 

The  prominent  feature  of  this  number  is  an  elaborate  and  handsomely  illus- 
trated paper  by  Mr.  John  Thomson,  describing  the  Platen  Process  for  Letter- 
Press  Printing,  etc.  Mr.  Bolton  W.  DeCourcy  contributes  an  account  of  the 
Improvement  of  Gray's  Harbor,  Wash.,  and  Prof.  Mansfield  Merriman  discusses, 
in  an  illustrated  paper,  the  Strength  and  Weathering  Qualities  of  Roofing  Slates. 

Federated  Institution  op  Mining  Engineers,  Transactions  of  the .     Vol. 

VIII,  No.  1.     Issued  November  24,  1894.     Newcastle-upon-Tyne.  Price  12s. 

In  the  Contribution  Box  for  January,  1895,  we  gave  a  brief  account  of  this 
Institution,  which,  like  our  own  Association,  secures  co-operation  among  a  number 
of  engineering  societies  for  the  benefit  of  all. 
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We  now  receive  from  tlie  Secretary  a  copy  of  these  Transactions,  which  we  may 
with  profit  compare  witii  our  own  Journal. 

We  note,  in  tlie  first  place,  that  the  price  of  this  one  issue,  witli  its  224  pages, 
is  the  same  as  oar  subscription  price  for  our  annual  volume,  which  now  contains 
about  1,000  pages  of  reading  matter  and  index. 

We  note,  further,  that,  notwithstanding  the  improvement  which  lias  been 
effected  in  the  appearance  of  our  Journal,  this  British  publication  is  still,  in 
many  resjiects,  decidedly  superior  to  our  own,  but  we  may  trust  that  when  our  sub- 
scription rate  has  been  quadrupled  we  may  appear  in  as  handsome  shape. 

As  might  be  expected  from  the  title  of  the  Institution,  the  papers  presented 
bear  almost  exclusively  upon  matters  of  interest  to  mining  engineers,  but  Mr.  Mor- 
gan W.  Davies  contributes  a  paper,  illustrated  by  four  plates,  upon  timber  bridges 
and  viaducts. 

The  gas  tester  for  detecting  and  estimating  fire-damp  in  mines,  invented  by 
Thomas  Shaw,  of  Philadelphia,  is  described  and  illustrated  by  Mr.  Josei)h  R.  Wil- 
son, member  of  the  American  Institute  of  Mining  Engineers. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Societv  before  which  such  articles  were  read. 
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THE  CHICAGO   SAXITAEY  DISTRICT    CAIS  AL. 


I.    Introductory 


By  Isham  Randolph,  Member  of  the  Western  Society  of  Engineers. 


[Read  August  1, 1894.*] 

I  APPEAR  before  you  to-night  in  fulfillment  of  a  promise  made  to 
our  worthy  Secretary  some  weeks  ago,  that  I  would  prepare  and  present 
at  this  time  a  paper  upon  the  work  of  the  Sanitary  District  of  Chicago 
which  should  be  the  introduction  to  a  series  of  papers  to  be  prepared 
by  the  Engineers  directly  in  charge  of  the  several  Divisions,  descriptive 
of  the  methods  pursued  and  the  results  accomplished  upon  the  sections 
under  their  direction.  The  promise  was  a  rash  one,  and  I  now  know 
that  I  should  not  have  made  it. 

When  a  work  of  this  magnitude  is  being  crowded  forward,  it 
demands  the  entire  time  and  the  best  thought  of  its  executive  head. 
This  being  true,  T  find  that  in  making  the  promise  to  which  I  stand 
committed  I  have  done  myself  an  injustice  no  less  than  the  enterprise  of 
which  I  have  undertaken  to  treat,  besides  the  still  further  wrong  of 
disappointing  an  audience  which  I  would  fain  please,  if  I  cannot 
instruct.  With  this  introduction  and  apology,  I  will  proceed  at  once  to 
the  subject  in  hand. 

The  Sanitary  District  of  Chicago  comprises  practically  all  of  the 
city  north  of  87tli  Street,  and  about  forty-three  square  miles  of  Cook 

*  Manuscript  received  March  11,  1895. — Secretary,  Assn.  Eng.  Soes. 
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County  outside  and  west  of  the  city  limits.  It  would  be  interesting  to 
introduce  here  a  few  pages  of  history  ;  to  review  the  causes  which,  year 
by  year,  with  the  growth  of  this  mighty  city,  have  gathered  force  and 
unity  until  they  have  compelled  action. 

A  review  of  the  various  projects  proposed  for  relieving  Chicago  of 
its  incubus  of  filth,  and  a  presentation  of  the  arguments  put  forward  by 
the  advocates  of  each  project,  would  afford  subject-matter  both  instruct- 
ive and  entertaining ;  but  it  is  not  for  me  to  take  up  the  bygones.  The 
issues  have  been  joined,  and  one  of  the  theories  of  yesterday  is  passing 
rapidly  to-day  into  the  fact  accomplished. 

The  Sanitary  District  of  Chicago  was  organized  under  the  law  for 
incorporating  Sanitary  Districts,  enacted  by  the  Legislature  of  the  State 
of  Illinois  in  1889,  approved  May  30th,  and  in  force  July  1st,  1889. 
It  is  entirely  separate  and  distinct  from  the  municipal  government  of 
Chicago.  Under  the  general  law  above  referred  to,  the  Trustees  may 
levy  and  collect  taxes  for  carrying  on  the  work  intrusted  to  them,  to  the 
extent  of  one-half  of  one  per  cent,  per  annum  of  the  value  of  the  tax- 
able property  within  the  corporate  limits  of  the  District,  as  the  same 
shall  be  assessed  and  equalized  for  State  and  County  taxes  of  the  year 
in  which  the  levy  is  made.  They  may  issue  bonds  to  the  extent  of  5 
per  cent,  of  the  value  of  the  taxable  property  of  the  District,  as  deter- 
mined by  the  last  assessment  for  State  and  County  taxes  previous  to  the 
issue  of  said  bonds  ;  provided,  however,  that  said  5  per  cent,  shall  not 
exceed  the  sum  of  $15,000,000.  The  population  of  the  District  is 
now  about  1,400,000,  and  the  assessed  vulue  of  the  property  is  $242,- 
438,000. 

The  District  organization  constitutes  probably  the  most  independent 
civil  corporation  extant.  The  Trustees,  nine  in  number,  are  elected  by 
the  voters  of  the  District,  and  hold  office  for  a  term  of  five  years.  They 
take  their  commissions  from  the  people  and  are  answerable  to  the  people 
only.  They  elect  one  of  their  own  number  President,  and  the  term  of 
office  is  one  year.  The  officers,  other  than  Trustees,  are  a  Clerk, 
Treasurer,  Chief  Engineer  and  Attorney,  each  with  an  appropriate  staff" 
of  assistants. 

The  first  Board  of  Trustees  was  elected  November,  1889,  and  their 
first  meeting  for  organization  was  on  January  18, 1890,  in  Judge  Drigg's 
Court  Room,  in  the  County  Court  House  in  this  city.  Trustees-elect 
John  J.  Altpeter,  A.  P.  Gilmore,  John  A.  King,  Murray  Nelson, 
Richard  Pendergast,  W.  H.  Russell,  Frank  Wenter  and  H.  J.  Willing 
were  present,  and  Trustee-elect  Christoph  Hotz  was  absent.  On  that 
occasion  a  temporary  organization  was  effected,  which  was  followed  by 
a  perfected  organization  on  February  loth  of  the  same  year,  when  the 
"  Rules  and  Order  of  Business  of  the  Board  of  Trustees  "  were  adopted 
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and  officers  elected.  The  law  which  conferred  their  powers  and  respon- 
sibilities upon  them,  prescribed,  in  the  following  language,  how  they 
should  construct  the  channel : 

"  If  any  channel  is  constructed  under  the  provisions  hereof  by 
means  of  which  any  of  the  waters  of  Lake  Michigan  shall  be  caused  to 
pass  into  the  Desplaines  or  Illinois  River,  such  channel  shall  be  con- 
structed of  sufficient  size  and  capacity  to  produce  and  maintain  at  all 
times  a  continuous  flow  of  not  less  than  300,000  cubic  feet  of  water  per 
minute,  and  to  be  of  a  depth  of  not  less  than  fourteen  feet,  and  a  current 
not  exceeding  three  miles  per  hour,  and  if  any  portion  of  any  such 
channel  shall  be  cut  through  a  territory  with  a  rocky  stratum  Avhere 
such  rocky  stratum  is  above  a  grade  sufficient  to  produce  a  depth  of 
water  from  Lake  Michigan  of  not  less  than  eighteen  feet,  such  portion 
of  said  channel  shall  have  double  the  flowing  capacity  above  provided 
for,  and  a  width  of  not  less  than  one  hundred  and  sixty  feet  at  the 
bottom  capable  of  producing  a  depth  of  not  less  than  eighteen  feet  of 
water.  If  the  population  of  the  district  draining  into  such  channel 
shall  at  any  time  exceed  1,500,000,  such  channel  shall  be  made  and  kept 
of  such  size  and  in  such  condition  that  it  will  produce  and  maintain  at 
all  times  a  continuous  flow  of  not  less  than  20,000  cubic  feet  of  water 
per  minute  for  each  100,000  of  the  population  of  such  district,  at  a 
current  of  not  more  than  three  miles  per  hour,  and  if  at  any  time  the 
general  government  shall  improve  the  Desplaines  or  Illinois  Rivers,  so 
that  the  same  shall  be  capable  of  receiving  a  flow  of  600,000  cubic  feet 
of  water  per  minute,  or  more,  from  said  channel,  and  shall  provide  for 
the  payment  of  all  damages  which  any  extra  flow  above  300,000  cubic 
feet  of  water  per  minute  from  such  channel  may  cause  to  private 
property  so  as  to  save  harmless  the  said  district  from  all  liability  there- 
from, then  such  sanitary  district  shall  within  one  year  thereafter,  enlarge 
the  entire  channel  leading  into  said  Desplaines  or  Illinois  Rivers  from  said 
district  to  a  sufficient  size  and  capacity  to  produce  and  maintain  a  con- 
tinuous flow  throughout  the  same  of  not  less  than  600,000  cubic  feet  of 
water  per  minute,  with  a  current  of  not  more  than  three  miles  per  hour, 
and  such  channel  shall  be  constructed  upon  such  grade  as  to  be  capable 
of  producing  a  depth  of  water  not  less  than  eighteen  feet  throughout 
said  channel,  and  shall  have  a  width  of  not  less  than  one  hundred  and 
sixty  feet  at  the  bottom,  in  case  a  channel  is  constructed  in  the  Des- 
plaines River  as  contemplated  in  this  section,  it  shall  be  carried  down 
the  slope  between  Lockport  and  Joliet,  to  the  pool  commonly  known  as 
the  upper  basin,  of  sufficient  width  and  depth  to  carry  off"  the  water 
the  channel  shall  bring  down  from  above.  The  district  constructing  a 
channel  to  carry  water  from  Lake  Michigan  of  any  amount  authorized 
by  this  act,  may  connect,  modify  and  remove  obstructions  in  the  Des- 
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plaines  and  Illinois  Rivers  wherever  it  shall  be  necessar}^  so  to  do  to 
prevent  overflow  or  damage  along  said  river,  and  shall  remove  the  dams 
at  Henry  and  Copperas  Creeks,  in  the  Illinois  River,  before  any  water 
shall  be  turned  into  the  said  channel.  And  the  Canal  Commissioners, 
if  they  shall  find  at  any  time  that  an  additional  supply  of  water  has 
been  added  to  either  of  said  rivers,  by  any  drainage  district  or  districts, 
to  maintain  a  depth  of  not  less  than  six  feet  from  any  dam  owned  by 
the  State,  to  and  into  the  first  lock  of  the  Illinois  and  Michigan  Canal 
at  La  Salle,  without  the  aid  of  any  such  dam,  at  low  water,  then  it  shall 
be  the  duty  of  said  Canal  Commissioners  to  cause  such  dam  or  dams  to 
be  removed.  This  act  shall  not  be  construed  to  authorize  the  injury  or 
destruction  of  existing  water-power  rights. 

"  Control  of  channel  when  completed  :  When  such  channel  shall 
be  completed,  and  the  water  turned  therein,  to  the  amount  of  300,000 
cubic  feet  of  water  per  minute,  the  same  is  hereby  declared  a  navigable 
stream,  and  whenever  the  general  government  shall  improve  the  Des- 
plaines  and  Illinois  Rivers  for  navigation,  to  connect  with  this  channel, 
said  general  government  shall  have  full  control  over  the  same  for  navi- 
gation puposes,  but  not  to  interfere  with  its  control  for  sanitary  or 
drainage  purjioses." 

The  carrying  out  of  these  requirements  being  an  engineering  work, 
a  Chief  Engineer  was  elected  at  the  fii'st  meeting  of  the  Board  after 
permanent  organization  had  been  effected,  and  his  duties,  as  set  forth  in 
the  rules,  were  as  follows:  "The  Chief  Engineer  shall  have  charge  of 
all  engineering  work  and  shall  do  all  surveying  and  civil  engineering 
necessary  or  ordered  by  the  Board ;  make  all  plans,  estimates,  drawings, 
figures  and  reports  required  by  the  Board  ;  and  shall  perform  such  other 
duties  as  may  be  imposed  upon  him  from  time  to  time  by  ordinances  or 
resolutions  of  the  Board."  On  February  8th,  Mr.  L.  E.  Cooley,  the 
Chief  Engineer  elect,  reported  to  the  board,  "  that  all  of  the  work  pre- 
liminary to  actual  work  of  construction  would  require  until  the  Spring 
of  1892."  For  several  months  the  Chief  Engineer  seems  to  have  consti- 
tuted the  engineering  department,  for  while  he  was  authorized  to  "  secure 
and  have  in  readiness  ""  a  suflScient  staff"  to  do  all  of  the  engineering 
work,"  yet  the  decree  recited  further,  "  compensation  of  services  not  to 
commence  until  ordered  by  this  board."  In  explanation  of  this  a 
quotation  from  the  pi'oceedings  of  February  1st,  suffices:  "Resolved, 
that  the  officers  selected  shall  not  be  entitled  to  draw  salaries  until  after 
the  Supreme  Court  shall  have  affirmed  the  validity  of  the  law." 

On  June  14,  1890,  at  the  eighteenth  regular  meeting.  President 
Nelson  called  the  meeting  to  order  and  spoke  as  follows :  "  Gentlemen, 
we  now  have  the  decision  of  the  Su[)reme  Court.  There  is  nothing  in 
the  way  to  prevent  our  going  ahead  as  rapidly  as  possible."     At  this 
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meeting  Mr.  Wm.  M.  Reese  was  appointed  Chief  Assistant  to  the  Chief 
Engineer,  and  Messrs.  Thomas  T.  Johnston  and  Wm.  T.  Blunt  Principal 
Assistants,  and  we  may  conclude  that  the  active  work  of  the  engineer- 
ing department  dated  from  that  time.  You  have  heard  that  the  course 
of  true  love  never  did  run  smooth,  and  the  same  assertion  applies  to  the 
courses  of  the  Chief  Engineers  of  this  District.  With  active  work 
came  active  opposition  to  the  Chief  Executive  of  the  Engineering 
Department,  and,  to  quote  his  own  description  of  the  disaster  on  the 
10th  of  December,  1890,  he  "was  thrown  down  stairs,"  You  have 
heard  of  the  certain  resurrection  of  truth  crushed  to  earth.  Well, 
the  Chief  Engineer,  like  truth,  rose  again  and  was  bidden  by  the  peo- 
ple to  take  a  place  among  the  trustees  as  the  peer  of  those  who  had 
helped  him  down  stairs  on  the  memorable  10th  of  December.  He  was 
succeeded  by  Mr.  W.  E.  Worthen,  who  was  elected  on  December  17, 
1890,  and  had  associated  with  him,  as  consulting  engineer,  General 
John  Newton.  These  gentlemen  remained  with  the  District  until 
April  21,  1891,  when  they  resigned.  On  May  9,  1891,  Mr.  Samuel 
G.  Artingstall  was  elected  Chief  Engineer  and  he  held  the  office  until 
January  16,  1892.  His  successor,  Mr.  Beuezette  Williams,  was 
elected  on  the  day  of  his  retirement.  Mr.  Williams'  incumbency  of  the 
office  lasted  until  June  8,  1893,  and  since  that  date  I  have  had  the 
honor  of  being  Chief  of  the  Department.  So  much  for  the  chronology 
of  office-holding.  It  is  not  in  order  now  to  discuss  the  various  routes 
proposed  for  the  Main  Drainage  Channel  nor  to  review  the  arguments 
advanced  in  favor  of  each,  as  we  are  dealing  with  the  channel  upon  the 
route  finally  adopted  and  made  irrevocable  by  the  purchase  of  a  right 
of  way  costing  nearly  $2,603,228,  and  the  execution  of  contracts,  cover- 
ing 28  miles  of  construction,  which  are  now  being  pushed  forward  with 
a  rapidity  unexcelled,  if  ever  equalled,  in  the  history  of  any  engineer- 
ing enterprise.  This  location  is  essentially  parallel  with  the  line  of  the 
Illinois  and  Michigan  Canal.  Although  minor  defects  in  alignment  have 
been  avoided,  lighter  curves  used  and  longer  tangents  secured,  the 
maximum  curvature  is  0°  36'.  That  portion  of  the  route  southwesterly 
from  Willow  Springs  was  first  adopted  and  put  under  contract.  The  work 
was  divided  into  sections  averaging  about  one  mile  each,  and  these  were 
numbered  consecutively  from  1  to  14,  No.  1  commencing  at  the  Willow 
Springs  Road.  It  being  considered  that  these  were  the  most  difficult 
sections,  because  eight  of  the  fourteen  were  practically  through  rock 
cuts,  and  the  other  six  were  underlaid  with  solid  rock  which  would 
form  a  large  percentage  of  the  entire  volume,  these  sections  were  first 
advertised  for  contract,  and  the  contracts  were  awarded  in  July,  1892. 
On  September  3,  1892,  which  passed  into  the  annals  of  the  enterprise 
as  "shovel  day,"  the  work  was  officially  inaugurated  in  the  presence  of 
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a  large  company  assembled  ou  each  side  of  the  line  between  Cook  and 
Will  Counties,  where  it  is  crossed  by  the  channel.  President  Frank 
"Wenter  wielded  the  official  nickle-plated  shovel  which  turned  the  first 
sod,  and  Trustee  L.  E.  Cooley  manipulated  the  battery  which  dis- 
charged the  first  blast.  Speeches  were  made  by  officers  of  the  District 
and  by  distinguished  guests,  and  the  great  enterprise  was  fairly 
launched. 

Easterly  from  AVillow  Springs  Road,  the  sections  are  lettered  from 
A  to  O,  omitting  J,  and  are  entirely  in  "  glacial  drift "  except  for  a  few 
hundred  feet  on  each  side  of  the  Summit  Road,  in  sections  E  and  F, 
where  test-pits  indicate  rock  rising  about  seven  feet  above  the  grade  line 
at  tiie  highest  point.  The  lettered  sections  are  now  all  under  contract. 
Sections  A  to  F  were  awarded  late  in  1892  and  early  in  1893.  G  to  M 
inclusive  were  awarded  in  December,  1893,  and  N  and  O  in  May,  1894. 
The  cross-section  finally  adopted  for  all  of  the  numbered  sections,  which 
Avill  be  partially  or  wholly  in  rock,  is  160  feet  wide  at  bottom  and  162 
feet  wide  at  top.  The  sides  in  rock  are  cut  vertically  by  channeling 
machines,  and  three  stopes  are  prescribed,  with  ofF-sets  of  six  inches  for 
each  stope  to  admit  of  using  the  chanueler.  The  numbered  sections, 
which  are  partially  in  earth  and  partially  in  rock,  are  to  be  walled 
above  the  rock  to  an  elevation  of  5  feet  above  Chicago  Datum.  To 
build  these  retaining  walls  on  these  sections,  nearly  300,000  cubic  yards 
of  masonry  will  be  required.  The  original  specifications  for  this  masonry 
contemplated  dry  rubble.  The  developements  on  the  rock  sections  con- 
vinced me  that  rock  to  fit  the  specifications  could  not  be  had  from  the 
excavations,  and  I  prevailed  upon  the  Board  to  adopt  cement  masonry 
specifications.  These  specifications  provide  for  the  use  of  mortar  made 
of  cement  and  sand  in  equal  parts. 

The  earth  sections  are  to  be  202  feet  at  bottom,  with  side  slopes  of 
2  feet  horizontal  to  1  foot  vertical.  The  earth  sections,  east  of  the  range 
line  near  Summit,  are  not  being  excavated  to  full  width.  The  bottom 
width  of  present  excavation  is  only  102  feet,  side  slopes  two  to  one.  The 
reason  for  this  is  that  the  future  enlargement  can  be  economically  made 
by  dredging,  and  a  present  saving  is  effected  by  reducing  the  acreage 
necessary  to  be  purchased  for  spoil  area. 

The  grade  throughout  the  lettered  sections  is  1  foot  in  40,000  feet 
(0.025  per  100),  and  the  bottom  of  the  channel  at  Robey  Street  is 
24.448  feet  below  datum.  The  grade  in  the  numbered  sections  is  1  foot 
in  20,000  feet  (0.05  per  1000). 

The  specifications  under  which  this  work  has  been  contracted  for, 
provide  for  but  two  classifications,  Glacial  Drift  and  Solid  Rock.  Glacial 
Drift  is  a  drag  net  which  catches  everything  but  solid  rock.  The  defi- 
nition reads  thus:  "Glacial   Drift  shall   comi)rise  the  top    soil,  earth. 
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muck,  sand,  gravel,  clay,  hard  pan,  boulders,  fragmentary  rock  displaced 
from  its  original  bed,  and  any  other  material  that  overlies  the  solid 
rock." 

Solid  Rock  is  defined  in  the  following  terms:  'Solid  Rock  shall 
comprise  all  rock  found  in  its  original  bed,  even  though  it  may  be  so 
loosened  from  the  adjacent  underlying  rock  that  it  can  be  removed 
without  blasting." 

The  bids  for  Section  No.  15  are  to  be  opened  on  the  22d  of  August. 
This  is  the  extreme  southerly  section  of  the  channel,  and  on  it  will  be 
located  the  controlling  works.  The  design  of  these  works  is  to  control 
the  discharge  from  the  main  channel  into  the  tail  race.  "When  the  flo\\ 
is  normal,  the  crest  of  the  discharge  over  the  waste  weirs  will  be  about 
eight  feet  below  Chicago  Datum,  but,  under  conditions  which  may  obtain, 
the  flow  will  have  to  be  shut  ofl^  and  the  water  held  up  to  lake  level, 
which  may  reach  five  (5)  feet  above  datum.  This  section,  as  will  be 
seen  by  an  examination  of  the  plat,  fans  out  to  a  width  of  505  feet. 
This  peculiar  shape  does  not  accord  with  my  personal  views  of  what 
should  be  done  on  this  section,  and  I  am  hopeful  of  being  able,  before 
the  work  progresses  too  far,  to  recast  the  plan  upon  lines  which  seem  to 
me  better  suited  to  the  conditions  which  must  obtain.  Our  contracts 
provide  for  changes  of  plan  during  the  progress  of  the  work. 

While  Section  No.  15  ends  the  Main  Drainage  Channel,  it  does  not 
mark  the  southerly  limit  of  work  to  be  done  by  the  Sanitary  District. 
This  work  consists  in  preparing  a  tail  race  to  receive  the  outflow  from 
the  channel,  or  practically  a  correction  and  enlargement  of  the  Des 
plaines  River  Channel  for  a  distance  of  about  nine  thousand  feet,  a  work 
the  estimated  cost  of  which  is  $425,260.  In  addition  to  this,  quite  a  large 
amount  of  work  has  to  be  done  in  making  the  channel  through  the  city 
of  Joliet  adequate  to  the  passage  of  600,000  cubic  feet  of  water  per 
minute,  additional  to  the  flow  of  the  Desplaines  proper;  then,  too,  the 
removal  of  the  dams  in  the  Illinois  River,  at  Henry  and  at  Copperas 
Creek,  is  made  obligatory  under  the  law. 

So  far  I  have  made  no  mention  of  a  most  important  auxiliary  work 
which  was  accomplished  last  season.  I  mean  the  diversion  of  the 
Desplaines  River.  For  long  distances  the  location  of  the  main  channel 
occupied  the  bed  of  the  Desplaines,  and  almost  its  entire  length  was 
subject  to  inundation  during  flood  seasons.  It  is  readily  understood, 
therefore,  that  plans  for  diverting  this  stream  had  to  be  carried  to  com- 
pletion before  the  work  on  the  main  channel  could  be  prosecuted  suc- 
cessfully. This  work  came  under  the  head  of  the  River  Diversion 
Channel.  About  13  miles  of  new  channel  had  to  be  excavated.  The 
width  of  cross-section  adopted  was  200  feet.  Levees  had  to  be  con- 
structed from  the  high  ground   below  Riverside  throuoh   to   Romeo,  a 
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distance  of  about  19  miles.  A  small  portion  of  this  levee  still 
remains  unfinished,  but  this  season  will  see  a  decree  of  complete  divorce 
between  the  waters  of  the  Desplaines  and  the  Main  Drainage  Channel 
in  the  shape  of  permanent  barriers.  At  the  head  of  this  diversion  it 
was  necessary  to  provide  a  safety  valve  in  the  shape  of  a  spillway  to 
allow  surplus  water  to  flow  toward  Chicago,  because  arrangements  have 
not  been  perfected  for  carrying  the  entire  flood  waters  of  the  Desplaines 
through  Joliet.  This  spillway  is  a  concrete  dam  capped  with  cut  stone, 
and  its  wings  are  faced  with  stone  masonry.  It  is  397  feet  long,  and 
its  crest  is  16.25  feet  above  Chicago  Datum.  No  water  flows  over  this 
dam  until  the  volume  passing  the  Avater  gauge  above  it  exceeds  300,000 
cubic  feet  per  minute.  The  benefit,  to  Chicago,  of  this  defense  against 
Desplaines  floods  is  incalculable.  The  entire  cost  of  the  River  Diver- 
sion Improvement  will  closely  approximate  $1,000,000. 

The  bridging  on  this  work  presents  no  serious  problems  on  the  rock 
sections.  On  these  we  shall  use  the  ordinary  draw  bridge  with  unequal 
arms,  the  shorter  one  counter-weighted  ;  the  pivot-pier  to  be  on  one 
side  of  the  channel,  which  will  thus  be  left  free  and  unobstructed.  On 
the  earth  sections  the  pivot  piei's  must  be  placed  in  mid-channel,  and, 
inasmuch  as  the  clear  water-way  on  each  side  will  probably  be  110  feet, 
it  will  be  seen  that  where  the  angle  of  crossing  is  necessarily  acute,  as 
in  the  case  of  one  or  two  of  the  railroads,  a  very  long  bridge  will  be 
involved.  One  such  bridge,  which  we  have  under  advisement,  will  be 
480  feet  over  all.  A  six-track  bridge  will  be  required  where  we  cross 
the  tracks  of  the  Panhandle,  Stock  Yards,  and  Northern  Pacific  Rail- 
roads. For  this  situation  I  am  hopeful  that  a  leaf  or  folding  bridge 
can  be  successfully  designed  and  used.  We  are  now  wrestling  with 
several  railroad  problems  of  great  importance  to  us  aud  to  the  other 
parties  in  interest,  but  the  discussion  of  these  at  this  time  would  be 
premature. 

The  tabulated  statements  accompanying  the  report  of  the  Superin- 
tendent of  Construction,  Mr.  U.  W.  Weston,  for  the  month  of  June, 
are  both  interesting  aud  instructive,  as  showing  the  progress  made 
throughout  the  work. 

Progress  is  rated  upon  a  money  basis.  The  estimated  cost  of  each 
section  is  divided  by  the  number  of  months  allotted  for  its  performance. 
Rating  by  yardage,  that  is,  dividing  the  total  yardage  by  months  allotted 
for  doing  the  work,  would  be  giving  equal  periods  for  moving  equal 
volumes  of  the  cheap  tractable  and  the  costly  intractable  materials, 
whereas  the  money  rating  makes  the  more  rapid  movement  of  the  trac- 
table materials  imperative. 

A  condensed  statement,  showing  the  magnitude  of  the  work,  will 
not  be  out  of  })lace  here. 
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Maix  Channel. 

Glacial  Drift 26,421,180  cubic  yards. 

Solid  Rock 11,775,404      " 

Retaining  Walls   .......       304,734      " 

River  Diversion. 

Glacial  Drift 1,658,384  cubic  yards. 

Solid  Rock 260,561      "     "  " 

Main  Channel  and  River  Diversion  Combined. 

Glacial  Drift 28,079,570  cubic  yards. 

Solid  Rock 12,035,965      " 

Total  Excavation 40,115,535      "         " 

Total  Cost,  as  Per  Revised  Estimates. 

Construction  Account $20,377,048  40 

Right  of  Way 2,603,227  92 


$22,980,276  32 

This  estimate  is  entirely  exclusive  of  engiueering  and  other  adminis- 
trative expenses. 

With  this  introduction  I  will  leave  the  field  clear  to  my  co-workers 
who  will  from  time  to  time  present  this  Society  with  papers  relating  to 
the  work  under  their  control,  giving  descriptions  in  detail  of  the  several 
mechanical  devices  used,  with  statements  showing  their  efficiency,  as 
proven  by  the  work  accomplished.  We  may  also  expect  contributions 
to  the  stock  of  knowledge  relating  to  the  flow  of  water  in  open  channels 
over  dams,  etc.,  deduced  from  observations  and  flood  measurements 
extending  over  long  periods  and  made  under  varying  conditions  by  our 
hydraulic  engineers. 

My  prologue  ends  here.  Should  it  be  my  privilege  to  carry  this 
great  work  to  completion,  I  shall  feel  a  pardonable  jjride  then  in  asking 
you  to  listen  to  the  epilogue. 
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THE  USE  OF  STEEL  IX  LARGE  BUILDIXGS. 


By  Corydon  T.  Purdy,   Member  of  the  Western  Society  of  Engineers 
AND  of  the  American  Society  of  Civil  Engineers. 


[Read  before  the  Boston  Society  of  Civil  Engineers,  January  23,  1895.*] 

The  use  of  steel  in  the  coustructiou  of  large  buildings  has  opened 
a  new  and  extensive  field  for  the  work  of  engineers,  but  its  value  to  the 
profession  is  only  gradually  being  realized. 

Such  buildings,  as  a  whole,  have  attracted  attention  more  than  has 
the  use  of  the  steel  in  their  construction.  The  one  can  be  criticised 
more  easily  than  the  other.  When  a  building  is  finislred  it  stands 
exposed  to  public  view,  with  all  its  advantages  and  its  faults,  while  the 
steel  used  in  its  construction  is  covered  up  quickly  and  is  as  quickly 
forgotten  by  the  majority  of  men.  It  may  be  good  or  bad,  no  one 
knows  the  difference;  and  so,  some  of  the  most  wonderful  things  about 
great  buildings,  their  frames,  the  great  power  plants  that  throb  day  and 
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night  somewhere  beneath  them,  and  much  of  their  hidden  mechanism, 
is  comparatively  unknown. 

It  would  be  very  difficult  to  determine  exactly  when  and  how  iron 
was  first  used  in  the  construction  of  buildings.  Cast-iron  columns  and 
lintels  have  been  in  use,  of  course,  for  many  years,  but  the  substitution 
of  wrought  iron  and  steel  and  the  introduction  of  the  present  methods 
of  their  use  are  comparatively  recent.  Indeed,  there  are  few  things 
even  in  this  progressive  age  of  ours,  which  have  developed  and  improved 
as  rapidly  as  the  use  of  structural  metals.  This  is  true  in  its  applica- 
tion to  bridges  and  buildings,  and  to  all  other  forms  of  construction. 
Some  of.  the  most  common  adaptations  and  combinations  of  rolled  iron 
were  not  thought  of  forty  or  fifty  years  ago,  as  can  be  clearly  shown  by 
the  comparison  of  present  types  with  almost  any  old  ones  that  can  be 
found.  There  is  an  excellent  illustration  of  this  in  some  iron  girders 
(Fig.  1)  which  were  removed  from  Sedgwick  Hall  at  Lenox,  Mass.,  a 
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few  years  ago.  They  were  each  made  of  three  plates,  atop  aud  a  bottom 
one,  both  horizontal,  with  a  vertical  corrugated  web  plate  between,  the 
corrugations  running  up  and  down.  The  three  pieces  were  fastened 
together  with  vertical  bolts  extending  through  the  toji  and  bottom 
plates,  about  20  inches  apart,  and  alternating,  one  on  this  side  and  the 
next  on  the  other  side  of  the  vertical  plate,  the  transmission  of  strains 
from  the  web  to  the  flange  depending  entirely  upon  friction.  These 
beams  were  probably  placed  in  position  about  1840,  and  some  of  them 
still  remain  in  the  building.  Tlie  designer  evidently  understood  that 
more  metal  was  required  at  the  top  and  bottom  of  the  beam  than  in  the 
center,  but  did  not  understand  the  relation  of  shear  and  bending 
stresses  and  the  necessity  of  a  proper  connection  between  the  web  and 
the  flanges. 

The  first  fron  beams  made  in  this  country  were  rolled  at  Trenton, 
N.  J.,  in  1853,  and  the  first  steel  beams  produced  in  this  country  were 
manufactured  by  Carnegie,  as  late  as  1885. 

The  modern  building  constructed  with  a  steel  skeleton  frame  is 
quite  a  different  thing  from  the  building  of  twenty  or  even  ten  years 
ago.  In  the  old  buildings,  beams  and  columns  were  an  adjunct  to  the 
masonry  work ;  in  the  new  ones  the  relation  is  reversed.  The  masonry 
walls  are  not  needed  for  their  strength.  In  the  very  modern  buildiugs 
they  are  cut  into  small  parts  and  carried  on  the  steel  frame.  Their 
exterior  appearance  is,  therefore,  entirely  deceptive.  In  the  old  build- 
ings, iron,  when  used  at  all,  was  used  in  disjointed  and  disconnected 
pieces,  the  various  parts  having  little  relation  to,  or  dependence  on, 
each  other  ;  while  in  the  new  buildings,  the  steel  frame  is  a  unit — a  com- 
plete whole — the  members  of  which  are  closely  related  to  each  other 
and  dependent  ou  each  other.  In  the  old  buildings  the  structural  metal 
was  comparatively  an  unimportant  item,  while  now  it  is  the  most 
important  one.  The  words  "  old  "  and  "  new  "  are  used  here  as  refer- 
ring to  the  two  types  of  construction — the  one  dependent  entirely  upon 
its  masonry  for  support,  and  the  other  dependent  entirely  upon  the  iron 
for  support — rather  than  to  time  ;  for  it  must  be  borne  in  mind  that 
both  types  of  construction,  as  well  as  every  possible  combination  of  the 
diflferent  features  of  the  two  types,  are  now  being  employed  everywhere 
in  this  country.  Indeed,  now  that  the  value  of  the  steel  frame  is 
becoming  established,  it  seems  as  if  every  possible  eccentricity  and 
absurdity  is  pushing  itself  forward  for  recognition. 

The  most  important  difference,  however,  between  old  and  new 
buildings,  is  in  the  construction  of  exterior  walls,  which,  in  the  typical 
building,  are  entirely  supported  from  floor  to  floor  on  the  steel  frame. 
This,  however,  gives  rise  to  two  other  marked  difl^erences.  As  the  walls 
in  the  new  buildings  are  supported  at  every  floor,  the  window  areas  may 
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be  made  very  much  greater,  and,  as  the  walls  carry  no  load,  they  may 
be  made  thinner — 16  inches  being  ample  in  the  West.  This  increased 
window  area  is  very  important  in  smoky  cities,  and  the  floor  area  gained 
by  the  thinness  of  the  walls  is  important  wherever  great  buildings  are 
called  for. 

The  complete  support  of  floors  upon  columns  makes  it  possible  to 
omit  heavy  interior  walls  and  to  put  partitions  anywhere  in  the  new 
buildings  or  to  omit  them  entirely  or  to  put  them  in  and  take  them  out 
at  any  time  without  really  injuring  the  building.  Still  another  differ- 
ence relates  to  the  foundations.  As  walls  tend  to  diff'use  loads  and 
columns  tend  to  concentrate  them,  the  use  of  the  latter  in  the  new  build- 
ings renders  the  foundation  problem  more  definite  and  thus,  to  some 
extent,  more  simple. 

This  reversal  of  building  methods,  this  change  about  in  the  function 
and  use  of  masonry  walls,  and  the  introduction  of  such  new  conditions 
in  large  buildings  is  a  real  revolution,  the  extent  of  which  can  hardly 
be  realized. 

It  has  gone  on  in  the  East  and  in  the  West  simultaneously,  but  not 
in  the  same  way.  In  both  places  it  has  been  a  process  of  evolution,  but 
industrial  interests,  the  building  laws,  and  the  greater  conservatism  of 
the  East  have  tended  to  retard  it  here,  while  in  the  West  industrial 
interests  have  stimulated  it  more  than  they  have  retarded  it,  and  the 
remarkable  enterprise  of  Chicago  has  made  such  great  demands  upon 
both  architects  and  engineers  that  they  have  been  forced  to  be  progres- 
sive. The  result  is  that  the  constructive  side  of  the  problem  has  reached 
its  most  perfect  development  in  Chicago  practice.  This  is  generally 
true  in  spite  of  some  most  excellent  work  in  the  East  and  some  very 
poor  work  in  Chicago.  The  rapidity  and  history  of  its  development 
can  be  very  readily  traced  in  that  City.  A  new  idea  is  tried  to  a  limited 
extent  in  one  building,  a  bolder  application  of  it  is  attempted  in  the 
next ;  another  idea,  originating  in  another  office,  is  worked  out  in  the 
same  way.  Thus  the  evolution  proceeds  and  honors  are  extremely  hard 
to  divide. 

Mr.  Jenney,  Mr.  Burnham  and  Messrs.  Holabird  &  Roche,  of  Chi- 
cago, have  taken  the  most  important  part  in  this  movement.  Chicago's 
pride  is  its  Auditorium,  designed  by  Messrs.  Adler  &  Sullivan;  and 
other  notable  work  has  been  done  there  by  other  architects,  but  these 
have  led  the  way  in  the  use  of  steel.  It  is  easy  to  use  a  method  that 
some  one  else  has  demonstrated  to  be  practicable — a  good  deal  easier 
than  to  attempt  an  innovation,  at  another  man's  expense,  amidst  adverse 
criticism,  and  with  one's  own  future  in  the  balance,  even  if  one  feels 
very  sure  he  is  right.  It  is  because  these  men  have  done  so  much  with- 
out precedent,  in  just  this  way,  that  it  seems  as  if  their  names  ought  to 
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be  permanently  linked  with  the  introduction  of  the  use  of  steel  in 
buildings. 

Th3  differences  between  the  eastern  and  western  phases  of  this 
forward  movement  has  not  been  due  to  a  difference  in  men,  however. 
It  has  been  due  rather  to  a  difference  in  conditions,  circumstances  and 
opportunities,  and,  while  the  pioneer  work  has  been  done  chiefly  in  the 
West,  some  of  the  heaviest  work  has  been  done  in  the  East.  Mr.  Post, 
of  New  York  City,  whom  Mr.  Burnham  called  the  father  of  big  build- 
ings, was  educated  as  an  engineer,  and  he  is,  in  many  ways,  as  closely 
identified  with  the  introduction  of  steel  as  are  these  Western  men.  The 
East  has  also  the  greater  wealth,  and  it  is  continually  making  greater 
demands  on  architects  and  engineers.  Without  question,  the  greatest 
engineering  problems  in  the  construction  of  buildings — possibly  the 
greatest  in  the  history  of  the  world — will  arise  in  these  closing  years  of 
the  nineteenth  century,  and  in  the  eastern  cities  of  these  United  States. 
Western  architects  are  recognizing  this  fact,  and  they  will  invade  the 
East  with  their  work,  even  as  Eastern  men  have  continually  found 
clients  in  the  West. 

The  change  to  steel  construction  is  forced.  The  classical  student 
has  no  liking  for  it.  Stone  and  heavy  masonry  have  always  been  what 
they  seemed  to  be,  and  honesty  is  one  of  the  first  principles  of  art.  The 
use  of  steel,  therefore,  forces  brick  and  stone  to  violate  this  fundamental 
ideal  of  architecture.  One  of  our  oldest  New  York  architects  recently 
said,  "  We  don't  like  it ;  we  don't  like  it,  but  we've  got  to  use  it."  Com- 
mercial interests  tend  to  overbalance  all  other  considerations.  East  as 
well  as  West. 

The  need  for  an  engineer  comes  in  at  this  point.  The  demand  for 
steel  has  grown  out  of  its  many  advantages — the  economy  of  floor  area, 
the  greater  height  to  which  buildings  may  be  carried,  the  increased 
lighting  capacity,  the  larger  liberty  in  the  arrangement  of  rooms  and 
like  considerations ;  but  the  ability  to  use  it  well  depends  upon  other 
things, — upon  its  safety  and  its  durability,  upon  a  technical  knowledge 
of  strains  and  of  the  strength  of  materials — and  these  are  engineering- 
problems.  The  first  question  in  the  construction  of  a  building  is  one  of 
utility  ;  then  comes  that  of  safety  and  economy ;  and  with  this  begin- 
ning the  building  problem  both  divides  and  multiplies  itself  rapidly. 
Every  architect  who  has  designed  a  large  building  knows  how  true  this 
is.  Most  of  the  questions  do  not  affect  the  construction  at  all,  and  the 
architect  can  deal  with  them  without  the  aid  of  an  engineer.  Others 
affect  the  work  of  construction,  and  yet  must  be  finally  decided  by  the 
architect.  The  questions,  however,  involving  a  technical  knowledge  of 
the  strength  of  materials,  shop  practice  and  metallurgy,  are  purely  of 
an  engineering  nature,  and,  so  far  as  the  architect  concerns  himself  with 
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them,  he  is  acting  as  an  engineer.  In  older  days,  and  in  the  design  of 
smaller  buildings,  the  questions  concerning  their  strength  were  deter- 
mined chiefly  by  experience  and  precedent  and  less  by  scientific  con- 
siderations, and  it  is  only  with  the  advent  of  steel  that  the  engineer 
has  become  a  necessity.  But,  while  these  questions  of  strength  and 
endurance  are  in  general  purely  technical,  and  are  entirely  independent 
of  all  the  other  problems  in  the  building,  the  final  result  is  so  closely 
identified  with  its  architecture  and  its  utility  that  the  engineer  cannot 
possibly  succeed  in  producing  a  satisfactory  design  unless  every  feature 
of  his  work  is  made  acceptable  to  all  these  other  considerations.  Indeed 
his  success  in  this  line  of  work,  and  his  ability  to  lighten  the  labors  of 
the  architect,  depend  quite  as  largely  upon  his  ability  to  appreciate  what 
is  required  in  the  building  in  every  way,  and  to  anticipate  the  wants  of 
the  architect  with  whom  he  works,  as  upon  his  technical  knowledge  as 
an  engineer.  He  must  really  be  both  an  architect  and  an  engineer  ;  an 
architect  at  least  so  far  as  construction  and  commercial  considerations 
are  concerned. 

The  purely  technical  questions  involved  are  practically  the  same 
in  all  buildings,  and  first  among  them  is  the  question  of  strength,  the 
strength  of  beams,  the  strength  of  columns,  and  the  lateral  strength  of 
the  building. 

The  strength  of  beams  is  well  understood,  and  the  formulae  which 
apply  are  mostly  simple  and  easily  handled  ;  though  many  of  the  calcu- 
lations are  rendered  tedious  by  a  complicated  distribution  and  arrange- 
ment of  loads.  Error  is  most  likely  to  occur  in  the  fixing  of  the  point 
of  maximum  moment  and  in  the  application  of  principles  or  formulae, 
especially  in  beams  where  the  points  of  reaction  are  not  well  determined 
or  where  the  length  of  the  beams  is  to  be  so  fixed  to  obtain  given 
reactions  or  certain  moments  of  resistance,  as  very  often  occurs  in 
foundation  work.  It  often  happens  that  the  points  of  maximum  moment 
must  be  calculated,  and  it  is  quite  possible  that  the  maximum  moment, 
or  one  almost  equal  to  the  maximum,  may  occur  at  two  or  more  sections 
of  a  given  beam.  The  loads  which  beams  must  carry  are  fixed  by  law 
in  most  cities,  but  the  architect  and  the  engineer  cannot  depend  upon 
legal  requirements.  Beams  should,  of  course,  first  of  all,  carry  the 
dead  load,  that  is,  their  own  weight  and  the  weight  of  other  material 
actually  resting  upon  them.  Then,  if  the  beam  is  in  the  floor,  or  is  in 
any  wise  subject  to  the  effect  of  a  movable  load,  an  appropriate  allow- 
ance should  be  made  for  that.  The  floors  of  a  warehouse  recently 
designed  in  Chicago  were  made  strong  enough  to  carry  64:0  pounds  per 
square  foot  of  the  tributary  floor,  and  this  was  not  too  great.  In  this 
respect,  however,  building  laws  are  sometimes  needlessly  burdensome. 
Both  New  York  and  Boston  require  100  pounds  on  office  floors,  whereas 
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60  or  70  is  quite  sufficient,  provided  there  are  proper  restriction^  in 
regard  to  safes.  The  use  of  16,000  pounds  per  square  inch  as  the  work- 
ing stress  of  the  outermost  fibre  is  almost  universal,  but  this  must  occa- 
sionally be  reduced  to  prevent  too  great  deflection. 

The  column  question  presents  an  entirely  different  problem.  Here 
there  is  no  uniformity  of  practice  and  no  uniformity  in  legal  require- 
ments ;  indeed,  the  laws  relating  to  the  subject  are  more  antiquated 
than  the  practice.  Column  formulae  are  not  simple,  and  their  real 
values  are  in  question.  They  are  all  founded  on  an  exact  condition  of 
concentric  loading,  whereas  that  condition  rarely  exists  in  building 
work  and  the  departure  from  it  is  often  so  great  that  a  blind  use  of  any 
formula  would  be  dangerous.  The  results  obtained  under  these  circum- 
stances are  always  unsatisftictory.  The  formulae  are  also  cumbersome, 
involving  much  tedious  labor,  and,  in  these  days  when  work  must  often- 
times be  done  rapidly  and  at  small  cost,  the  loss  of  time  and  extra 
expense  involved  on  this  account  is  considerable.  If  a  man  has  a 
hundred  columns  to  dimension,  ten  minutes  on  each  would  aggregate 
two  good  days  of  labor,  and  many  buildings  contain  five  hundred  or  a 
thousand.  We  must  provide  for  eccentricity  of  loading,  and  the 
formuhe  in  use  are  not  readily  adjusted  to  any  such  complication  of  the 
problem. 

Prof.  Johnson,  of  Washington  University,  in  a  recent  number  of 
Engineering  News,  deplores  the  many  attempts  made  during  the  last  few 
years  to  disprove  the  ordinarily  accepted  principles  of  mechanics,  as 
applied  to  the  strength  of  beams  and  columns.  In  his  exact  statement 
he  is  certainly  right,  but,  so  far  as  the  formuke  in  use  for  the  calcula- 
tions of  columns  fail  to  express  such  accepted  and  well  proved  princi- 
ples of  mechanics,  or  so  far  as  such  formuke  represent  conditions  which 
we  no  not  deal  with  in  practice,  we  certainly  have  a  right  to  question 
their  real  usefulness. 

We  want  a  simple  column  formula  which  will  apply  under  all 
conditions  of  loading,  which  can  be  used  rapidly,  and  which  will  give 
satisfactory  results.  When  the  moment  of  resistance  of  a  beam  under 
a  definite  condition  of  loading  indicates  that  the  outermost  fibre  is  not 
strained  more  than  16,003  pounds  per  square  inch  of  section,  we  know 
definitely  and  exactly  what  factor  of  safety  exists  in  the  beam.  We 
want  just  such  definite  knowledge  as  this  about  columns.  Prof.  Mans- 
field Merriman's  recent  paper  on  the  "  Rational  Design  of  Columns  " 
points  directly  toward  this  end.  He  states:  "  When  the  true  theoretical 
column  formula  is  established,  it  will  be  unnecessary  to  state  it  in  a 
specification,  but,  as  is  now  done  for  beams,  a  simple  requirement  like 
the  following  will  be  alone  needed :  '  The  maximum  unit-stress  on  the 
columns  shall  not  exceed,  for  wrought  iron,  8,000  pounds  per  square 
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inch,  under  the  action  of  live  loads,  and  16,000  pounds  per  square  inch 
under  dead  loads.'  "  This  is  a  perfectly  rational  statement.  What  we 
want  always  to  be  sure  of  is,  that  our  columns  have  a  given  factor  of 
safety ;  or,  in  other  words,  that  the  maximum  fibre  strain  is  not  greater 
than  one-third  or  one-half,  as  the  case  may  be,  of  the  elastic  limit  of  the 
material.  But  this  column  formula  will  not  be  valuable,  even  if  it  gives 
us  this  maximum  fibre  stress,  unless  it  is  so  comprehensive  that  it  will 
cover  all  conditions  of  loading,  and  all  conditions  and  sections  of 
columns,  and  unless  it  is  so  certain  in  its  results  that  we  can  place  our 
entire  dependence  upon  it.  Prof.  Merriman  has  taken  a  long  step  in 
this  direction,  and  his  paper  is  well  worth  careful  study. 

Three  factors  enter,  or  should  enter,  into  a  perfect  column,  for- 
mula, viz :  the  direct  concentric  load,  the  influence  of  flexure  and  the 
effect  of  eccentricity  of  loading  or  of  horizontal  loads.  Prof.  Johnson 
brings  out  these  three  factors  in  the  discussion  of  columns  in  Chapter 
IX  of  his  new  book  entitled  "Modern  Framed  Structures,"  though  the 
third  element  is  omitted  in  the  formula  which  he  finally  derives.  The 
second  element,  that  is  the  influence  of  flexure,  is  not  nearly  so  impor- 
tant in  its  requirements,  as  the  effect  of  eccentricity  of  loading,  and 
might,  possibly,  be  omitted  from  this  formula,  which  we  want  for  ^^rac- 
tical  use  in  designing  columns  for  buildings.  Certainly  the  error  would 
be  slight  within  proper  limitations.  Prof.  Merriman  covers  the  same 
ground  in  the  paper  referred  to.  He  states  that  "  when  a  rational  for- 
mula is  established,  for  a  long  column  it  will  reduce  to  Euler's  expres- 
sion and  for  a  short  prism  it  will  reduce  to  the  simple  expression  for 
pure  compression."  Later  he  shows  in  his  table  that  the  maximum 
fibre-stress  under  concentric  loading,  in  columns  of  the  dimensions  in 
oixlinary  use  in  building  work,  does  not  exceed  by  more  than  2  to  5  per 
cent,  the  total  load  divided  by  the  section  of  the  column  in  square  inches. 
If  this  result  be  true,  and  it  has  not  been  questioned,  we  shall  be  safe, 
until  we  can  do  better,  in  treating  ordinary  columns  in  building  work 
as  being  in  direct  compression,  only  adding  always  sufficient  metal  to 
provide  for  the  eccentricity  of  the  load. 

This  method  is  given  in  detail  in  the  Chap.  XXVIII.  of  Prof.  John- 
son's work,  and  is,  in  effect,  as  follows : 

First :  Find  the  section  required  for  the  total  hiad,  both  eccentric  and  concen- 
tric, when  treated  as  a  concentric  load. 

Second :  Find  half  the   width  of  the  column,  and  the  radius  of  gyration  of 
the  section  in  the  plane  of  the  eccentric  loading. 
Third  :  From  tlie  equation 

the  bending  moment  X  half  the  width  of  the  column 
tlie  allowed  unit-stress  X  the  radius  of  gyration  squared 
we  find   the  area  of  section  to  resist  the  bending  moment  arising  from  whatever 
cause. 


THE  USE  OF  STEEL  IN  LARGE  BUILDINGS.  189 

Fourth  :  If  this  second  area  can  be  added  to  the  first  assumed  area  of  section, 
without  materially  changing  the  radins  of  gyration  and  half  the  width  of  column, 
it  may  be  done,  thus  obtaining  the  total  area  of  section  without  a  new  solution. 

Fifth  :  If  the  radius  of  gyration  and  half  the  width  of  the  column  must  be 
changed  in  order  to  provide  sufficient  area  of  section,  or  if  it  seems  advisable  to 
change  them  for  economy,  then  a  new  assumed  section  is  taken  and  the  radius  of 
gyration  and  half  the  width  of  the  column  found  for  it,  and  the  solution  proceeds  as 
before. 

The  formula  that  we  want,  must  be  something  better  than  this, 
however,  for  this  involves  the  use  of  the  radius  of  gyration  of  the  column 
and  cannot  be  used  rapidly  without  a  very  complete  table  of  sections 
with  their  moments  of  inertia  and  radii  of  gyration.  Even  then,  its 
operations  require  too  much  time. 

But  the  strength  of  columns  does  not  depend  entirely  upon  what 
might  be  called  the  formula  considerations.  The  shape  of  the  section, 
the  number  of  pieces  which  must  be  riveted  together  to  form  it  if  made 
of  rolled  material,  the  amount  of  riveting  required  and  its  position,  and 
especially  the  manner  in  which  the  different  pieces  are  connected  when 
they  are  not  riveted  directly  to  each  other,  are  all  very  important  ele- 
ments bearing  upon  the  strength  of  columns.  Suppose,  for  example, 
that  we  have  several  columns  of  the  same  length,  of  the  same  sectional 
area,  of  the  same  material,  and  of  the  same  radius  of  gyration,  but  dif- 
fering in  design.  Thus,  one  might  be  a  Gray  column,  another  a  Phoenix 
column,  a  third  might  be  made  of  plates  and  angles.  It  is  possible  that 
all  of  these  conditions  might  practically  be  fulfilled.  According  to  all 
standard  column  formula  they  would  be  equally  strong  under  a  con- 
centric load ;  whereas,  in  fact,  even  this  is  questionable  while  their  resis- 
tances to  an  eccentric  load  are  certain  to  be  very  unequal.  Under  direct 
bending,  one  half  of  the  Gray  column  is  practically  neutral,  and  the 
two  parts  of  the  other  half  are  not  directly  connected,  while  the  column 
made  of  plates  and  angles  is  as  well  designed  to  resist  bending  as  a  box 
girder.  This  illustration  shows  two  extremes.  If  these  columns  are 
not  equal  in  strength  under  concentric  loading,  the  inequality  must  be 
due  to  these  considerations  of  form  and  assembling,  which  are  there- 
fore only  second  in  importance  to  those  of  the  theoretical  formula. 

The  character  of  the  material,  the  workmanship  in  the  shop,  and 
the  detailing  of  the  connections  of  column  to  column  and  of  beams  to 
columns  are  still  a  third  class  of  considerations,  altogether  too  important 
to  be  neglected. 

The  relative  value  of  cast-iron  and  steel  columns  ought  to  have  a 

place  in  this  consideration,  though  other  things  beside  the  question  of 

strength  bear  quite  as  pertinently  on  their  relative  value.     The  days  in 

which  cast-iron  columns  will  be  used  in  the  construction  of  high  build- 
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ings  are  fast  being  numbered.  It  would  hardly  seem  necessary  to  com- 
pare them  with  steel  columns  before  an  audience  of  New  England  men, 
if  we  will  but  recall  the  Peraberton  mill  disaster,  v.ith  its  frightful  loss 
of  life.  If  cast  iron  is  used  at  all,  it  should  be  in  buildings  of  moderate 
size,  with  a  v^ery  large  factor  of  safety,  with  very  careful  designing  and 
with  the  closest  inspection.  It  is  true  that  we  have  some  very  large 
buildings,  both  in  the  East  and  in  the  West,  constructed  with  cast-iron 
columns ;  but  that  is  no  proof  of  their  value  or  advantage. 

Until  within  the  last  three  years  or  so,  the  use  of  such  columns 
had  no  more  able  supporter  than  Mr.  Jenney  of  Chicago.  At  the  last 
annual  meeting  of  the  American  Institute  of  Architects  he  referred  to 
the  finding  of  an  imperfection  in  a  cast-iron  column  which  illustrates 
their  unreliability  so  well  that  it  is  worth  recording  in  detail.  It  is 
shown  in  Fig.  2 .     He  says  : 

"The  pig  iron  used  was  excellent  and  satisfied  all  tests,  and  the 
exterior  workmanship  was  all  that  could  be  desired.  There  was  not  a 
flaw  or  a  blemish  anywhere  visible  until  the  inspector  applied  the  sound 
test,  tapping  gently  over  the  surface  with  a  light  hammer  and  listening 


Fig.  2. 

attentively  for  any  variation  in  sound.  At  one  place  on  the  column  he 
thought  he  noticed  a  change,  extending  along  the  column  some  consider- 
able distance.  Outside  of  this  limited  area  the  ring  was  clear,  within 
it  the  sound  was  less  so.  He  went  over  this  repeatedly,  looking  for  some 
external  indication.  All  that  he  could  find  was  a  little  scratch  which 
seemed  to  have  been  made  by  the  thumb  nail  in  the  sand  of  the  mould, 
and  did  not  in  any  way  suggest  a  defect.  He,  however,  called  for  a  cold 
chisel  and  hammer  and  drove  it  in  where  this  scratch  appeared.  In- 
stantly there  jumped  out  a  cold  shut  about  30  inches  long  and  varying 
from  2  to  4  inches  in  width.  The  thickness  along  the  outer  edge  was 
scarcely  more  than  a  sixteenth  of  an  inch,  and  at  places  even  less  so, 
while  in  the  center  it  was  fully  f  inch.  Both  the  surfaces  of  this  cold 
shut,  that  is  the  under  side  of  the  piece  that  came  out  and  the  surface 
of  the  hollow  remaining,  were  bright  plumbago.  It  afterwards  appeared 
that  the  plumbago,  which  had  been  used  as  a  wash  on  the  mould,  had 
floated  ofi"  in  the  ivou,  and,  by  introducing  this  thin  film  of  plumbago  on 
the  interior  of  the  melted  iron,  prevented  a  junction  and  formed  this  cold 
shut.     Had  this  been  on  the  interior  of  the  column,  which  was  quite  as 
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likely  to  have  occurred  as  on  the  outside,  it  would  never  have  been  de- 
tected.    As  it  was,  it  would  have  escaped  any  ordinary  inspection." 

In  this  case  the  thickness  of  the  metal  was  the  same  entirely  around 
the  column,  but  the  cores  in  the  mould  are  liable  to  be  pushed  out  of 
place  when  the  casting  is  made,  making  the  metal  thick  on  one  side  and 
thin  on  the  other.  Improper  detailing  may  easily  result  in  initial  stresses. 
Flaws  are  as  liable  to  occur  on  the  inside  as  on  the  outside,  where  they 
cannot  be  detected,  and  when  the  column  gives  way,  if  it  gives  way  at 
all,  it  does  so  without  any  warning. 

The  building  laws  in  most  large  cities  state  the  loads  which  columns 
must  be  made  to  carry.  In  all  cases  the  column  must  carry  the  dead 
load  which  is  tributary  to  it  regardless  of  the  requirements  of  the  law. 
In  New  York  City  it  specifies  that  the  columns  must  carry  all  the  live 
load  from  each  and  every  floor  which  the  floor  beams  are  required  to 
carry.  This  is  excessive.  It  is  quite  possible  that  any  given  beam  may 
be  fully  loaded,  but  it  is  so  improbable  that  any  column  would  be  fully 
loaded  that  a  considerable  reduction  might  safely  and  wisely  be  made. 
The  factor  of  safety  for  columns  depends  much  on  the  use  of  the  build- 
ing. In  most  buildings  where  a  proper  allowance  has  been  made  for 
eccentricity  of  loads  and  for  all  other  unusual  conditions,  a  factor  of 
two  under  the  elastic  limit  of  the  material  ought  to  be  ample.  Building 
laws  attempt  to  regulate  this  also,  but  their  provisions  in  regard  to  the 
matter  differ  radically  in  different  cities  and  are  incomplete. 

Next  to  beams  and  columns  the  most  important  problem  relating  to 
the  strength  of  a  building  concerns  its  resistance  to  lateral  movements 
of  any  kind,  whether  they  tend  to  induce  a  permanent  deformation  or 
are  only  oscillations  and  vibrations.  It  is  possible  that  a  building  may 
sustain  more  or  less  of  the  latter  without  suffering  permanent  injury, 
but  they  make  it  unpleasant  for  those  who  occupy  the  building.  It  is 
especially  important  to  guard  against  them  in  buildings  the  height  of 
which  is  very  great  in  proportion  to  the  ground  covered. 

In  any  consideration  of  this  problem  we  must  first  remember  that 
many  elements  enter  into  it.  The  beam  strength  of  a  building  depends 
entirely  upon  the  strength  of  the  beams,  and,  where  there  are  no  sup- 
porting walls,  the  columns  are  also  entirely  unaided  in  their  function  of 
carrying  the  weight  of  the  building;  whereas,  steel  bracing  of  any  kind 
is  assisted  in  its  work,  to  some  extent  at  least,  by  the  weight  and  the 
condition,  one  or  both,  of  all  the  material  actually  entering  into  the 
construction  of  the  building.  This  makes  any  exact  or  scientific  solu- 
tion of  the  question  exceedingly  difficult,  not  particularly  because  of 
the  stresses  involved  in  the  steel  work,  but  because  it  is  so  difficult  to 
determine  the  exact  values  of  all  these  other  factors  which  act  in  resist- 
ance to  lateral  deformation. 
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When  a  floor  is  well  constructed,  with  floor  beams  and  girders  well 
connected  to  each  other  and  to  the  columns,  and  with  the  arches,  the 
concrete  filling,  and  the  finished  floor  all  well  made,  it  should  act  as  a 
rigid  horizontal  plane,  so  rigid  that  a  force  applied  at  any  point  on  its 
perimeter  will  be  felt  over  its  entire  area,  and  will  move  it  without 
deformation,  if  it  moves  at  all.  This  is  an  important  consideration.  If 
floors  are  cut  up  by  openings  for  stairs  or  elevators  so  that  they  are 
materially  weakened,  they  should  be  strengthened  with  lateral  rods  over 
the  tops  or  through  the  webs  of  the  beams,  to  insure  this  rigid  construc- 
tion. In  all  high  buildings  this  end  should  certainly  be  attained.  When 
attained,  there  are  two  general  conditions  of  deformation  and  two  gen- 
eral ways  in  which  lateral  forces  are  resisted,  A  building  may  topple 
over  as  though  it  were  a  solid  block,  or  these  rigid  floors  may  be 
moved  over  each  other  horizontally.  Resistance  to  overturning  depends 
upon  the  weight  of  the  structure  as  a  whole,  and  upon  the  area  of  ground 
covered,  but  the  building  cannot  possibly  overturn  as  a  whole  until  the 
floors  are  so  well  connected  and  braced  against  horizontal  lateral  move- 
ment over  each  other,  that  the  bracing  is  capable  of  lifting  the  weight 
of  the  building. 

This  condition  can  be  attained  in  a  tall,  narrow  steel  building,  but 
is  never  attained  in  an  ordinary  building.  When  we  read  of  a  building 
blown  down,  we  read  of  a  building  that  tumbles  in  and  crushes  down, 
but  does  not  go  over  bodily. 

The  problem,  therefore,  resolves  itself  practically  into  that  of  so 
connecting  and  bracing  the  floors  that  they  shall  be  able  to  resist  this 
horizontal  movement.  The  two  general  means  for  resisting  lateral 
movements  are,  first,  the  gravity  of  the  material  and,  second,  lateral 
bracing.  A  wall  standing  alone  will  resist  considerable  wind  pressure, 
not  because  of  the  tensile  qualities  of  the  masonry  and  the  fact  that  it 
is  braced  at  the  ground,  but  because  of  its  weight,  the  static  condition 
of  which  must  be  disturbed  before  the  wall  will  topple  over.  A  large 
building  may  be  built  on  columns — cast-iron  columns,  if  you  please — 
having  little  or  no  connection  to  each  other,  and  the  building  may  be 
completed  from  the  second  floor  to  its  roof  with  the  first  story  entirely 
open,  with  nothing  except  the  naked  columns  connecting  the  part  above 
with  the  ground  below,  and  it  will  nevertheless  stand  a  very  great  lateral 
pressure.  Such  a  case  actually  occurred  in  Chicago,  a  building  standing 
in  this  condition  for  months.  This  is  possible,  because  there  is  a  moment 
of  resistance  against  toppling  over,  even  when  the  base  of  the  support  is 
as  small  as  the  section  of  a  cast-iron  column. 

This  resisting  moment  becomes  great  if  the  weight  is  great.  All 
the  material  in  the  building  acts,  to  some  extent,  in  this  way,  either 
directly  or  indirectly.     The  exact  resisting  value  of  a  wall  or  a  column 
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in  this  connection  is  a  considerable  problem  of  itself.  Mr.  Waite,  of 
New  York  City,  in  a  recent  paper  before  the  American  Society  of  Civil 
Engineers,  discussed  this,  giving  some  definite  values,  and  his  paper  is 
well  worth  reading. 

The  other  general  means  by  which  a  lateral  movement  may  be 
resisted,  that  is,  by  vertical  bracing,  concerns  the  strength  of  walls 
lengthwise  instead  of  crosswise,  the  stiffness  gained  in  the  same  way 
from  jjartitions  and  the  strength  of  the  steel  construction.  In  typical 
steel  buildings,  where  walls  are  thin,  light  areas  are  large,  and  supports 
are  at  every  floor,  the  lateral  strength  of  the  exterior  walls,  taken  in  this 
way,  is  not  as  great  as  that  of  the  interior  partitions,  but  the  exact 
values  of  either  are  perhaps  even  more  difficult  to  determine  than  their 
static  resistance.  The  treatment  of  these  very  indefinite  problems  has 
heretofore  received  no  rational  or  satisfactory  solution.  Even  their 
approximate  values  are  not  to  any  extent  agreed  upon,  and  until  they 
are  agreed  upon,  we  cannot  know  absolutely  just  what  is  required  in  the 
way  of  steel  bracing  of  great  buidings.  Under  these  conditions  the 
engineer  should  run  no  risk.  If  a  building  is  without  partitions,  if 
exterior  walls  are  thin  and  badly  cut  up,  and  especially  if  the  proportions 
of  the  building  are  unfavorable,  its  lateral  strength  should  be  made 
secure  in  its  steel  frame. 

There  are  three  general  methods  of  steel  bracing;  first,  in  the  treat- 
ment of  two  adjacent  columns  and  connecting  web  members  of  some  sort, 
as  a  vertical  cantilever  truss  fixed  at  the  foundations ;  second,  in  the 
lateral  stiffness  of  columns  extending  through  two  or  more  stories  well 
spliced  together  at  their  joints,  and  alternating  in  the  floors  at  which 
those  joints  occur  ;  and,  third,  in  same  system  of  knee  braces  depending 
also  upon  the  stiffness  and  strength  of  the  connecting  columns  and 
beams  and  upon  the  manner  in  which  they  are  connected.  This  last 
system  is  very  often  resorted  to  of  necessity,  where  only  a  small  bracing 
is  desired,  because  it  can  be  most  easily  employed  without  injury  to  the 
architecture  or  use  of  the  building,  and  in  spite  of  the  fact  that  it  is  the 
most  costly  method  and  the  most  difficult  to  calculate  properly.  It  is 
not  suitable  for  heavy  bracing, — that  is  for  the  resistance  of  a  coyisider- 
able  lateral  force,  because  it  lacks  in  determinate  efficiency  as  compared 
with  the  trussing  arrangement  first  mentioned. 

The  continued  columns  cutting  off  at  alternate  floors  have  a  still 
greater  indeterminate  efficiency.  If  they  are  employed  throughout  the 
building  they  certainly  add  very  greatly  to  the  stiffness  of  the  structure, 
but  it  is  very  difficult  to  determine  their  value  with  exactness. 

A  fourth  element  of  stiffness  in  all  steel  frames  is  the  lateral 
strength  gained  in  the  connection  of  beams  to  beams,  and  more  espe- 
cially in  that  of  beams  to  columns.     The  relative  values  of  the  different 
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methods  employed  in  making  such  connections  are  shown  to  some 
extent  in  Figs.  3,  4,  and  5.  Fig.  3  shows  the  ordinary  connection  of 
beams  to  cast-iron  cohimns.  Fig.  4  shows  one  method  of  connecting 
beams  to  Phoenix  columns.  It  is  copied  from  the  illustrated  catalogue 
of  Phoenix  columns,  published  by  Milliken  Bros.  Fig.  5  shows  the 
connection  of  the  beams  to  the  Phoenix  columns  as  designed  for  the 
Old   Colony  Building  in  Chicago.     Where  dependence  is  placed  upon 


Fig.  3. — Connection  between  Rolled  Beams  and  Cast-Iron  Columns. 


continuous  columns  for  stiffness,  the  character  of  these  latter  connec- 
tions has  much  to  do  with  the  strength  of  this  system.  Whether  the 
columns  are  continuous  or  not,  the  lateral  strength  gained  by  the 
connection  of  the  beams  to  the  columns,  is,  of  course,  in  proportion  to 
the  number  of  rivets  placed  in  such  connections,  and  is  greatly  increased 
by  making  the  connection  through  the  flange  instead  of  through  the 
web. 
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The  trussing  system  is  by  all  odds  the  most  efficient,  and  is  the  one 
which  should  be  resorted  to  in  all  cases  where  great  strength  is  required 
and  defiuiteness  is  desired.  The  position,  in  a  building,  of  a  vertical 
truss  or  of  a  system  of  such  trusses  must  depend  very  largely  upon  the 
architecture  of  the  building  and  upon  its  intended  use.  In  most  build- 
ings it  is  difficult  to  find  room  for  such  trussing,  and  all  sorts  of  devices 
have  occasionally  to  be  resorted  to  in  order  to  accomplish  this  important 
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Fig.  4. — Connection  between  Rolled  Beams  and  Phcenix  Columns. 

end.  The  bracing  ought  to  be  located  symmetrically  with  reference  to 
exposed  areas,  and  it  ought  to  be  so  arranged  that  it  will  surely  receive 
all  lateral  strains  to  which  the  rigid  floors  are  subjected.  In  any  truss 
of  this  kind,  if  we  may  call  it  by  that  name,  the  columns  become  the 
chords,  one  being  in  compression  and  the  other  in  tension.  The  total 
efficiency  of  such  a  truss  is  measured  by  tlie  dead  load  in  the  tension 
column,  that  is,  the  total  load  of  all  the  actual  material  which  it  carries. 
When  the  tension  induced  bv  the  lateral  resistance  of  the  truss  is  greater 
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than  this  dead  load,  the  column  joints  must  be  connected  to  resist 
the  excess  and  the  whole  must  be  anchored  to  the  foundations,  or  the 
columns  will  be  lifted  and  the  building  injured.  Such  connections, 
however,  are  not  practicable,  and  the  conditions  requiring  them  should 
therefore  not  be  allowed  to  obtain.  If  the  lateral  resistance  of  a  truss 
is  not  sufficient  for  the  work  required  without  putting  the  column  in 
tension,  an  additional  line  of  bracina:  should  be  provided. 


d 


Fig.  ■'). — Connection  between  Rolled  Beams  and  Phcenix  Columns, 
AS  designed  for  the  Old  Colony  Building,  Chicago, 

The  web  members  of  such  a  truss  can  be  made  in  a  great  variety 
of  ways,  and  at  this  particular  i)oint  the  engineer  has  a  good  chance  to 
use  his  genius  in  accomplishing  his  purpose  without  really  injuring  the 
building  in  its  architecture  or  in  its  usefulness.  An  intelligent  architect 
will  appreciate  the  need,  but  he  is  not  to  be  blamed  for  insisting  very 
tenaciously  that  Avays  and  means  shall  be  found  for  doing  the  work 
without  interfering  with  the  best  interest  of  the  building  in  other  ways. 
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If  the  space  between  the  columns  chosen  can  be  converted  into  a  solid 
wall,  diagonal  bars,  pin-connected,  witii  horizontal  compression  struts, 
can  be  used.  These  have  an  advantage  in  taking  the  strains  directly, 
and  are  generally  easy  of  erection.  When  the  space  cannot  be  converted 
into  a  solid  wall,  but  can  be  utilized,  with  the  exception  of  passage  ways, 
the  diagonals  may  often  be  made  to  pass  through  two  or  more  stories,  or 
parts  of  stories,  and  accomplish  the  same  result  without  destroying  such 
passage  ways.  Steel  arches,  however,  can  be  made  to  perform  the  func. 
tion  of  a  web  member,  and  still  leave  a  space  open  to  connect  rooms  on 
each  side,  sufficient  for  the  ordinary  purposes  of  one  room.  The  trans- 
mission of  strains  is,  of  course,  indirect,  but  the  arches  can  be  designed 
so  that  all  the  metal  will  be  in  service,  in  whichever  way  it  is  strained, 
whereas,  in  any  scheme  of  diagonal  rods,  a  double  set  must  be  provided 
for  the  same  total  work,  and  only  one  of  these  can  be  in  service  at  a 
time. 

In  a  large  measure  this  compensates  for  the  indirectness  of  the 
strains.  The  arch  is  a  riveted  member  throughout,  and  has  all  its  con- 
nections riveted.  It  is  therefore  subject  to  less  minor  vibrations  than 
pin-connected  bracing,  just  as  a  riveted  viaduct  or  plate  girder  bridge 
is  stiffer  than  a  pin-connected  structure.  In  some  cases  where  buildings 
are  on  a  yielding  foundation,  this  is  a  point  of  considerable  advantage. 

The  difference  in  cost  is  partially  made  up  in  another  way.  Pin- 
connected  members  of  almost  any  form  induce  a  bending  moment  in 
the  columns  to  which  they  attach,  or  require  an  equal  weight  of  addi- 
tional metal  in  their  connections,  while  the  steel  arches  for  portal  bracing 
can  be  so  designed  that  neither  of  these  conditions  shall  exist.  Any 
design  for  a  system  of  bracing  of  this  kind  should  be  detailed  in  such  a 
way  that  there  will  be  no  loose  joints  or  chances  for  the  various  members 
to  work  themselves  loose  in  the  process  of  time.  Yielding  foundations 
are  very  apt  to  induce  initial  strains  in  vertical  bracing  of  any  sort,  and 
especially  in  truss  bracing,  and  any  liability  of  this  sort  should  not  be 
overlooked. 

This  entire  subject  of  steel  wind  bracing  is  illustrated  by  Figs.  6 
to  12  inclusive.  Fig.  6  shows  a  system  of  knee  braces  used  in  the  Lees 
Building,  Chicago.  This  arrangement  of  braces  extends  entirely  across 
the  building,  just  back  of  the  elevators  and  near  the  middle  of  the 
building.  Fig.  7  shows  another  system  of  knee  braces  employed  in  the 
exterior  walls  of  the  Music  Temple,  Chicago.  Fig.  8  shows  bracing  in 
the  shape  of  lattice  girders  in  the  court  walls  of  the  Tract  Society 
Building,  New  York  City.  Fig.  9  shows  an  outline  elevation  of  the 
portal  bracing  in  the  Old  Colony  Building  of  Chicago.  It  shows  two 
lines  of  portals  extending  from  the  foundations  to  the  roof.  There  are 
two  other  and  similar  lines,  the  four  being  symmetrically  arranged  in  the 
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plan  of  the  building.  Fig.  10  shows  one  of  these  portals  with  its  con- 
nections. Fig.  11  is  a  photographic  view  of  a  similar  portal  in  the  D. 
S.  Morgan  Building  in  Buffalo.  Fig.  12  shows  steel  bracing  with  dia- 
gonal bars,  also  in  the  Morgan  Building. 

Very  much  has  been  written  about  the  wind  forces  which  buildings 
should  be  made  to  resist,  and  in  some  respects  there  is  considerable 
diversity  of  opinion  on  the  subject.     It  is  pretty  definitely  determined, 


Fig.  6. — Knee  Bracing,  Lees  Building,  Chicago. 


however,  that  the  force  of  wind  is  usually  greater  at  considerable  heights 
than  near  the  ground,  though  to  even  this  there  are  exceptions.  It  is 
only  a  few  years  since  heavy  plate  glass  windows  were  blown  into  the 
bank  on  the  second  floor  of  the  Home  Insurance  Building  in  Chicago, 
when  lighter  glass  in  the  upper  part  of  the  building  was  entirely  unin- 
jured. It  is  also  pretty  well  determined  that  a  wind  force  of  30  pounds  to 
the  square  foot  is  liable  to  occur,  at  not  very  rare  intervals,  in  any  part 
of  the  country.  It  seems  as  if  we  ought  to  be  assured  of  resistance  to 
30  pounds  of  normal  wind  force  per  square  foot  over  the  entire  side  of  a 
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Fig.  7. — Knee  Bracing  in  Music  Temple,  Chicago. 
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building,  witii  a  considerable  factor  of  safety  to  cover  any  very  unusual 
excess  over  this  figure,  or  auy  defect  in  the  material  and  workmanship 
used  in  the  construction ;  and  for  unusual  heights  that  this  basis  should 
not  be  less  than  40  pounds.  This  requirement  seems  not  excessive  even 
when  we  consider  that  under  ordinary  circumstances  such  a  force  is 
exerted  during  only  very  short  intervals  and  over  small  areas. 

The  building  laws  in  some  cities  have  nothing  to  say  on  this  subject, 
and  in  all  cities  they  are  lacking  in  proper  requirements.  The  extent 
to  which  steel  should  be  strained  in  bracing  depends  somewhat  upon 
the  units  of  wind  pressure  used.  If  only  the  quality  of  the  metal  and 
the  workmanship  are  to  be  considered,  there  seems  to  be  no  reason  why 
20,000  pounds  per  square  inch  in  tension  should  not  be  used.     No  uniform 


Fig.  8. — Lattice-girder  Bracing,  Tract  (Society  Building,  New  York. 


treatment  of  this  subject  is  possible,  for  each  building  presents  a  separate 
problem.  One  of  the  greatest  objections  to  the  use  of  cast  iron  for 
columns  in  high  buildings  is  its  relation  to  this  problem  of  lateral 
bracing.  It  is  next  to  impossible  to  connect  any  efficient  system  of  web 
members  to  such  columns  satisfactorily.  The  very  fact  that  rivets 
cannot  be  used  in  cast  iron  is  a  sufficient  objection  to  that  material. 

The  efficiency  of  any  bracing  depends  largely  upon  its  absolute 
rigidity,  and  that  rigidity  cannot  be  obtained  with  loose  bolts.  The 
ordinary  stiffness  obtained  in  the  splicing  of  steel  columns,  and  in  the 
riveted  connections  of  beams  to  steel  columns,  is  lacking  when  cast-iron 
columns  are  used,  not  only  because  the  bolts  are  not  as  tight  as  the 
rivets;  but  because  there  are  not  so  many  of  them,  and  because  in  the 
connection   of  the  beams  to  the  columns,  the  connection   is   near  the 
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neutral  axis  of  the  beam  instead  of  through  its  flanges.  This  is  the 
greatest  of  all  the  objections  to  cast  iron. 

If  engineers  could  agree  upon  the  general  principles  governing  the 
consideration  of  the  subject,  and  especially  if  they  could  agree  upon 
some  way  in  which  the  resistance  of  other  building  materials  to  lateral 
strains  could  be  determined,  it  would  be  a  long  step  in  advance  of  the 
present  condition  of  affairs. 

The  protection  of  structural  iron  in  buildings  from  corrosion  is 
another  great  problem,  and  it  ought  to  receive  more  attention  than  has 
hitherto  been  accorded  to  it.     Fortunately,  the  conditions  are  not  so 


Fig.  9.  —  Poktal  Bracing,  Old  Colony  Building,  Chicago. 

difficult  to  overcome  as  those  encountered  in  the  effort  to  preserve  iron 
ships,  and  structural  iron  in  tunnels,  in  sea  water,  or  even  in  ordinary 
bridges.  Salt  water  is  peculiarly  destructive  to  iron  in  any  form,  causing 
corrosion  in  two  ways,  in  the  ordinary  way  where  the  material  is  exposed 
to  both  air  and  water  and  by  galvanic  action  which  it  promotes  wherever 
mill  scale  remains  on  the  surface  of  the  iron,  or  where  different  metals 
are  used  contiguously.  Probably  the  most  difficult  problem  of  all  per- 
taining to  the  preservation  of  iron  and  steel  is  the  protection  of  the  iron 
vessels  used  in  salt  water.  The  salt  air  along  the  coast  is  also  very 
much  worse  in  its  corroding  effects  than  the  drier  fresh  air'of  the  interior. 
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All  irou  work,  however,  whether  near  the  coast  or  in  the  interior,  which 
is  exposed  to  the  weather,  must  be  cared  for  with  a  very  great  care 
indeed,  or,  it  will,  in  a  comparatively  short  time,  become  worthless. 
Acid  fumes  of  all  sorts  promote  corrosion,  and  this  is  especially  true  of 
the  sulphurous  smoke  coming  from   the  combustion  of  soft  coal  ;  and 
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Fio.  10. — Portal  Bracixg,  Old  Colony  Building,  Chicago. 

also  of  the  gases  coming  from  factories  or  found  in  the  ground  under 
all  the  streets  of  our  great  cities. 

None  of  these  extreme  conditions  occur  in  buildings.  In  one  way, 
the  fireproofing  of  the  irou  in  a  building  is  a  disadvantage.  Under 
ordinary  conditions,  it  prevents  inspection,  but  it  is  really  a  great  pro- 
tection, because  to  a  great  extent  it  keeps  out  air  and  moisture.     We 


THE  USE  OF  STEEL  IN  LARGE  BUILDINGS. 


203 


must  understand  and  keep  in  mind  the  exact  conditions  of  the  phenom- 
enon of  rusting,  if  we  are  to  clearly  appreciate  the  character  of  this 
problem.  Mr.  M.  P.  Wood,  an  engineer  in  New  York,  in  a  recent 
paper  on  this  subject,  before  the  American  Society  of  Mechanical  En- 
gineers, quotes  from  an  article  in  the  London  Engineer: 

"  When  rusting  takes  place  under  ordinary  circumstances,  the  first 
stage  appears  to  be  the  formation  of  ferrous  carbonate.  The  carbonate 
is  then  dissolved  in  carbonic  acid  water  to  form  ferrous  ])icarbonate, 
which  latter  is  then  decomposed  in  the  presence  of  air  and  moisture,  to 


Fig.  11. — Portal  Bracing,  D.  S.  Morgan  Building,  Buffalo,  N.  Y. 

form  hydrated  ferric  oxide,  magnetic  oxide  being  found  as  an  inter- 
mediate product." 

The  paper  states  further  "  that  neither  bright  iron  nor  steel  will 
rust  in  pure  water  or  in  pure  air.  The  presence  of  carbonic  acid  or 
some  similar  agent  seems  necessary,  although  the  final  product  may  be 
destitute  of  carbon.  Even  when  oxygen,  moisture  and  carbonic  acid 
are  all  present,  rusting  will  not  take  place  unless  the  moisture  condenses 
on  the  surface  of  the  metal." 

The  force  of  this  fact  has  a  most  j)ractical  illustration  in  the  Baker 
Car  Heater.     This  is  a  hot-water  system,  consisting  of  a  heater,  four  to 


204 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


five  huuilred  feet  of  wrought-iron  pipe  and  an  air-chamber  and  drum 
usually  fastened  to  the  roof  of  the  car.  The  water  used  for  the  circula- 
tion is  saturated  with  salt,  as  much  salt  being  used  as  the  water  will 
carrv  in  solution.   Some  of  these  heaters  were  recently  taken  apart  after 


Fig.  12.— Steei.  Bk.^cing  with  Diagonal  Bars,  D.  S.  Morgan  Building, 

Buffalo,  N.  Y. 

a  service  of  nearly  thirty  years,  and  found  to  be  entirely  free  from  cor- 
rosion. The  secret  of  this  is  in  the  complete  exclusion  of  the  air.  If  an 
iron  column  could  be  enclosed  in  a  dry  shell  of  fireproof  material  where 
the  shell   itself  could  not  gather  dampness,  the  column  would  last  for- 
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ever,  even  if  it  were  not  painted;  and,  just  to  the  extent  that  these 
conditions  are  realized,  the  fireproofing  of  the  iron  work  in  our  large 
buildings  is  its  best  possible  protection. 

Danger  of  deterioration  comes  from  the  following  sources: 

Exposure, 

Initial  corrosion, 

Initial  dampness. 

Permeability  of  fireproofing. 

Imperfect  fireproofing, 

Leakage  from  pipes, 

Noxious  gases,  and 

Electrolysis. 
In  some  buildings,  structural  metal  is  unnecessarily  exposed,  and 
exposure  means  corrosion  unless  the  conditions  are  such  that  dampness 
can  be  excluded.  The  best  interests  of  a  building  call  for  a  complete 
and  perfect  covering  of  all  the  structural  metal.  This  is  done  in  a  great 
variety  of  ways :  Beams  in  floors  are  completely  covered  by  the  ordi- 
nary tile  arches,  using  the  word  "tile"  with  its  Western  and  better 
meaning.  Interior  columns  are  also  covered  with  the  hollow  tile,  while 
exterior  columns  are  ordinarily  covered  with  masonry.  Several  kinds 
of  tile  are  used,  both  in  floors  and  in  partitions,  and  an  indefinite  variety 
of  other  materials  and  combinations  of  other  materials,  used  and  pro- 
posed for  use  in  their  stead.  In  the  selection  of  these  materials,  their 
influence  and  effect  upon  the  life  of  the  steel  work  should  not  be  over- 
looked. 

Initial  corrosion  is  another  point  very  greatly  neglected.  Buildings 
are  erected  in  both  fair  weather  and  foul,  and  care  is  rarely  exercised 
to  prevent  any  rusting  before  the  iron  work  is  enclosed.  Yet  who  has 
not  occasionally  seen  iron  work  in  process  of  erection,  which  was  com- 
pletely encrusted  with  a  layer  of  rust?  A  piece  of  clean  iron  or  steel 
will,  oftentimes,  resist  corrosion  under  very  adverse  circumstances,  but 
when  the  rusting  has  once  commenced,  it  is  almost  impossible  to  stop  it. 
The  ferric  oxide  is  a  great  absorbent  of  both  air  and  moisture.  A  spot 
of  rust  acts  mechanically  in  bringing  together  the  elements  which  are 
necessary  to  the  chemical  action.  If  the  masonry  covering  absorbs 
moisture,  the  danger  to  the  iron  must  be  greatly  increased  by  the  pres- 
ence, on  its  surface,  of  a  body  of  rust.  Even  an  initial  condition  of 
dampness  ought  to  be  avoided,  because  the  iron  might  rust  after  it  was 
covered,  and  then  it  would  be  as  bad  as  if  there  had  been  initial  corro- 
sion. We  occasionally  see  columns  being  covered  in  the  wettest  kind 
of  weather,  and  it  seems  as  if  no  one  could  afford  the  time  to  wait  for 
the  sunshine.  There  is  a  certain  amount  of  initial  dampness  that  cannot 
be  avoided  with  our  ordinary  methods.  So  long  as  the  coverings  must 
21 
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be  constructed  with  wet  mortar,  we  cannot  have  them  perfectly  dry  at 
the  start.  But  the  danger  from  a  damp  wall  often  not  touching  the 
metal,  as  in  the  case  of  the  fireproofing  of  columns,  it  is  not  near  so 
great  as  that  due  to  the  actual  presence  of  a  considerable  body  of  water 
clinging  directly  to  the  metal. 

The  first  duty  certainly  is  to  take  these  simple  precautions,  concern- 
ing which  there  can  be  no  question:  cover  all  the  metal,  prevent  corro- 
sion before  covering,  and  know  that  the  metal  is  dry  when  it  is  covered. 
More  than  half  the  men  who  build  great  buildings  do  so  with  a  view  to 
large  and  immediate  gains,  and  not  to  a  conservative  perpetual  invest- 
ment. The  possibility  of  having  a  structural  wreck  in  the  next  genera- 
tion is  not  of  so  much  importance  as  the  saving  of  a  very  small  margin 
of  first  cost,  which  these  precautions  would  involve. 

The  permeability  of  difierent  kinds  of  masonry,  and  of  other  walls 
used  for  enclosing  structural  iron,  is  very  closely  allied,  in  its  relation  to 
the  durability  of  the  metal,  to  the  initial  dampness  due  to  wet  mortar; 
and  whatever  destructive  effects  can  grow  out  of  the  latter,  can  also  grow 
out  of  the  former  when  the  permeability  is  great  enough  to  permit  a 
complete  saturation. 

The  permeability  of  materials  must  not  be  confounded  with  their 
porosity.  M.  Paul  Alexandre,  a  Frenchman,  and  Chief  Engineer  of 
Fonts  et  Chaussees,  in  discussing  this  subject  at  length,  states  that 
mortars  mixed  with  fine  sand  are  more  porous  than  those  mixed  with 
coarse  sand ;  but  that  mortars  mixed  with  coarse  sand  are  more  per- 
meable than  those  mixed  with  fine.  Lime  mortars  are  generally  more 
porous  than  cement  mortars.  The  permeability  of  lime  moi'tars  is  not 
mentioned,  but  anyone  who  has  lived  under  a  leaky  roof  can  testify  to 
that.  An  increase  in  the  proportion  of  cement  in  cement  mortar 
decreases  the  permeability;  age  also  decreases  it;  and  all  good  Portland 
cement  mortars  become  practically  impermeable  at  the  end  of  a  few 
months. 

Recently  the  fire  insurance  underwriters  have  outlined  a  scheme 
for  a  uniform  and  scientific  rating  of  buildings,  with  reference  to  their 
fire  risks.  In  a  schedule  which  has  been  prepared  for  the  purpose  and 
which  is  largely  used  in  Boston,  New  York  and  other  cities,  with  a 
probability  of  a  still  more  extended  use,  a  premium  is  put  upon  what 
they  consider  safeguards  against  corrosion,  consisting  chiefly  in  the  use 
of  cast  iron,  instead  of  rolled  material,  and  the  use  of  lime  mortar  in 
contact  instead  of  cement,  while  no  penalty  is  provided  for  the  omission 
of  fireproof  coverings  around  columns  under  certain  conditions  in  certain 
buildings  designated  "fireproof"  This  fact  is  referred  to  in  this  con- 
nection, because  it  is  very  noteworthy  that  they  should  make  this 
discrimination,  and  because  the  wisdom  of  the  safeguards  by  which  they 
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propose  to  preserve  the  irou  work  against  corrosion,  is  questionable.  If 
M.  Alexandre's  experiments  and  conclusions  are  correct,  this  schedule 
must  be  wrong  in  the  statement  that  "cement  must  never  be  used  in 
contact  with  irou  or  wood."  Fr.  Von  Emperger,  who  has  observed 
widely  the  practical  working  of  Portland  cement  concrete  and  iron  in 
combination,  in  the  so-called  "Monier  system"  for  bridge  and  viaduct 
construction,  and  who  is  in  this  country  now  as  a  representative  of 
the  Austrian  railways,  states  recently  in  a  paper  before  the  American 
Society  of  Civil  Engineers  that  "  concrete  is  the  best  conservator  of  iron," 
and  more,  that  "it  is  a  better  protection  than  paint;"  and  supports  his 
opinion  by  important  illustrations  in  actual  practice.  If  he  is  not  right 
in  his  conclusion,  pray  tell  us  what  will  become  of  our  far-famed 
Chicago  foundations  ?  Brick  is,  undoubtedly,  a  greater  absorbent  than 
mortars.  The  permeability  of  hollow  tiles  varies,  but  the  possibility  of 
passing  moisture  through  them  must  be  lessened  by  their  hollow  form. 

The  use  of  hollow  tile  around  exterior  columns  between  the  masonry 
and  the  metal,  as  is  done  in  the  best  western  practice,  is  of  unquestion- 
able advantage  in  prolonging  the  life  of  the  columns. 

By  imperfect  fireproofing  is  meant  partial,  and  badly  arranged 
or  badly  constructed,  fireproofing.  Brick  arches  cover  the  webs  of 
beams,  but  do  not  cover  their  lower  flanges  ;  holes  through  the  fire- 
proofing for  the  passage  of  pipes  or  for  any  cause  whatsoever,  make  the 
work  imperfect ;  and  the  omission  of  fireproofing  in  places  to  fix  wooden 
grounds,  or  to  otherwise  connect  interior  finish,  is  exceedingly  bad. 
The  practice  of  placing  centers  of  exterior  columns  so  close  to  the 
building  line  that  only  a  few  inches  of  masonry,  either  brick  or  stone, 
can  be  put  outside  of  them,  is  also  very  unwise.  In  some  respects 
imperfect  fireproofing  is  worse  than  no  fireproofing.  If  the  imperfection 
admits  moisture  and  atmosphere  where  their  work  can  go  on  unseen,  a 
member  may  be  ruined  before  anyone  realizes  that  the  process  of 
destruction  is  going  on. 

Though  the  history  of  steel  construction  of  buildings  is  limited, 
there  are  already  some  good  illustrations  of  the  quick  and  complete  ruin 
that  is  certain  to  result  wherever  air  and  dampness  can  get  into  these 
hidden  places.  Recently,  at  the  annual  meeting  of  the  American 
Institute  of  Architects,  and  later  at  a  regular  meeting  of  the  American 
Society  of  Civil  Engineers,  Mr.  Post,  of  New  York,  referred  to  the  con- 
dition of  some  of  the  beams  taken  out  of  the  old  Times  Building  in 
New  York  City,  after  a  service  of  about  a  quarter  of  a  century.  These 
beams  carried  brick  arches  on  the  lower  flanges,  the  bottoms  of  the 
beams  being  uncovered.  The  corrosion  evidently  began  at  the  bottom, 
but  it  crept  upward  between  the  iron  and  the  masonry  until  the  whole 
body  of  the  beam  was  involved.     The  webs  were  entirely  destroyed  and 
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the  flanges  nearly  so.  The  products  of  the  oxidation  looked  more  like 
hematite  than  iron.  The  room  under  these  beams  was  used  as  a 
kitchen,  and  they  were  exposed  to  the  steam  and  gases  from  a  cooking- 
range.  One  of  the  peculiar  girders  shown  in  Fig.  1,  which  was  taken 
from  Sedgwick's  Hall  at  Lenox,  Mass.,  had  been  exposed  near  a  door 
in  the  basement  where  the  rain  and  snow  could  occasionally  blow  in  and 
lodg£  upon  it.  When  it  was  removed,  not  long  ago,  these  exposed  parts 
were  found  in  this  same  complete  state  of  oxidation;  what  was  originally 
strong  iron  could  be  broken  away  easily  with  the  hand.  Some  very  in- 
teresting pieces  of  both  of  these  badly  oxidized  beams  have  been  pre- 
served by  Mr.  Robert  Maynicke,  of  New  York  City. 

Engineers  cannot  control  all  these  conditions.  The  responsibility 
rests  with  equal,  if  not  with  greater,  weight  upon  the  architects.  Their 
specifications  for  fireproofing  should  be  very  stringent  on  every  point 
where  practical  precautions  can  be  readily  taken,  as  in  this  particular 
of  complete  and  perfect  fireproofing  on  every  part.  They  should  also 
secure  the  isolation  of  all  pipes,  keeping  them  outside  of  the  fireproofing 
of  the  columns.  Even  if  there  is  no  leakage  of  steam  or  water,  or  of 
gases  that  are  worse  than  either,  from  vent  pipes,  the  fireproofing  must 
be  broken  wherever  connections  are  made,  and  that  alone  is  sufficient 
reason  for  keeping  them  removed. 

All  noxious  gases  arising  from  the  sanitation  of  the  building  or 
from  any  other  source,  should  by  no  possibility  be  allowed  to  come  in 
contact  with  the  iron. 

The  effect  of  electrolysis  on  iron  has  come  to  public  notice  so  recently 
that  the  exact  conditions  under  which  it  can  occur  are  but  partially 
understood.  We  do  know  definitely,  however,  that  magnetic  currents 
promote  oxidation.  We  also  know  that  such  currents  are  due  to  induc- 
tion as  well  as  to  primary  circuit.  The  insulation  of  electric  wires  in 
conduits  is  certainly  a  wise  precaution  even  from  this  point  of  view. 

The  relative  resistance  of  cast  irou,  wrought  iron  and  steel  to  cor- 
rosion has  been  given  an  undue  prominence  in  many  discussions  of  this 
subject,  for  the  other  problems  and  conditions  relating  to  their  use,  in  a 
large  measure  control  their  selection.  Steel  is  corroded  more  rapidly 
than  wrought  iron,  and  both  steel  and  wrought  iron  are  corroded  more 
rapidly  than  cast  iron.  The  use  of  steel  and  wrought  iron  in  many 
pieces,  with  the  strength  of  the  whole  dependent  upon  the  rivets  which 
hold  them  together,  is,  in  this  connection,  another  disadvantage,  for  the 
moisture  that  collects  in  the  edges  and  the  corners  is  held  to  do  its  mis- 
chievous work,  while  that  upon  the  more  exposed  and  continuous  sur- 
faces disappears.  Avoiding  the  greater  danger  by  the  use  of  the  least 
tractable  metal,  cast  iron,  is  only  begging  the  problem  and  half  meeting 
the  issue.     Cast  iron  has  its  proper  place  and  its  proper  use,  but  in  very 
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high  buildings  we  must  have  the  lateral  strength  that  conies  from  the 
use  of  hot  rivets,  and  the  stiffness  and  assurance  of  strength  that  come 
from  the  use  of  rolled  material.  Wrought  iron,  also,  is  out  of  the  race, 
for  it  is  practically  out  of  the  market,  and  its  lack  of  strength,  as 
compared  with  steel,  is  more  than  enough  to  make  up  the  difference  iu 
their  resistances  to  corrosion.  And  that  difference  is  less  than  it  is 
sometimes  supposed  to  be.  Cast  iron  is  by  no  means  everlasting.  Mr. 
Wood,  in  his  last  paper  on  this  subject,  states  that  the  greater  resistance 
of  cast  iron  to  corrosion  when  exposed  to  sea  water  or  to  air  charged 
with  sea  vapoi'S  "is  probably  due  to  the  surflice  of  the  cast  iron  being 
covered  with  a  skin  of  silicate  of  protoxide  of  iron  produced  by  the 
molten  metal  fusing  the  sand  in  the  mould,  as  well  as  to  the  film  of  mag- 
netic oxide  of  iron  formed  at  the  same  time  by  oxidation  of  the  hot 
metal."  If  this  is  true,  and  it  would  seem  to  be  a  very  rational  con- 
clusion, it  would  be  especially  true  of  heavy  cast-iron  columns.  The 
collation  of  authentic  testimony  bearing  on  this  question  would  be  interest- 
ing, but  ever  so  much  of  it  will  not  solve  the  main  problem,  that  is,  the 
complete  protection  and  preservation  of  all  the  structural  metal.  The 
underwriters  are  already  discriminating  against  the  general  neglect  to 
satisfixctorily  meet  the  whole  pi'oblem  ;  and  they  propose  to  discriminate 
more  closely  as  the  condition  of  the  iron  buildings  already  erected  shows 
increased  deterioration.  Yet  their  interest  in  it  is  a  bagatelle,  as  com- 
pared with  that  of  the  investor  in  such  buildings,  or  with  the  responsi- 
bility of  the  architects  and  engineers.  The  deterioration  of  the  metal 
can  increase  the  fire  risk  in  only  two  ways :  a  collapse  of  some  part  of 
the  building  might  cause  a  fire,  or  it  might  increase  the  loss  in  a  fire 
started  in  some  other  way.  Some  of  our  large  buildings  have  a  day 
population  of  several  thousands  ;  if  there  is  any  danger  of  a  collapse 
involving  a  fire  hazard,  there  is  an  equal  danger  of  imperiling  the  lives 
of  many  people. 

Again,  even  the  possibility  of  a  collapse  on  account  of  corrosion  is 
extremely  questionable ;  it  is  not  probable,  it  is  hardly  possible  ;  but  the 
loss  of  the  entire  building  is  absolutely  certain  if  the  steel  frame  is  not 
made  good  against  corrosion.  It  will  finally  show  its  own  rottenness, 
and  will  have  to  be  taken  down.  The  insurance  man  charges  for  the 
little  risk  he  carries  and  seeks  to  define  it  as  best  he  can;  while  the 
investor  stakes  his  all,  and  gambles  against  a  dead  certain  loss.  It  is 
hard  to  tell  which  is  most  to  be  criticised,  the  man  who  does  the  gam- 
bling, or  the  architects  and  engineers  who  help  him  to  do  it.  It  seems  as 
if  engineers  and  investors  in  all  departments  of  construction  were  blind 
to  the  future.  Mr.  Wood,  whom  we  have  already  quoted,  says  also, — 
"that  corrosion  will  be  so  strongly  developed  in  the  Frith  of  Forth 
Bridge  before  fifty  years  have  passed,  that  a  drastic  plan  will  have  to  be 


210  ASSOCIATION  OF  ENGINEERING  SOCIETIES, 

adopted  to  prevent  its  destruction,  and  that  because  of  the  mistakes 
and  neglect  to  properly  care  for  it  at  the  beginning,  its  life  through  the 
centuries  will  only  be  had  through  tribulation  and  sorrow."  The  miles 
of  elevated  railroad  in  New  York  are  getting  to  be  long  streets  of  rust. 
AVe  need  somebody  to  blow  a  bugle  blast  so  loud  and  so  strong  that 
legislators  will  hear,  and  that  professional  opinion  will  call  with  unan- 
imity for  special  measures. 

AVithout  question,  all  iron  work  should  have  some  preservative 
treatment  in  the  shop,  if  not  in  the  rolling  mill.  The  mill  scale  is  a 
dangerous  element  and  ought  to  be  removed  from  all  iron  work  which 
it  is  seriously  proposed  to  make  everlasting.  Rust  should  never  be 
allowed  to  gather  on  such  work.  The  best  paint  is  a  good  preventive, 
but  the  ordinary  painting  of  iron  work  in  this  day  is  wretched  beyond 
all  comparison.  The  paints  themselves  are  bad,  the  oils  are  fishy,  the 
paint  is  put  on  over  scale  and  dirt  and  grease,  in  the  rain  as  well  as  in 
the  sunlight,  over  rust  quite  as  willingly  as  on  a  bright  surface,  and 
without  any  particular  care  as  to  its  completeness.  A  recent  examina- 
tion of  two  columns  standing  side  by  side  in  a  New  York  building  and 
painted  by  one  of  our  leading  manufacturers,  is  a  good  illustration  of 
the  general  result.  The  paint  on  one  had,  as  it  were,  dried  up,  and  to  a 
large  extent  disappeared,  as  if  it  had  been  a  coat  of  powder.  The  paint 
on  the  other  was  sticky  and  blistered,  and  could  be  pulled  off  in  long 
patches  like  pieces  of  thin  leather,  and  possibly  the  two  columns  were 
painted  at  the  same  time  and  out  of  the  same  pot. 

The  ideal  paint  must  have  no  ingredients  that  can  deteriorate  iron 
or  steel,  or  in  any  way  promote  their  corrosion.  Such  a  paint  must 
cling  tightly  to  the  metal ;  it  must  dry  quickly  ;  it  must  set  with  a 
surface  hard  and  smooth,  but  tough  enough  to  resist  injury  in  handling 
or  otherwise ;  and  it  must  be  unaffected  by  atmosphere,  water,  or  gas,  or 
by  heat  or  cold.  The  ordinary  paints  in  the  markets,  with  their  multi- 
farious adulterations,  are  of  little  value  to  meet  these  specifications. 
Pure  red  oxide  of  lead,  mixed  with  pure  linseed  oil  and  applied  imme- 
diately, has,  up  to  date,  given  the  best  results,  with  the  possible  excep- 
tion of  the  graphite  paint  manufactured  in  Detroit,  the  true  value  of 
which  is  not  yet  determined.  The  red  lead,  however,  must  be  applied 
immediately  after  mixing,  or  it  will  not  cling  to  the  metal.  Iron  oxide 
paint  promotes  rather  than  prevents  oxidation,  and  should  not  be  used 
on  structural  iron.  Zinc-white  blisters;  lamp-black  is  not  hard.  Mr. 
Wood's  treatment  of  the  subject  of  paints  in  his  recent  article  is  quite 
complete,  and  his  references  to  other  literature  on  the  subject  are 
exceedingly  valuable.  The  graphite  paint  referred  to  is  a  comparatively 
new  product,  manufactured  from  native  ore  obtained  in  the  Lake 
Superior  region.     It  becomes  hard  very  quickly  after  being  applied  ;  a 
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characteristic  which,  the  makers  claim,  is  due  to  the  proportions  of 
alumina  and  silica  contained  in  the  ore.  It  clings  tightly  to  the  metal, 
does  not  blister,  sets  hard,  and  seems  to  be  exceedingly  tough.  The 
manufacturers  have  an  ordinary  grain  bag  saturated  with  this  paint, 
which  has  hung,  full  of  water,  in  their  factory  for  three  years.  During 
this  time  the  water  has  twice  been  frozen  solid,  and  the  bag  itself  is 
apparently  as  pliable  to-day  as  before  the  paint  was  applied.  Canvas 
saturated  with  the  paint  is  also  fireproof  to  ordinary  exposure.  Alto- 
gether, it  is  very  worthy  of  the  careful  investigation  of  engineers  and 
architects.  All  paints  should  be  applied  upon  clean  metal.  Painters 
sometimes  prefer  to  apply  paint  over  rusted  surfaces,  because  they  say 
it  sticks  better.  The  chances  are,  however,  that  paint  applied  in  that 
way  will  not  be  weatherproof,  that  the  oxide  already  found  will  absorb 
both  air  and  moisture,  and  that  the  corrosion  will  go  on  underneath  the 
paint  unobserved.  It  is  claimed  for  the  graphite  paint  that  its  chemical 
characteristics  are  so  antagonistic  to  moisture  in  every  form  that  the 
paint  will  counteract  such  injurious  tendencies;  yet  the  fact  remains 
that  all  paints  should  be  applied  to  clean  surfaces,  which  should  also  be 
dry,  and,  if  possible,  warm.  Wet  surfaces  prevent  the  paint  from 
clinging  to  the  metal  and  cause  blistering.  Where  iron  work  is  exposed 
to  underground  dampness,  as  it  always  is  in  foundation  work,  water- 
proofing courses  of  asphalt  are  of  unquestionable  advantage ;  and  hot 
asphalt  applied  to  iron  work  so  expo.sed  can  be  used  instead  of  paint,  but 
the  value  of  such  applications  will  depend  largely  upon  the  quality  of  the 
material  and  the  thoroughness  with  which  it  is  applied. 

Much  has  already  been  said  about  fireproofing  as  a  protection 
against  corrosion,  but  our  treatment  of  the  general  subject  would  hardly 
be  complete  without  some  reference  to  fireproofing  as  a  fire  protection. 
It  is  very  necessary  that  the  large  buildings,  which  the  use  of  steel  has 
made  possible,  should  be  absolutely  fireproof  This  is  true,  not  only 
because  the  number  of  people  who  occupy  them  and  the  value  of  the 
property  in  them  are  very  great,  but  because  their  greater  height 
increases  the  difficulty  of  exit  and  makes  it  extremely  difficult  for  firemen 
to  operate.  Such  buildings  ought  to  be  made  absolutely  and  completely 
fireproof  against  any  fire  within  or  without.  A  great  many  criticisms  have 
been  written  about  fireproof  buildings  that  burn,  so  much  so  that  there  is  a 
popular  notion  that  no  really  fireproof  buildings  can  be  built.  Such  state- 
ments were  common  after  both  the  great  fires  in  Boston,  but  the  president 
of  one  of  the  leading  insurance  companies  states  that  not  a  single  building 
destroyed  by  these  fires  was  rated  as  fireproof;  and  it  is  quite  notable 
that  the  only  building  left  standing  in  the  business  center  of  Chicago 
after  its  great  fire,  survived  because  it  was  indeed  fireproof. 

Our  opportunities  to  judge  accurately  by  observation  concerning 
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the  values  of  the  various  methods  which  are  used  to  make  the  fireproofiug 
complete  and  perfect,  are  exceedingly  limited.  Generally,  when  fires 
occur  in  fireproof  buildings,  they  are  so  insignificant  that  no  record  is 
made  of  them ;  and  when  fires  occur  in  buildings  that  are  not  fireproof, 
the  destruction  is  so  complete  that  it  is  difficult  to  estimate  the  value  of 
whatever  good  fireproofing  may  have  been  in  the  building.  During  the 
last  few  years,  there  have  been  several  fires  in  the  Rookery  in  Chicago, 
and  one  of  them,  at  least,  would  have  consumed  the  building,  if  it  had 
not  been  a  fireproof  structure.  In  the  interior  of  the  building  are  a 
number  of  janitors'  closets,  one  right  over  the  other.  As  they  could 
not  be  ventilated  through  windows,  iron  gratings  were  put  in  the  floors, 
and  the  whole  system  was  ventilated,  every  room  through  those  above  it. 
Every  night  the  refuse  of  the  building  is  gathered  temporarily  in  these 
rooms.  The  fire  started  on  one  of  the  lower  floors  as  soon  as  the  material 
was  gathered  for  the  day.  In  a  moment  the  entire  stack  of  rooms  was 
a  blazing  furnace,  and  the  heat  must  have  been  intense.  Everything  in 
them  that  could  burn  was  consumed.  The  work  of  the  firemen  had, 
probably,  little  to  do  with  stopping  the  fire.  The  damage  was  very 
small.  It  showed  a  weak  point  in  the  construction  of  these  rooms,  but 
also  proved  that  the  building  was  well  constructed  to  resist  fire. 

Probably  the  most  remarkable  illustration  of  the  fact  that  buildings 
can  really  be  built  fireproof  is  affl)rded  by  the  fire  in  the  Chicago 
Athletic  Building.  This  building,  constructed  by  the  Chicago  Athletic 
Association,  is  about  84  feet  wide,  by  170  feet  long,  and  eleven  stories 
high.  The  fire  occurred  shortly  after  its  completion,  and  the  damage 
was  confined  to  the  portion  above  the  third  floor.  The  fifth  floor  is  all 
one  room,  a  great  gymnasium,  with  a  running  track  extending  entirely 
around  it  about  ten  feet  above  the  floor.  Heavy  steel  box  girders  about 
.40  feet  long,  and  a  few  zee  bar  columns,  supported  the  high  ceiling  of 
this  room  and  all  the  floors  above.  The  upper  floors  are  used  for  bed- 
rooms, dining-rooms,  and  courts  for  indoor  tennis  and  other  games. 
The  interior  finish  is  solid  oak,  all  the  halls  being  wainscoted  with  it, 
and  all  the  walls  and  the  ceiling  of  the  gymnasium  being  covered  with 
it.  Indeed,  it  even  covered  the  columns.  At  the  time  the  fire  occurred, 
this  finishing  material  was  all  in  place,  and  the  painters  were  just 
finishing  the  dark  antique  finish  in  the  gymnasium.  The  false  work, 
made  of  2-inch  plank,  erected  for  the  workmen  engaged  in  the  erection 
of  the  heavy  i)ancled  ceiling,  extended,  w'ith  its  supports,  over  the 
entire  area  of  the  room.  Carpenters'  benches  and  chests  occupied  every 
vacant  place;  some  thousands  of  feet  of  lumber  were  piled  in  the  room, 
awaiting  use  in  other  parts  of  the  building,  and  the  heavy  oak  floor 
was  covered  with  shavings,  blocks  and  other  refuse.  The  fire,  which  was 
undoubtedly  of  incendiary  origin,    consumed    everything    combustible 
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that  was  in  this  room,  and  so  thoroughly  that  it  was  difficult  to  find 
even  charred  pieces.  The  intense  heat  can  be  better  imagined  than 
described,  most  of  the  wood-work  in  other  rooms  was  consumed,  even  the 
floor  being  burned  away  in  many  places.  The  total  loss  was  reported 
to  be  about  $60,000.  The  damaged  steel  work,  however,  was  replaced 
for  a  very  small  amount,  not  more  than  a  few  hundred  dollars.  The 
only  beams  that  were  exposed  were  between  the  elevators,  and  the  expan- 
sion of  the  iron  guides  buckled  them  all.  The  chief  loss  occurred  in  the 
destruction  of  the  delicate  stone  tracery  in  the  front  of  the  building  ; 
and  this  was  due  more  to  the  water  thrown  upon  it,  than  to  the  fire. 
The  strength  of  the  building,  both  in  its  masonry  and  in  its  steel  construc- 
tion, was  not  in  the  least  impaired  ;  the  tile  arches  in  the  floors  were  not 
injured  to  the  extent  of  having  to  be  renewed. 

The  most  important  lesson  which  the  fire  taught,  pertains  to  the 
fireproofing  of  columns.  In  this  case,  the  long  columns  in  the  gymna- 
sium were  not  properly  cared  for.  Before  any  fireproofing  was  put 
around  them,  they  were  encircled,  at  about  every  four  feet  in  height, 
by  wooden  frames  made  of  2x4-iuch  scantlings  spiked  together.  These 
were  for  grounds,  and  to  provide  a  backing  to  which  the  oak  wainscot- 
ing could  be  nailed.  Betweed  these  strips,  the  columns  were  enclosed 
in  hollow  tile  blocks  in  the  ordinary  way.  The  fire  burned  these  frames, 
and  the  covering  of  the  columns  dropped  to  the  floor.  The  columns, 
fortunately,  were  not  injured,  but  that  fact  is  not  to  the  credit  of  good 
fireproofing.  If  the  columns  had  given  way,  the  destruction  of  the 
building  would  have  been  complete,  but  the  real  fault  would  never  have 
been  known,  and  meritable  measures  would  have  been  condemned. 

The  fireproofing  around  columns  should  be  continuous  from  floor  to 
floor;  it  should  be  well  constructed,  and  the  pieces  should  be  anchored 
together  entirely  around  each  column,  preferably  with  copper  wire,  every 
four  or  five  feet  in  height.  The  space  between  the  fireproofing  and  the 
iron  should  be  left  vacant.  Columns  in  the  exterior  walls  should  be 
covered  with  the  hollow  tile  just  as  thcn-oughly  as  those  in  the  interior; 
and  should  have,  at  least,  five  inches  of  brick  work  or  other  masonry 
well  laid  in  cement  mortar  between  this  and  the  outer  air.  The  hollow 
spaces  are  just  as  important  around  the  exterior  as  around  the  interior 
columns ;  and  the  five  inches  outside  of  the  fireproofing  will  gave  space 
for  the  width  of  one  brick  and  a  well-laid  coat  of  Portland  cement  be- 
tween it  and  the  fireproofing.  Lime  mortar  should  not  be  used  for  this 
work.  If  the  character  of  the  brick  requires  it,  or  if,  for  any  other 
reason,  lime  mortar  is  necessary,  a  coating  of  some  waterproof  material 
should  be  used  outside  of  the  fireproofing. 

Four  inches  of  brick  work  alone,  between  the  steel  work  and  the 
outer  air,  is  not  good  for  protection  against  either  fire  or  corrosion,  while 
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four  or  five  inches  of  limestone  is  almost  no  protection  at  all,  and  should 
never  be  permitted.  Marble  and  limestone  are  not  fireproofing  materials. 
The  New  York  Building  Law  provides  for  the  use  of  bond  stone  in  heavy 
brick  masonry.  The  use  of  limestone  in  this  way  endangers  the  whole 
structure.  Where  limestone  and  marble  are  used  to  finish  the  front  of 
a  building,  it  should  be  done  in  such  a  way  that  the  strength  of  the 
structure  does  not  materially  depend  upon  it,  and  so  that  the  masonry 
can  be  replaced  in  case  of  injury.  The  risk  that  is  run  in  using  lime- 
stone for  an  exterior  finish  and  in  relying  upon  it  for  the  strength  of 
the  building,  was  never  better  shown  than  in  the  Athletic  Building. 
The  loss  of  the  stone  work  in  this  fire  was  very  great,  but  the  steel  work, 
over  the  part  of  the  wall  which  was  destroyed,  preserved  the  front  in 
the  upper  stories,  so  that  it  was  not  materially  injured. 

The  whole  subject  is  too  great  for  a  proper  consideration  here,  but 
it  may  be  emphasized  that  buildings  can  be  made  completely  fireproof, 
by  covering  all  the  iron  work  with  the  hollow  material  made  for  the 
purpose,  and  fastening  it  in  position  so  that  it  cannot  be  readily  tumbled 
down  or  stripped  off.  The  air  spaces  will  prevent  the  heating  of  the 
metal  to  a  danger  point,  either  by  yielding  or  by  expanding.  Almost 
any  material  made  in  hollow  block  form  will  serve  the  purpose,  if  it  can 
be  protected  ;  but  if  it  is  exposed,  so  that  water  can  be  thrown  on  it 
while  heated,  it  should  be  of  porous  material,  for  the  very  hard  clay 
tiles  are  apt  to  crack  to  pieces  under  such  treatment. 

Non-inflammable  materials  for  interior  finish  are  desirable. 
Stocks  of  goods  that  can  readily  burn,  or  quantities  of  inflammable 
materials,  should  not  be  allowed  in  buildings  above  the  convenient  reach 
of  firemen,  say  seven  or  eight  stories — but  the  steel  can  be  protected  so 
that  the  building  will  not  burn  even  if  they  do.  The  use  of  metal  in 
buildings  is  demanded,  and  this  and  all  the  other  problems  that  belong 
to  it  can  be,  and  must  be,  satisfactorily  solved. 
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NOTES  OX  A  BROKEN  PINION  SHAFT. 


By  Onward  Bates,  Member  of  the  Western  Society  of  Engineers. 


[Read  October  3,  1894.*] 

On  July  8,  1893,  a  breakage  occurred  to  a  pinion  shaft  operating 
the  C.  M.  &  St.  P.  Ry.  drawbridge  over  the  Menominee  River  at 
Milwaukee,  showing  so  peculiar  a  fracture  that  photographs  were  taken 
of  it,  two  of  which  are  submitted  for  the  inspection  of  members  of  the 
Society,  with  the  following  notes  compiled  from  a  report  of  the  accident 
by  Peter  Sullivan,  the  Railway  Company's  Iron  Bridge  Inspector. 

The  bridge  is  a  double-track  iron  structure,  203  feet  long,  built  in 
1886  and  opened  to  traffic  December  19th,  of  that  year.  The  failure 
was  the  first  of  its  kind,  and  did  not  cause  any  interruption  to  either 
railway  or  river  traffic,  as  the  bridge  is  provided  with  separate  hand- 
turning  gear.  A  new  shaft  was  provided  and  put  in  service  the  day 
after  the  accident,  and  it  was  again  operated  by  steam  power.  The 
bridge  is  easily  turned  by  two  men  with  the  hand  gear,  and  when  steam 
power  is  applied,  a  boiler  pressure  of  30  pounds  is  usually  carried. 
Complete  reports  of  river  traffic  through  the  draw  openings  are  not  at 
hand,  but  there  are  records  of  the  bridge  being  opened  10,417  times  in 
1893,  and  11,997  times  in  1892.  It  is  estimated  that  it  was  opened 
12,000  times  per  year  previous  to  1892. 

The  broken  shaft  is  one  of  two  pinion  shafts,  each  3-/^  inches  in 
diameter  by  4  feet  3t  inches  long,  working  in  sleeve  brackets  3  feet, 
1 J  inches  long,  with  bearings  85  inches  long  at  each  end.  The  upper 
end  of  each  shaft  is  fitted  with  a  spur  wheel  26  inches  diameter  and 
5  inches  face,  driven  by  an  intermediate  shaft  which,  in  turn,  is  driven 
by  an  equalizing  shaft  acting  through  bevel  gearing.  The  intermediate 
shafts  have  their  bevel  wheels  set  in  opposite  ways,  one  with  the  bevel 
up  and  the  other  with  the  bevel  down,  in  order  that  they  shall  turn  in 
the  same  direction  while  being  driven  from  the  opposite  ends  of  the 
equalizing  shaft.  To  provide  for  disengaging  the  other  gearing  from 
the  pinion  shafts  when  the  bridge  is  operated  by  hand,  one  of  the  bevel 
wheels  is  made  to  slide  on  a  feather,  and  the  other  has  a  clutch  coupling. 
After  the  accident,  the  feather  was  found  to  fit  snugly  in  its  seat  in  the 
hub  of  the  bevel  wheel,  and  the  clutch  coupling  to  have  nearly  an  inch 
of  play,  or  lost  motion,  where  it  engaged  with  its  bevel  wheel.  The 
significance  of  these  fits  will  appear  hereafter  in  accounting  for   the 

*  Manuscript  received  March  11,  1895.  —Secretary,  Ass'n  Eng.  Socs. 
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broken  shaft.  The  lower  ends  of  the  pinion  shafts  are  fitted  with  spur 
pinions,  11 2  inches  in  diameter  and  6  inches  face,  engaging  with  the 
rack  circle  on  tlie  pier.  The  pinion  shafts  are  geared  to  the  engine  in 
the  ratio  of  1  to  25,  and  rev'^olve  about  seven  times  in  opening  or  closing 
the  bridge,  which  ordinarily  occupies  about  forty  seconds. 

When  the  shaft  failed  and  was  removed,  it  was  found  that  the  break 
had  occurred  inside  of  the  sleeve  bracket,  about  six  inches  from  the 
lower  end,  with  the  fracture  extending  upwards  nearly  twelve  inches. 
Between  these  points  the  shaft  was  completely  broken  in  two  places 
about  five  inches  apart,  with  the  short  section  split  in  four  pieces.  The 
photographs,  which  are  a  little  over  one-sixth  size,  show  the  broken  shaft 
plainly.  It  is  to  be  noticed  that  the  appearance  of  the  fracture  is  as  if 
the  shaft  were  a  wooden  one  covered  with  black  oil.  Indeed,  the  small 
pieces  of  the  shaft  were  taken  to  be  of  wood  by  some  who  saw  them. 


The  shaft  which  was  broken  is  the  one  operated  by  the  loose-fitting 
clutch  coupling.  Mr.  Sullivan's  theory  of  the  break,  with  which  the 
writer  agrees,  is  that  it  was  due  to  the  shocks  caused  by  the  one-inch 
lost  motion  in  the  coupling  in  starting  and  stopping  the  bridge.  Count- 
ing four  shocks  (starting  twice  and  stopping  twice)  to  each  time  the 
bridge  was  opened,  there  were  approximately  315,000  shocks  applied  to 
the  shaft,  and  alternating  in  torsional  direction.  The  shaft  was  of  badly 
welded  iron,  and,  in  being  twisted  back  and  forth  with  jerks,  the  seams 
gradually  opened  and  the  oil  used  in  lubricating  the  shaft  penetrated 
between  the  parts,  lessening  the  friction  between  them,  and  this  process 
continued  with  the  pieces  held  together  in  the  sleeve  until  they  were 
completely  broken,  as  shown  in  the  photographs. 

This  theory  of  the  fra(!ture  is  supported  by  the  example  of  the  other 
shaft,  to  which  the  power  is  apjjlied  by  the  bevel  wheel  sliding  on  a 
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feather  without  any  lost  motion,  and  which  is  in  apparently  good  condi- 
tion, although  doing  the  same  work  as  the  broken  one. 

The  clutch  was  evidently  made  with  too  much  play  at  first  and  this 
perhaps  was  increased  by  wear.  The  mass  of  the  moving  structure  was 
so  great  that  with  a  force  suddenly  applied  to  the  shaft,  the  resistance 
was  similar  to  that  of  an  immovable  body  and  the  shock  was  to  be 
measured  by  the  power  of  the  engine.  Such  shafts  under  unfavorable 
conditions  are  subjected  to  heavy  stresses,  and  for  example  it  may  be 
mentioned  that  on  two  different  occasions  steel  shafts  5  inches  in  diame- 
ter were  twisted  in  two  in  the  Kinzie  Street  railroad  bridge,  in  Chicago, 
before  it  was  rebuilt. 

The  w-riter  makes  no  apology  for  choosing  as  his  subject  a  small 
detail  when  he  might  have  presented  a  whole  bridge  to  the  Society,  for 
he  wishes  to  draw  the  moral  that  correct  designing  means  attention  to 


details,  and  that  we  cannot  know  all  about  details  until  we  have  learned 
their  wearing  qualities. 

Mr.  Goldmark. — Was  the  shaft  made  by  rolling  or  by  ham- 
mering ? 

Mr.  Finley. — I^y  rolling. 

Mr.  Goldmark. — This  is  a  case  where  wrought  iron  failed  because 
it  was  wrought  iron,  because  it  consisted  of  a  number  of  layers  the 
seams  of  which  were  not  properly  welded.  The  author  speaks  of  this 
as  a  badly  designed  detail,  but  it  is  a  question  whether  the  design  or  the 
material  is  bad.  In  other  words,  would  it  not  have  opened  just  as  much 
in  a  5  inch  shaft  as  in  a  3}  inch  shaft?  Those  who  have  had  something 
to  do  with  rolled  iron  shafting  have  often  come  across  this  opening  in 
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welds.  Wought  iron,  which  by  many  is  still  considered  far  more  reli- 
able than  steel,  has,  in  this  case,  as  in  many  others,  shown  unexpected 
weakness. 

Mr.  Artingstall. — Why  is  it  that  we  recite  in  our  specifications 
that  the  size  of  ingot  and  the  size  of  hammer  shall  be  under  the  direc- 
tion of  the  engineer,  excepting  that  it  is  to  see  that  the  metal  is  properly 
worked?  I  judge  that  in  this  case  the  metal  has  not  been  properly 
worked. 
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A  METHOD    OF    MAKING    RIVER    SURVEYS  BY  STADIA 
EXCLUSIVELY. 


By  J.  L.  Van  Ornum,  Assoc.  M.  Am.  Soc.  C.  E. 


[Read  before  the  Engineers'  Club  of  St.  Louis,  January  16,  1895.] 

For  a  complete  survey  of  a  river,  where  latitudes  and  longitudes,  as 
well  as  the  most  exact  location  of  all  the  salient  features  of  the  river  and 
its  surrounding  territory,  are  desired,  no  method  can  supplant  a  com- 
plete triangulation  system.  Also,  in  the  case  of  a  river  of  great  size, 
whose  territory  is  extensive  and  whose  width  is  great,  a  system  of  tri- 
angles throughout  its  extent  and  the  location  of  soundings  by  angular 
measurements  are  essential.  Minor  modifications  are  often  made,  and 
details  changed  to  suit  varying  conditions  under  which  the  work  is 
carried  on  ;  but  whenever  a  river,  from  its  size  or  importance,  requires 
the  most  exact  survey  possible,  recourse  is  necessarily  had  to  the  exten- 
sive, though  expensive,  system  of  triangulation,  with  the  accompanying 
intersection  system  of  locating  soundings. 

Mr.  Walter  G.  Kirkpatrick  (in  a  paper  read  before  the  Engineer- 
ing Association  of  the  South),  has  suggested  a  modification  of  the  well- 
known  triangulation  methods,  in  which  their  exactitude  is  relaxed  in  the 
interest  of  economy  and  speed.  This  method  involves  triangulation 
also,  but  of  a  much  more  temporary  and  approximate  character. 

Its  principles,  as  set  forth,  involve  a  network  of  triangles  covering 
the  river,  the  stations  on  one  bank  being  opposite  those  on  the  other,  and 
on  the  ground  near  the  water's  edge.  Stations  are  spaced  at  a  distance 
about  equal  to  the  width  of  the  river.  A  base  line,  from  one  station  to 
the  next  adjacent  one,  is  measured  every  thirty  or  forty  stations,  in 
order  to  check  the  work.  In  measuring  the  angles,  the  transit  occupies 
stations  on  only  one  side  of  the  river,  the  supplementary  angles  on  the 
opposite  bank  being  computed.  In  this  way  the  triangulation  is  effected, 
and  from  its  data  the  computation  of  necessary  distances  is  easily  and 
quickly  made  and  the  plotting  simplified  by  the  use  of  the  system  of 
chords,  the  checks  being  numerous. 

The  author  does  not  state  his  recommendation  for  completing  the 
meandering  more  in  detail,  nor  for  the  location  of  soundings.  Presum- 
ably any  of  the  usual  methods  might  be  used.  This  modified  triangula- 
tion method  would  seem  to  be  applicable  where  the  usual  littoral  growth 
of  standing  and  overhanging  trees,  brush  and  often  cane,  become  so  light 
as  not  to  interefere  seriously  with  the  necessary  lines  of  sight  along  the 
occupied  bank. 
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For  any  ordinary  river  survey,  the  stadia  method  furnishes  the  best 
system,  both  because  of  its  economy  and  on  account  of  its  efficiency.  It 
is,  of  course,  not  so  accurate  as  triangulation,  yet  its  accuracy  is  amply 
sufficient  for  a  survey  for  navigation  or  for  improvements,  or  for  any 
purpose  up  to  the  most  rigorous  if  it  is  within  the  scope  of  the  method. 
This  scope  limits  it  to  rivers  not  much  more  than  one-half  mile  in  width, 
because  the  location  of  the  soundings,  as  well  as  the  meandering  of  the 
banks,  is  made  by  the  stadia,  and  the  sights  must  be  kept  within  practi- 
cable limits  of  length.  The  following  is  the  general  plan  of  operations, 
in  the  light  of  which  its  efficiency  and  economy  will  be  made  more  clear. 

The  purpose  of  a  river  survey  is,  in  general,  to  determine  its  course 
throughout,  its  depths  in  detail,  its  slope,  the  position  and  character  of 
its  banks,  the  nature  of  its  bed,  its  ruling  velocities  and  its  discharge  at 
different  stages.  Should  the  purpose  not  require  all  these  investigations 
in  detail,  the  survey  will  be  to  that  degree  simplified. 

In  the  stadia  survey,  five  parties  are  required,  viz.,  two  transit 
parties,  two  level  parties  and  one  hydrographic  party. 

The  two  transit  parties  are  similar  in  their  work  and  in  their 
personnel.  The  latter,  in  each  party,  consists  of  a  transitman,  two 
stadia-men  and  a  boatman  with  a  boat.  All  measurements  are  taken 
by  stadia  and  directions  by  successive  azimuths  (or  angular  deviation 
from  the  meridian).  Of  the  parties,  one  works,  if  possible,  on  each 
bank  of  the  river,  back  from  the  usual  littoral  growth  of  trees,  and  so  is 
generally  uuirapeded  by  them.  Its  duties  are  the  accurate  meandering 
of  its  own  bank,  the  taking  of  the  topography  of  the  adjacent  country 
back  to  the  highest  flood  line  where  practicable,  the  noting  of  the 
character  of  the  river  banks,  and  the  location  of  necessary  points  estab- 
lished by  the  hydrographic  and  level  parties  and  described  later.  The 
meandering  of  the  banks  requires  the  surveyed  line  on  each  to  follow 
the  river's  direction.  It  involves,  besides  the  necessary  located  points, 
observations  on  polaris  for  azimuth  at  least  every  twenty  miles  of 
progress.  Reciprocal  sights  for  azimuth  and  distance  should  be  ex- 
changed between  transitmen  every  two  or  three  miles.  Buch  sights 
furni.«h  data  from  which  the  latitudes  and  departures  of  such  circuits 
are  comimted,  thus  checking  the  work  in  the  field.  If  an  error  of  any 
magnitude,  either  in  azimuth  or  in  latitudes  and  departures,  is  discov- 
ered, the  field  work  of  the  circuit  is  retraced,  and  the  error  found  and 
corrected.  The  average  error  of  closure  should  not  exceed  j^^,  and 
that  of  azimuth  should  not  exceed  2'  per  mile;  and  the  extreme 
limits  allowed  should  not  exceed  double  these  amounts.  The  topo- 
graphical points,  and  points  located  for  the  hydrographic  and  level 
parties,  will  be  made  by  secondary  (side)  sights  from  the  occupied  sta- 
tions of  the  closed  lines. 
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A  level  party  works  on  each  bank,  each  carrying  forward  its  level 
line.  Each  party  contains  a  levehnan,  one  rodman  and  one  boatman 
with  boat.  Each  party  should,  on  its  own  bank,  keep  as  nearly  as 
possible  abreast  of  the  hydrographic  party  and  take  the  elevation  of 
water  surfaces  (located  by  the  transit  parties)  at  the  time  and  place  of 
sounding,  as  frequently  as  is  necessary,  i.  e.,  very  frequently  at  bars  or 
shoals  and  much  less  frequently  at  pools.  Permanent  bench-marks 
should  be  established  at  each  shoal,  and  also  between  shoals,  if  the  dis- 
tance is  greater  than  four  or  five  miles.  Reciprocal  sights  for  elevation 
should  be  exchanged  between  the  two  levelmen  every  two  or  three  miles, 
and,  if  a  discrepancy  of  any  size  is  discovered,  the  circuit  should  be 
re-leveled. 

The  hydrographic  party  is  charged  primarily  with  making  the 
soundings,  which  are  located  by  angle  and  stadia.  It  consists  of  a 
transitman  (with  his  individual  boatman  and  boat)  and  a  large  sound- 
ing-skiff containing  a  recorder,  steersman,  leadsman,  stadia-man  and 
two  or  three  oarsmen. 

The  sounding  boat  will  define  lines  from  bank  to  bank,  and  also 
lines  in  the  direction  of  the  river's  length,  thus  covering  the  river  with 
a  "  gridiron  "  of  sounding  lines.  These  cross-lines  and  longitudinal 
lines  will  be  at  a  distance  apart  depending  on  the  purpose  of  the  survey 
and  upon  the  ascertained  depth  of  water,  the  spacing  being  much  closer 
in  shoal  water.  Straight  lines  will  be  secured  by  the  steersman,  who 
will  choose  natural  ranges  on  the  bank  ahead,  or  by  other  similar 
methods  familiar  to  river  men.  The  method  of  location  herein  recom- 
mended permits  of  constant  oversight  by  the  transitman,  thus  assuring 
at  the  time  straight  lines  correctly  spaced. 

The  general  oversight  of  the  party  rests  with  the  transitman,  while 
the  sounding  boat  is  under  the  immediate  charge  of  the  recorder.  The 
leadsman  is  in  the  bow  of  the  boat  and  the  stadia- man  close  to  him,  with 
his  stadia-rod  always  vertical  and  facing  the  transitman.  When  work- 
ing, the  steersman  keeps  the  boat  on  the  desired  line,  and  the  leads- 
man takes  the  soundings  (with  lead-line  or  sounding-pole)  as  frequently 
as  desired,  calling  to  the  recorder  the  depths  and  character  of  the 
river-bed.  At  the  same  time  the  transitman  is  taking  his  observations 
of  stadia-reading  and  angle  as  frequently  as  possible,  each  location 
being  timed  to  coincide  with  the  vertical  lead-line  and  the  vertical  hair 
being  directed  to  the  lead-line  for  the  angular  reading ;  the  stadia-rod 
being  so  close  to  the  leadsman  makes  it  practicable  to  read  the  stadia 
interval,  although  it  is  not  in  the  center  of  the  field.  The  transitman 
records  his  observed  stadia  interval  and  then  reads  and  records  the  cor- 
responding angle,  thus  fixing  the  position  of  the  sounding  by  polar 
co-ordinates. 
22 
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The  practicability  of  making  accurate  readings  on  a  stadia-rod 
held  in  a  boat  depends  mainly  on  care  on  the  part  of  the  transitraan. 
In  the  boat,  the  stadia-rod  should  be  well  braced,  at  the  bottom,  in  a 
temporary  way,  iu  each  position,  and  the  stadia-man  should  have  a  high 
and  firm  seat  to  enable  him  to  hold  his  rod  steadily  in  its  vertical  posi- 
tion. The  transitman,  having,  for  convenience,  his  transit  generally 
near  the  water's  edge,  habitually  keeps  the  lower  hair  at  a  reading  about 
equal  to  his  height  of  instrument  above  the  water,  thus  requiring  little 
movement  of  the  gradienter  to  accurately  place  the  lower  hair  for  suc- 
cessive readings.  When  preparing  for  a  sight,  he  turns  the  alidade  with 
his  left  hand  to  bring  the  vertical  cross-hair  to  coincide  w^ith  the  lead- 
line as  it  becomes  vertical,  Avhile,  at  the  same  time,  with  his  right  hand 
he  moves  the  gradienter  whatever  small  amount  is  necessary  to  produce 
a  coincidence.  This  preparation  enables  the  transitman,  when  the 
vertical  hair  does  coincide  with  the  vertical  lead-line,  to  note  at  the 
same  instant  the  reading  of  the  upper  hair,  and  so  read  the  interval. 
In  this,  as  in  other  work,  repeated  observations  soon  lead  to  expertness. 
If  the  water  is  somewhat  rough,  the  lower  hair  would  usually  stand  at 
the  mean  height  of  the  mark;  then,  at  the  critical  instant,  a  quick 
movement  of  the  gradienter  will  obtain  a  correct  setting,  which  is  read 
as  before.  The  size  and  load  of  this  boat  also  lessens  the  disturbing 
effect  of  the  waves.  Quite  a  sea  is  necessary  to  vitiate  the  readings,  and 
when  the  water  is  rough  enough  to  make  them  unreliable  it  is  rough 
enough  to  vitiate  the  readings  of  the  lead-line,  and  work  should,  of 
course,  be  stopped. 

We  must  now  consider  the  means  of  identifying  corresponding 
observations  in  the  books  of  the  transitman  and  recorder, — that  is, 
ascertaining  which  sounding  recorded  corresponds  to  each  location. 
Time  locations  would  furnish  an  accurate  means,  but,  were  this  plan 
used,  there  would  be  lost  one  of  the  advantages  of  this  method  of  loca- 
tion, viz.,  its  elasticity,  which  allows  the  transitman  to  make  as  frequent 
locations  as  his  manipulations  will  permit.  To  effect  this  object,  the 
best  plan  is  for  the  transitman  to  have  his  boatman  or  assistant  wave  a 
flag  at  the  instant  he  makes  a  location ;  this  is  seen  by  the  stadia-man 
in  the  boat  and  repeated  to  the  recorder  there,  and  both  transitman  and 
recorder  make  corresponding  entries.  To  obviate  error  due  to  loss  of  a 
signal  or  to  mistake,  differently  colored  flags  are  irregularly  used,  and 
each  field  book  shows  a  corresponding  record  of  color  opposite  the 
proper  entry.  Thus  both  the  transit  book  and  the  sounding  book  have 
a  corresponding  succession  of  color  signals  for  each  line,  each  location 
in  the  transit  book  applying  to  the  sounding  denoted  by  the  correctly 
corresponding  indicated  color.  Of  course,  the  beginning  and  end  of 
each  line  furnish  distinctive  points  of  identification  and  reference  by 
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time  observatiou,  noted  by  both  trausitinau  and  recorder,  and,  at  the 
close  of  each  day's  work,  the  corresponding  observations  on  each  line, 
as  identified  by  the  color  of  flag,  are  numbered. 

The  particular  advantages  of  the  stadia  method  are  economy,  a 
greater  frequency  of  location  and  a  more  thorough  covering  of  the  area, 
due  to  the  fact  that  the  position  of  the  lines  of  soundings  is  instruraen- 
tally  observed  in  such  a  way  that  they  are  subject  to  the  perfect  super- 
vision and  immediate  correction  of  the  transitman.  This  insures  a 
complete  covering  of  the  area,  without  the  necessity  of  an  accompany- 
ing office  force  to  plot  the  soundings  in  I  he  field. 

The  positions  of  the  transit  are  arbitrarily  chosen  to  the  best 
advantage  as  determined  by  the  meauderings  of  the  river,  and  are  from 
one-fourth  mile  to  one  mile  apart.  Whenever  the  sounding  lines  have 
progressed  a  sufficient  distance  beyond  the  transit  station,  the  latter  is 
marked  by  a  flag  and  abandoned  by  the  transitman.  He  is  then 
taken  by  his  boatman  to  the  next  advantageous  location  for  his 
station,  while  the  sounding  boat  waits  in  position;  then  observations 
are  continued  from  this  place  as  before.  Preparatory  to  measuring 
the  location  angles  of  soundings,  the  zero  of  the  horizontal  limb 
of  the  transit  is  always  set  either  on  one  of  the  stations  previously 
occupied  by  the  transit,  or  on  a  station  established  for  the  purpose,  and 
marked,  as  are  the  others,  by  a  flag.  The  stations  just  mentioned  are 
located  from  at  least  two  stations  occupied  by  one  of  the  transit  (bank) 
parties,  thus  connecting  the  meander  and  hydrographic  surveys  into 
one  complete  and  connected  whole.  This  fact  makes  it  necessary  for 
the  hydrographic  party  to  be  always  in  advance,  with  the  level  parties 
as  nearly  abreast  as  possible  and  the  transit  parties  closely  following. 

It  will  be  found  that  the  transit  parties  are  often  more  than  able  to 
keep  up  with  the  hydrographic  party.  Their  spare  time  can  be  advantage- 
ously employed  in  taking  borings  in  the  river  bottom  where  necessary, 
and  in  velocity  measurements  and  observations  for  cross-section  and 
discharge,  under  the  direction  of  the  chief  of  party. 

Gage  readings  to  determine  the  stage  of  water  at  the  time  of  sur- 
vey, methods  of  reduction  of  soundings  to  equivalent  depths  at  low-water 
stage,  computation  of  low-water  profile  from  that  at  the  time  of  survey, 
discharge  computations  and  other  reductions  and  operations  are  made 
in  the  usual  way,  and  do  not  properly  come  within  the  scope  of  this 
paper. 

The  system  described  is  elastic,  allowing  modification  to  suit  partic- 
ular cases.  Thus,  if  the  stream  should  be  a  small  one,  permitting  both 
banks  to  be  within  the  reach  of  one  transit  and  one  level,  a  single  transit 
party  and  a  single  level  party  would  suffice  where  economy  is  necessary. 
In  this  case  the  level  line  would  be  checked  approximately  by  transit 
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levels,  and  the  transit  distances  by  the  hydrographic  work.  Or,  if  the 
greatest  economy  is  desired,  with  a  limit  of  accuracy  such  as  is  obtain- 
able in  compass  work,  a  single  instrument  man  with  a  transit  will  make 
the  whole  survey.  In  this  extreme  case,  the  meandering  of  the  river 
would  be  by  stadia  sights  and  compass  bearings,  the  stations  being  at 
the  water's  edge.  Secondary  sights  would  locate  salient  points  of  the 
banks,  from  all  of  which  the  bank  line  would  be  drawn.  Level  read- 
ings on  the  rods  would  give  water  surfaces  for  the  profile  and  the  refer- 
ence plane  of  soundings,  and,  from  the  located  points  on  the  banks,  the 
channel  depths,  as  obtained,  would  be  sketched  in  where  of  ample  depth. 
Where  the  depth  is  questionable  detailed  surveys  are  made  in  the  usual 
way,  by  polar  co-ordinates,  as  is  also  the  case  where  cross-sections  for 
discharge  are  desired. 

The  rate  of  progress  varies  from  six  or  seven  miles  per  day,  for  the 
case  last  mentioned,  to  a  mile  or  a  mile  and  one-half  per  day  for  the 
most  complete  survey.  The  cost  of  field  work  would  correspondingly 
vary  from  four  or  five  to  sixty  or  seventy  dollars  per  mile. 

The  writer  has  used  the  system,  as  described  in  this  paper,  with  its 
various  modifications,  on  several  river  surveys  aggregating  over  400 
miles.  Hence  the  system  has  not  only  borne  the  test  of  experience,  it  is 
a  growth  developed  by  conditions  and  exigencies  that  have  arisen  in 
experience. 

To  restate  the  argument  briefly,  the  particular  advantages  of  this 
system  of  stadia  hydrographic  surveys  are  : 

(1)  Economy. 

(2)  Elasticity  of  adaptation  to  conditions. 

(3)  More  numerous  locations  of  soundings. 

(4)  A  more  accurate  location  of  soundings  than  is  often  practica- 
ble by  two  transits  on  the  bank  taking  simultaneous  pointings,  and  a 
much  more  accurate  location  than  is  possible  by  the  three-point  prob- 
lem, using  a  sextant  in  the  boat. 

(5)  Adequate  and  complete  instrumental  oversight  of  the  work  at 
the  time. 
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ROAD  IMPROVEMENTS  IT>"  K?s"OX  COr:HTY,  TENJs^ESSEE, 
AXD  FUETOK  COUNTY,  GEORGIA. 


By  J.  E.  M.  Hanckel,  Member  of  the  Association  of  Engineers  of 

Virginia. 


[Read  January  26,  1895.] 

I  HAVE  selected  for  discussion  the  road  improvement  system  of 
Knox  County,  Tenn.,  and  Fulton  County,  Ga.,  because  they  represent 
the  same  geological  formations  that  confront  us  in  our  two  sections  of 
Virginia,  known  as  Southwest  Virginia,  and  Eastern  or  Piedmont  Vir- 
ginia. 

Knox  County,  Tenn.,  abounds  in  limestone  cliffs  and  ledges,  that 
break  out  on  the  surface  in  all  parts  of  the  country.  In  building  roads 
here,  it  is  possible  to  open,  at  almost  every  mile,  quarries  which  will 
furnish  excellent  macadam.  On  many  miles  of  roads,  the  material 
from  the  cuts  which  are  made  in  order  to  reduce  the  grades  to  the 
maximum  (which  is  5  per  cent,  except  in  emergency  places),  is  a  hard, 
blue  limestone,  and  this  is  broken  to  proper  sizes,  put  on  the  road-bed, 
and  thoroughly  rolled. 

It  is  not  necessary  to  present  to  you  a  description  of  the  modes  of 
construction  used  in  this  county.  That  they  are  good,  is  all  that  is 
necessary  to  say  of  them.  The  construction  of  new,  and  the  improve- 
ment of  old,  roads  is  in  charge  of  the  Board  of  Pike  Commissioners,  the 
County  Judge  being  Chairman  of  this  Board.  These  Commissioners 
are  permitted  by  law  to  employ,  on  their  roads,  all  convicts  committed 
by  their  County  Courts ;  and  the  cost  of  supporting  these  convicts  is 
met  from  the  general  funds  of  the  county.  With  this  force  they  build 
on  an  average  eight  miles  of  macadamized  roads  each  year. 

There  is  also  levied  a  special  road  tax  of  10  cents  on  $100  worth 
of  property  in  the  county,  including  the  taxable  property  in  the  incor- 
porated cities.  The  funds  derived  from  this  tax  also  are  placed  in  the 
hands  of  the  Pike  Commissioners ;  and  with  this  they  build  about  seven 
miles  of  macadamized  road  each  year.  This  one  county  thus  builds 
fifteen  miles  of  macadamized  road  each  year. 

Leading  out  of  Knoxville  there  are  ten  roads  which  are  graded  to 
a  4  per  cent,  grade,  and  so  well  macadamized  that  one  can  drive  for  ten 
or  twelve  miles  in  any  direction  on  them  in  the  worst  winter  weather  at 
a  brisk  trot,  and  be  able  to  plead  not  guilty  to  the  charge  of  being  a 
mud  thrower.  These  roads  have  been  made  what  they  are,  however 
under  the  most  advantageous  surroundings. 
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Turn  now  to  the  roads  of  Fulton  County,  Ga.  The  Commissioners 
who  have  shown  themselves  so  efficient  in  Knox  County,  Tenn.,  would 
make  many  blunders  here.  The  soil  of  this  county  is  red  clay,  with 
quite  a  large  percentage  of  mica.  AVhen  this  becomes  wet  under  con- 
stant rains,  the  roads  are  almost  impassable.  Here  there  is  some 
stone  that  can  be  quarried  and  crushed  for  macadamizing ;  but  there  is 
very  little  of  it,  and  it  grinds  dow^n  rapidly  under  traffic  and  frost,  and 
is  then  washed  away  by  rains.  These  macadamized  roads,  therefore, 
soon  become  rough,  and  are  very  expensive  to  maintain  in  proper 
repair. 

The  roads  are  built  and  repaired  under  the  direction  of  the  County 
Commissioners,  who  appropriate  each  year  a  certain  amount  for  roads. 
The  general  levy  of  the  county  is  made  on  property  in  the  city  limits  of 
Atlanta,  as  well  as  on  all  other  property  of  the  county.  The  Commis- 
sioners lease  from  the  State  about  two  hundred  convicts,  who  are  kept 
at  work  on  the  roads  all  the  time. 

These  Commissioners  have  abandoned  macadamizing  altogether. 
They  pave  about  fifteen  feet  of  the  roadway,  altogether  on  one  side,  with 
cobble  or  common  rubble,  which  they  quarry  and  break  into  proper 
sizes  instead  of  crushing  to  egg  size.  They  pave  from  six  to  twelve 
miles  of  road  per  year  with  this  force,  and  have  already  improved  in 
this  manner  many  miles  of  county  roads. 

I  have  shown  that  the  two  cities  of  Knoxville,  Tenn.,  and  Atlanta, 
Ga.,  besides  maintaining  their  own  highways,  contribute  (and,  of  course, 
by  far  the  largest  part)  to  the  expense  of  building  and  maintaining  the 
county  roads.  This  is  just,  as  all  roads  naturally  lead  to  the  important 
town  or  city  of  the  county ;  and  this  town  or  city  is  better  able  to  pay 
for  such  impi'ovement,  and  will  reap  greater  benefit  from  it,  than  any 
other  part  of  the  county. 

I  believe  that  we  should  have  in  Virginia  such  a  road  law  as  these 
counties  have.  AVe  cannot  expect  the  small  values  of  county  property 
to  stand  such  taxation  as  would,  of  itself,  provide  sufficient  funds  for 
such  road  improvements  as  we  must  now  inaugurate  if  we  are  to  keep 
pace  with  our  sister  states.  We  have  a  State  that  is  capable  of  just  as 
much  progress  as  these  have  made. 

I  trust  that  our  Association  will  be  the  instrument  of  inaugurating 
in  Virginia  a  good  road  system,  the  working  of  which  will  redeem  our 
State  from  the  disgrace  now  facing  everv  county  official. 
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COUNTRY  ROAD  BRIBGES. 


By  C.  C.  Wentworth,  Member  op  the  Association  op  Engineers  of 

Virginia. 


[Read  October  17,  1894.*] 

Part  of  the  making  of  a  good  road  lies  in  making  the  bridges  good. 
A  good  bridge  is  one  that  at  a  reasonable  first  cost  is  strong  and  durable, 
accommodates  the  traffic,  and  requires  the  least  yearly  expenditure  for 
its  maintenance.  The  good  appearance  of  the  finished  bridge  is  also  to 
be  considered ;  but  for  ordinary  county  road  bridges  that  good  effect  in 
looks  which  always  follows  the  execution  of  a  well-planned  engineering 
work  may  be  relied  on  to  fulfill  this  desideratum.  A  neatly  designed 
portal  is  generally  used  to  ornament  the  structure.  It  should  be  entirely 
devoid  of  the  very  slender  open  ironwork  that  is  often  found  on  portals 
and  which  is  always  disfiguring. 

It  may  be  stated  that  since  iron  structures  can  be  built  at  almost 
as  low  a  first  cost  as  wooden  ones,  there  should  be  as  little  wood  used 
in  the  bridge  as  possible.  Even  the  joists  that  carry  the  flooring 
should  be  of  iron  or  steel ;  timber  appears  at  present  to  be  the  material 
best  adapted  for  the  flooring  itself.  If  metal  joists  are  used,  which  are 
simply  rolled  beams,  the  cost  of  the  bridge  will  probably  not  be  in- 
creased beyond  the  amount  expended  in  the  first  renewal  of  the  timber 
joists.  It  is  an  easy  matter  to  take  up  and  renew  a  floor  plank  that 
shows  signs  of  decay,  but  to  renew  or  even  examine  the  timber  joists  is 
a  difficult  undertaking. 

The  supports  for  the  ends  of  the  bridge  should  be  of  stone  whenever 
stone  can  be  procured.  The  plan  of  using  iron  cylinder  piers  is  to  be 
avoided  if  possible.  Masonry  ought  to  be  made  of  reasonably  well- 
shaped  stone  laid  up  in  real  cement  mortar.  The  cement  must  set  hard 
in  a  week  or  less.  If  the  stones  used  are  hard  and  durable,  their  shape 
is  of  little  importance,  provided  they  are  all  held  together  in  a  solid 
mass  by  good  cement.  In  order  to  make  good  cement  mortar  it  is  abso- 
lutely necessary  to  have  not  only  good  cement,  but  also  clean,  sharp 
sand.  By  looking  after  these  points,  we  can  build  at  a  low  cost,  a  wall 
that  will  stand  indefinitely,  as  far  as  the  masonry  is  concerned.  If  no 
good  stone  can  be  procured,  then  iron  cylinders  of  from  2^  to  5  feet  in 
diameter  are  used.  These  are  made  of  iron  plates  not  less  than  one- 
fourth  of  an  inch  in  thickness,  bent  into  a  cylinder  and  riveted.  Each 
pair   is  also  braced  together  across  the  bridge.      These  cylinders  are 

*  Copy  received  February  28,  1895. — Secretary,  ^4.s's'?i  Eng.  Socs. 
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filled  with  concrete.  A  good  phiu  is  to  bolt  them  to  a  platform  of  tim- 
ber placed  low  enough  to  ensure  its  being  always  wet,  so  that  they 
can  not  settle  or  be  pushed  over. 

For  short  spans,  up  to  say  30  feet,  rolled  beams  can  be  used,  with 
the  floor  plank  laid  directly  on  them.  For  longer  spans  there  is  no 
better  form  of  bridge  than  that  known  as  the  Pratt  truss.  These  are 
generally  through  bridges,  or  what  are  called  half-through  or  pony 
trusses,  the  latter  being  used  for  spans  up  to  about  80  feet.  For  very 
long  spans,  a  modified  form  of  Pratt  truss  is  sometimes  used,  which  has 
the  ends  of  its  top  chord  somewhat  inclined,  instead  of  being  level. 
These  are  known  as  elliptic,  or  Baltimore  trusses. 

In  pony-truss  bridges  the  sides  are  from  6  to  10  feet  in  height,  so 
that  there  is  no  room  for  overhead  bracing  to  keep  the  top  chords  in 
position.  This  is  the  weak  feature  of  a  pony  truss,  and  is  to  be  guarded 
against  by  making  the  vertical  posts  with  a  rigid  connection  to  every 
floor  beam,  so  that  by  their  stiffness  they  hold  the  top  chord  in  place, 
the  top  of  each  post  being  connected  to  the  top  chord.  There  ought  to 
be  a  post  at  each  end  of  every  cross  floor  beam,  and  the  inclined  end 
post  should  extend  straight  from  the  end  of  the  span  to  the  top  of  the 
first  vertical  post.  There  is  used  sometimes  a  kind  of  truss  in  which  the 
end  post  meets  the  top  chord  at  a  point  several  feet  from  the  top  of  the 
first  vertical.  This  form  should  be  entirely  discarded,  for  the  reason 
that  every  panel  point  of  the  top  chord  should  have  a  vertical  post  to 
support  it  and  keep  it  in  line.  It  makes  no  difference  how  much  the  end 
post  is  inclined,  provided  the  height  of  the  side  truss  is  kept  one-sixth 
to  one-tenth  of  the  span.  It  is  a  good  plan  to  make  the  vertical  posts 
of  a  pony  truss  about  2  feet  wide  at  their  lower  ends  where  they  connect 
to  the  cross  girder,  and  taper  them  up  to  the  top,  where  they  are  made 
small  enough  to  enter  the  top  chord.  The  2  feet  of  width  of  the  base 
makes  it  convenient  to  connect  them  rigidly  to  the  cross  floor  beam. 

Through  Pratt  truss  bridges  are  used  for  spans  longer  than  80  feet. 
These  have  inclined  end  posts,  but,  as  the  trusses  are  high  enough  to 
admit  of  cross  bracing  overhead,  there  is  no  need  of  the  same  depend- 
ence on  the  vertical  posts  to  keep  the  top  chords  in  place,  so  that  the 
first  vertical  is  made  a  tension  member.  The  head  room  over  the  floor 
to  the  under  side  of  the  portal  bracing  should  be  not  less  than  14  feet. 

The  floor  joists  of  all  county  road  bridges  ought  to  be  proportioned 
to  carry  a  live  or  rolling  load  of  100  pounds  to  the  square  foot  of  floor 
surface.  This  will  provide  for  any  heavy  single  load  that  may  be  met 
with  on  such  roads,  so  that  it  can  go  anywhere  on  the  bridge  with  safety. 
As  it  is  not  at  all  likely  that  a  great  number  of  such  heavy  loads  will 
happen  to  be  on  the  bridge  at  one  time,  so  as  to  cover  all  the  floor  at 
once,  the  cross  floor  beams  that  come  at  every  panel  point  may  be  i)ro- 
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portioned  for  a  lighter  load,  80  pounds  per  square  foot  of  floor  surface 
being  suflScient  for  them.  If  the  cross  girders,  or  floor  1)eams,  are  15 
feet  apart  and  the  roadway  12  feet  wide,  the  capacity  of  each  floor  beam 
will  be,  by  the  above  rule,  14,400  pounds,  or  say  a  wagon  weighing  6 
tons.  If  the  bridge  is  packed  full  of  cattle  for  a  length  of  two  panels, 
or  say  30  feet,  this  is  also  provided  for,  and  is  the  heaviest  load  that  is 
likely  to  occur. 

The  trusses  that  carry  the  cross  floor  beams  and  joists  of  the  road- 
way may  be  proportioned  for  a  little  less  live  load  than  the  floor,  for  the 
reason,  again,  of  the  extreme  unlikelihood  of  the  whole  bridge  being  fully 
loaded  at  one  time.  For  bridges  of  100-foot  span,  80  pounds  per  square 
foot  of  floor  is  enough  for  the  trusses.  For  125-foot  spans,  75  pounds  is 
enough;  for  150-foot  spans,  70  pounds;  for  175-foot  spans,  65  pounds; 
and  for  200-foot  spans  or  over,  60  pounds  is  sufficient.  In  each  case, 
the  live  load  for  the  joists  is  100  pounds  per  square  foot,  and  the  load 
for  the  cross  floor  beams  is  to  be  80  pounds  per  square  foot  as  before. 

The  length  of  the  panels  into  which  a  truss  is  divided,  depends  on 
whether  metal  or  timber  joists  are  to  be  used.  If  these  are  of  timber, 
the  panels  should  not  be  more  than  15  to  18  feet  long,  as  long  sticks  are 
generally  hard  to  get  for  renewals ;  and  the  longer  the  panels  the  more 
timber  there  is  to  renew  per  foot  run  of  bridge.  If  metal  joists  are  used 
there  is  no  reason  why  panels  of  20  to  23  feet  long  should  not  be  used, 
and  such  panel  length  will  be  found  to  be  economical ;  as  then  there  are 
fewer  panels,  and  fewer  pieces  for  the  bridge  builders  to  make  and  erect. 
In  this  way  the  cost  of  a  bridge  with  long  panels  and  metal  joists  is 
rendered  little  if  any  greater  than  one  with  short  panels  and  timber 
joists. 

Timber  joists  should  not  be  spaced  more  than  2  feet  apart,  and  the 
floor  plank  should  not  be  less  than  2  inches  in  thickness.  With  joists 
2  feet  apart,  the  following  sizes  are  proportioned  to  a  live  load  of  100 
pounds  to  the  square  foot  of  floor  surface : 

3  by  10  inch  for  12-foot  3-inoh  span. 

3  by  11  inch  for  13-foot  6-inch  span. 

3  by  12  inch  for  14-foot  9-inch  span. 

3  by  13  inch  for  16-foot  span. 

3  by  14  inch  for  17-foot  3-inch  span. 

3  by  15  inch  for  18-foot  6-iuch  span. 

3  by  16  inch  for  19-foot  9-inch  span. 

These  spans  of  from  12  feet  3  inches  to  19  feet  9  inches,  may  of 
course  be  those  of  short  span  bridges  of  that  length  or  the  panel  length 
of  a  truss  bridge. 

Steel  joists,  spaced  3  feet  apart,  may  be  used  for  the  following  spans 
or  panel  lengths,  these  being  for  the  ordinary  light  sections  rolled  of  the 
given  depths. 
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Rolled  beams  5  inches  deep  for  11-foot  span. 

Rolled  beams  6  inches  deep  for  13-foot  6-inch  span. 

Rolled  beams  7  inches  deep  for  16-foot  span. 

Rolled  beams  8  inches  deep  for  18-foot  6-inch  span. 

Rolled  beams  9  inches  deep  for  21-foot  '5pan. 

Rolled  beams  10  inches  deep  for  23-foot  6-inch  span. 

Rolled  beams  12  inches  deep  for  28-foot  6-inch  span. 

Rolled  beams  15  inches  deep  for  36-foot  span. 

With  these  spans  the  beams  will  deflect  nnder  the  extreme  load, 
but  not  enough  to  be  objectionable  for  highway  travel.  These  beams 
rest  on  the  cross  floor  beams  at  the  panel  points,  and  these  latter,  for 
ordinal'}'  bridge  spans,  may  be  made  of  rolled  beams  also.  For  bridges 
with  a  12-foot  wide  roadway,  12-inch  beams  will  answer  for  panel  lengths 
up  to  17  feet;  for  a  14-foot  roadway  up  to  13  feet;  and  for  a  16-foot 
roadway  up  to  10-foot  panel  lengths.  A  15-inch  rolled  beam  will 
answer  for  panel  length  up  to  27  feet  for  a  12-foot  roadway,  to  20  feet  for 
a  14-foot  roadway,  and  to  15  feet  for  a  16-foot  roadway.  These  floor 
beams  may  be  either  suspended  from  the  under  side  of  the  lower  chords, 
or  connected  to  the  vertical  posts  above  the  lower  chords.  A  good 
bridge  can  be  built  in  either  way,  and  one  is  no  stronger  for  carrying 
travel  than  the  other ;  for  every  point  of  a  bridge  is  suspended  in  one 
way  or  another,  and  the  point  is  to  make  the  mode  of  suspension  strong 
enough  for  its  duty. 

The  floor  plank  should  be  laid  squarely  across  the  bridge,  and  never 
in  more  than  one  thickness,  as  the  space  between  two  thicknesses  would 
hold  water  and  dirt,  which  hasten  the  decay  of  the  floor.  To  keep  the 
hubs  of  the  wheels  from  striking  the  trusses,  there  should  be  a  line  of 
guard  timber  bolted  to  the  floor  on  each  side  of  the  roadway  to  hold  the 
wheels  at  a  safe  distance.  This,  which  it  is  well  to  have,  renders  un- 
necessary what  is  known  as  a  hub  plank,  and  a  more  unsightly  object 
than  a  hub  plank,  warped  out  of  shape  and  of  no  use,  is  hard  to  find. 
Also  the  abomination  known  as  a  lattice  hub  guard  may  Avell  be  dis- 
carded, as  it  is  too  low  for  a  hand  rail  and  too  high  from  the  floor  to 
prevent  a  small  animal  from  going  under;  and  as  a  means  of  keeping 
hubs  from  the  trusses,  except  by  creating  fear  in  the  mind  of  the  driver 
lest  he  should  by  chance  hit  it,  it  is  not  a  success. 

Just  what  to  provide  as  a  means  of  preventing  a  traveler  from 
falling  off"  the  bridge  is  one  of  the  unsettled  points  in  the  building  of 
highway  bridges.  Five  or  six  lines  of  iron  rods  from  three-eighths  to 
three-fourths  inch  in  diameter  strung  through  the  center  line  of  each 
truss  are  cheap,  neat  and  effective.  These  can  be  joined  together  by 
threaded  pipe  couplings  and  tightened  up  against  the  end  posts,  through 
the  center  of  which  they  pass.     A  wooden  fence  is  as  unsightly  as  the 


COUNTRY  ROAD  BRIDGES.  •  231 

hub  plank,  and  is  always  out  of  repair.  A  gas  pipe  rail  is  better  than 
the  timber  fence,  but  more  expensive  than  either  it  or  the  iron  rods 
mentioned  above,  while  being  no  more  effective  than  the  latter. 

The  width  of  the  roadway  should  not  be  less  than  12  feet,  and  this 
only  for  bridges  of  less  than  100  feet  in  total  length.  Where  longer 
than  this,  two  teams  are  apt  to  meet  on  the  bridge,  whereas  on  short 
spans  one  team  can,  if  necessary,  keep  off  while  the  other  is  crossing. 
For  longer  bridges,  the  width  should  be  14  feet  in  the  clear,  while  a 
width  of  16  feet  in  the  clear  is  more  desirable.  A  sidewalk  is  very 
seldom  necessary  on  a  highway  bridge. 

Now  that  we  have  determined  the  general  dimensions  of  the  bridge, 
and  the  load  it  is  to  carry,  the  next  thing  is  to  see  that  the  structure 
will  carry  the  loads  for  which  it  is  designed.  When  iron  first  took  the 
place  of  wood  in  bridge  construction,  the  iron  seemed  to  be  a  material 
so  much  stronger  that  too  little  iron  was  used,  and  for  this  reason  many 
railroad  and  highway  bridges  had  to  be  rebuilt.  When  steel  took  the 
place  of  iron,  the  same  mistake  was  made,  and  engineers  are  now  begin- 
ning to  use  steel  more  nearly  as  they  would  iron,  and  as  they  should  in 
highway  bridges.  The  steel  used  is  not  all  like  the  steel  in  a  razor  or  a 
handsaw,  and  the  nearer  it  resembles  iron  in  its  properties  the  better. 
High-grade  steel  is  too  brittle  to  use  in  such  structures,  and  if  steel  is 
subjected  to  high  working  stresses  the  bridge  built  of  it  is  no  stronger 
than  one  of  iron,  while  the  steel  bridge  is  actually  less  rigid  than  the 
iron  one  under  passing  loads. 

The  working  stress  suitable  for  a  tension  member  of  a  highway 
bridge  is  12,500  pounds  per  square  inch  of  the  area  of  the  cross-section  of 
the  member,  whether  of  iron  or  of  steel.  This  is  one-fourth  of  the  ultimate 
capacity  of  iron,  and  one-fifth  of  the  capacity  of  soft  steel,  in  tension  ; 
so  that,  while  the  deflection  under  a  load  will  be  the  same  in  either  case, 
the  steel  structure  will  be  the  stronger  as  far  as  the  tension  members 
are  concerned. 

Compression  members  should  be  strained  10,000  pounds  per  square 
inch  of  their  section.  This  is  about  one-fourth  of  the  ultimate  capacity 
of  either  iron  or  soft  steel  in  compression  for  very  short  columns.  For 
long  columns  this  working  stress  has  to  be  reduced  by  one  of  the  usual 
formulas  for  the  purpose — Gordon's,  for  instance.  As  an  illustration  of 
the  working  of  the  formula  for  reducing  the  allowable  stress  on  long 
columns  the  following  may  serve,  as  the  columns  are  generally  made  of 
two  channels  latticed,  for  the  vertical  posts,  and  with  the  addition  of  a 
cover-plate  for  the  top  chord  and  end  posts. 

If  a  post  is  1  foot  long  the  allowable  stress  is  10,000  pounds  per 
square  inch.  If  made  of  two  5-inch  channels  the  allowable  stress 
becomes  only  5,000  pounds  per  square  inch,  if  the  column  is  21  feet 
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long.  lu  the  same  way  two  6-inch  channels  become  worth  only  5,000 
pounds  per  square  inch  at  a  length  of  25  feet,  7-inch  channels  at  28 
feet,  8-inch  channels  at  33  feet,  9-inch  channels  at  36  feet,  10-incli  chan- 
nels at  39  feet,  and  12-inch  channels  at  46  feet. 

As  a  general  thing,  the  diameter  of  the  pins  that  connect  the  mem- 
bers of  a  bridge  will  run  from  one-third  to  one-half  the  depth  of  the 
channels  used  in  the  chords. 

It  is  manifestly  impossible,  in  the  limits  of  a  paper  like  this,  to  go 
into  such  detail  as  will  enable  the  services  of  an  engineer  to  be  dispensed 
with.  As  in  medicine,  the  doctor  must  be  relied  on.  The  point  is  for 
business  men  to  determine  the  doctor's  ability  and  reliability. 
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WHAT  OUR  BAD  ROADS  COST  US. 


By  Clarence  Coleman,  Member  of  the  Association  of  Enc4INeers  of 

Virginia. 


[Read  October  17,  1894.*] 

In  point  of  conception  and  invention,  and  in  boldness  of  execution 
as  a  builder  of  the  highest  type  of  road  known  to  science  and  art,  the 
American  of  the  nineteenth  century  stands  pre-eminently  in  the  front 
rank.  Cities  teeming  with  busy  and  thriving  populations  have  sprung 
into  existence,  moved  by  the  potent  sign  of  the  iron  cross,  made  by  these 
knights  of  the  age  of  iron  and  steel.  Fair  fields  are  yielding  rich  har- 
vests and  paying  their  tribute  to  the  commerce  of  the  world  in  places 
that  would  have  been  inaccessible  without  the  grand  crusade  of  these 
modern  knights,  who  have  come,  not  like  the  knights  of  yore,  leading 
their  captives  in  their  train  and  bearing  their  trophies  on  their  shields, 
but,  like  the  avatar  of  progress  and  science,  leaving  their  indelible 
tracks  in  iron  and  steel  emblazoned  on  the  everlasting  rocks. 

The  capitalist  has  been  so  lavish  in  creating  and  fostering  these 
pathways  of  steel  that  to  day  170,637  miles  of  railway  in  the  United 
States  represent  in  capital  and  funded  debt  the  enormous  and  incompre- 
hensible sum  of  $10,268,169,042,  while  the  total  amount  of  money  in 
the  United  States  on  the  1st  of  July,  1893,  was  only  $2,323,402,392. 
The  general  government  has  given  200,000,000  acres  of  the  public 
domain  and  hypothecated  its  credit  for  $100,000,000  in  the  interest  of 
these  vast  schemes.  Certainly  the  arteries  of  the  country  have  been 
nourished  to  the  neglect  of  the  veins,  and,  as  in  the  physical  constitution 
of  the  animal  organization,  these  systems  of  circulation  are  so  correlated 
that  the  very  existence  of  the  body  corporate  depends  upon  their  syn- 
chronous development  and  action;  so  in  the  body  politic,  one  system  of 
internal  improvement,  created  and  magnified  to  the  utter  exclusion  of  its 
correlated  part,  destroys  the  equilibrium  of  its  own  creation  and  saps  the 
very  foundation  of  commercial  prosperity. 

It  is  no  marvel  that  the  human  mind  has  been  actually  entranced 
by  the  magnificent  possibilities  of  the  modern  railroad.  It  is  no  wonder 
that  the  tiller  of  the  soil  has  plodded  over  miles  of  highway  of  miry 
consistency  and  almost  fathomless  depth  to  oflTer  his  life  earnings  at  the 
altar  of  this  nineteenth  century  fetich.  We  would  not  deprecate  the 
advance  and  progress  of  this  great  factor  in  human  civilization,  nor 
can  we  deprecate  its   transcendent    results.     It  is  in  accordance  with 

*  Copy  received  February  28,  1895. — Secretary,  Ass^n  Eng.  Sacs. 
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the  natural  order  of  things  that  capital  should  seek  investment  in  the 
most  skillfully  managed  concerns  and  that  it  should  avoid  such  igno- 
minious failure  as  the  management  of  our  common  roads  presents. 
Had  the  improvement  of  our  highways  kept  pace  with  the  development 
of  our  railroads,  we  would  have  advanced  the  hands  on  the  clock  of 
progress  another  hundred  years. 

There  is  an  aphorism  of  political  economists  to  the  effect  that  "The 
civilization  and  prosperity  of  a  State  is  measured  by  the  condition  of  its 
highways."  Then,  if  we  are  prepared  to  recognize  the  value  of  good 
roads,  we  must,  by  au  inverse  process  of  reasoning,  admit  the  cost  of  bad 
roads.  If  we  could  follow  the  differentiations  of  value  in  the  one  case, 
and  of  cost  in  the  other,  it  would  not  be  difficult  to  determine  the  results  ; 
but  the  problem  presents  a  moral  as  well  as  a  mathematical  condition, 
and,  while  it  would  be  interesting  to  enter  into  the  domain  of  speculative 
philosophy  and  to  apply  the  axiom  of  cause  and  effect  to  each  particular 
ramification  of  this  comprehensive  subject,  it  will  perhaps  be  better 
suited  to  our  purposes  to  deal  with  actual  facts  as  they  unfortunately 
exist  with  us  in  this  State. 

To  arrive  at  any  definite  conclusions  in  regard  to  these  facts,  it  is 
necessary  to  institute  some  basis  of  comparison,  and  for  this  pnrpose  I 
have  selected  France  as  having  the  most  complete  and  perfect  system  of 
highways  in  the  world,  and  exhibiting  a  degree  of  domestic,  commercial, 
and  financial  prosperity  which  is  in  a  great  measure  due  to  the  equipoise 
of  her  system  of  internal  improvements. 

The  State  of  Virginia  comprises  an  area  of  40,125  square  miles,  and 
has  a  population  of  1,655,980,  or  41.27  inhabitants  for  each  square  mile 
of  area.  France,  with  an  area  of  204,000  square  miles  and  a  population 
of  38,125,395,  has  186.88  inhabitants  for  each  square  mile  of  area. 
Virginia  has  a  total  railroad  mileage  of  3,426.43,  or  11.71  square  miles 
of  territory  for  each  mile  of  railroad.  France  has  a  total  railroad  mile- 
age of  24,018,  or  8.49  square  miles  of  area  for  each  mile  of  railroad. 
Or,  reasoning  inversely,  Virginia  has  0.085  mile  of  railroad  for  each 
square  mile,  and  France  0.116  mile  of  railroad  for  each  square  mile  of 
territory.  Virginia  has  483.29  inhabitants  for  each  mile  of  railroad,  and 
France  has  a  poi)ulation  of  1,586.53  to  each  mile  of  railroad  ;  or  Vir- 
ginia has  10.92  feet  of  railway  to  each  inhabitant,  and  France  3.32  feet 
to  each  inhabitant.  Thus  it  is  seen  that  France,  with  a  little  more  than 
five  times  the  area  of  Virginia,  has  about  twenty-three  times  the  total 
population  of  the  latter — a  little  less  than  five  times  the  poppulatiou  per 
square  mile ;  but,  when  we  compare  area  with  railway  mileage,  it  is 
found  that  Virginia  has  only  3.22  square  miles  per  mile  of  railroad  in 
excess  of  France. 

^yhile,  under  the  conditions  of  population  in  the  two  countries,  the 
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last  comparisou  seems  anomalous,  we  will  not  need  to  seek  far  for  the 
solution.  When  we  consider  that  France  is  credited  with  130,000  miles 
of  macadam  or  stone  highways,  as  against  689  miles  for  Virginia,  we 
can  appreciate  the  facilities  of  transportation  possessed  in  that  country 
outside  of  its  railroads.  Thus  we  would  have  for  France  1.57  square 
miles  of  area  for  each  mile  of  macadam  road;  and  for  Virginia  58.23 
square  miles  for  each  mile  of  such  road. 

Again,  a  comparison  of  the  population  of  the  two  countries  with 
the  mileage  of  macadam  roads  shows  293.27  inhabitants  for  each  mile 
of  macadam  road  in  France,  and  2,403.45  inhabitants  for  each  mile  in 
Virginia. 

The  French  nation  has  certainly  given  the  world  assurance  of  what 
may  be  done  in  the  construction  and  maintenance  of  highways,  and  the 
thrift  and  prosperity  of  those  people  stand  as  an  everlasting  monument 
to  their  efforts  in  this  direction. 

I  am  well  aware  of  the  probable  opposition  in  this  State  to  any 
plan  that  carries  with  it  an  increase  of  taxation.  Since  that  eventful 
night  on  the  16th  of  December,  1773,  when  the  partisans  of  old  Samuel 
Adams  went  down  to  Boston  Harbor  and  cast  overboard  the  cargoes  of 
tea,  because  tea  meant  taxation,  the  average  American  has  had  a  most 
decided  distaste  for  any  visible  form  of  taxation.  He  prefers  to  take 
his  taxes  like  the  child  takes  his  medicine — disguised  by  aromatic  essen- 
ces, sweets  and  tinctures.  He  is,  in  fact,  a  species  of  sentimental  ostrich, 
happy  with  his  head  in  the  sand,  glorying  in  the  homely  saying,  "  Where 
ignorance  is  bliss,  'tis  folly  to  be  wise." 

Forty  years  ago  little  or  nothing  was  known  of  the  pathology  ot 
germ  diseases.  Bacilli  and  bacteria  were  unknown.  The  physician 
struck  out  wildly  and  impotently,  fighting  a  recognized  malignant, 
deadly  force,  with  no  knowledge  of  its  nature,  and  no  power  to  resist  its 
effects.  And  so  it  is  with  us.  We  are  battling  against  an  irresistible 
force  in  the  shape  of  an  invisible  but  not  unfelt  taxation,  and  we  are 
calmly  taking  our  rest  in  the  shade  of  this  deadly  upas  tree,  oblivious 
of  its  noxious  exhalations.  We  are  annually  paying  a  tribute  to  our 
bad  roads,  more  onerous  in  its  nature  and  more  certain  in  its  exaction 
than  the  oppression  which  incited  Americans  to  rise  and  declare  them- 
selves free  men.  Shall  we,  who  proudly  refused  to  be  the  minions  of 
government,  remain  forever  the  slaves  of  conditions,  fettered  with  the 
shackles  of  our  own  inaction,  and  trammeled  by  the  delusion  of  our 
hopes? 

We  plead  poverty  and  inability  to  raise  money  for  the  betterment 
of  our  roads,  and  we  have  been  annually  expending,  in  money  or  labor, 
an  amount  which,  under  skillful  and  trained  direction,  would  have 
placed  our  common  roads  upon  a  plane  where  at  least  they  would  not 
have  been  a  reproach  to  our  civilization. 
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As  near  as  I  can  ascertain,  there  was  expended  in  labor  and  money 
on  roads  in  Virginia  in  tlie  year  1893  an  amount  approxiinating  $600,- 
000.  So  it  can  be  readily  seen  that  we  are  maintaining  our  own  roads 
at  immense  expense,  a  very  small  proportion  of  this  money  and  labor 
being  used  in  the  construction  of  permanent  highways.  The  treatment 
may  be  said  to  be  entirely  palliative.  Our  roads  are  no  better  than 
they  were  the  year  before,  and  year  after  year  this  patchwork  goes  on 
with  few  permanent  results. 

Now,  let  us  assume  that  during  the  past  twenty  years  $300,000, 
had  been  spent  on  permanent  improvement  each  year,  and  that  the 
average  cost  of  this  work  had  been  $1,250  per  mile,  we  would  have  to- 
day 4,800  miles  of  permanent  road,  or  48  miles  to  each  county  in  the 
State. 

It  is  stated  on  good  authority,  that  in  Union  County,  N.  J.,  by 
reason  of  the  improved  system  of  road  construction  and  maintenance, 
farming  lauds  are  estimated  at  an  average  of  $206  per  acre,  as  against 
the  average  value  of  $65  per  acre  for  the  entire  State. 

It  is  not  necessary  that  we  should  take  such  an  example  as  that  to 
show  what  we  are  paying  for  our  miserable  roads,  but  from  very  con- 
servative figuring  it  can  be  demonstrated  that  we  are  paying  enough  to 
build  and  maintain  a  thorough  system  of  highways  throughout  the 
State. 

The  assessed  value  of  land  in  Virginia  for  the  year  1893  amounted 
to  $126,990,053.  Now,  it  is  certainly  reasonable  to  assume  that  those 
values  would  be  increased  by  not  less  than  20  per  cent,  with  a  good 
system  of  roads,  which  would  give  an  increase  in  value  of  $25,398,- 
010.60,  interest  on  which,  at  6  per  cent.,  amounts  to  $1,523,880.63. 
Now,  that  amount  of  interest  represents  the  increment  of  a  value  we 
should  possess  under  the  desired  conditions,  and  is,  therefore,  an  annual 
charge  against  the  State  on  account  of  bad  roads. 

I  have  figured,  from  the  Statistical  Abstract  of  the  United  States 
for  1893,  that  our  principal  crops  of  corn,  wheat,  potatoes,  and  tobacco 
amount  to  1,265,782  tons  of  2,000  pounds.  I  omit  all  other  products,  as 
lumber,  mineral,  and  other  crops,  as  an  offset  against  that  part  of  the 
crops  which  may  be  consumed  at  home,  and  taking  2,000  pounds  as  an 
average  load  and  10  miles  as  the  average  haul,  we  have  12,657,820  ton- 
miles,  which,  at  25  cents  per  ton-mile,  represents  $3,164,455  as  the  total 
cost  of  hauling  all  products  to  railroad  or  market.  Now  if,  under  the 
proposed  conditions  of  good  highways,  the  average  load  can  be  increased 
to  even  4,000  pounds,  then  we  are  again  paying  each  year  $1,582, 227. 50 
for  our  bad  roads.  But  if  we  can  haul  the  load  of  4,000  pounds  in 
four-fifths  of  the  time  required  to  haul  the  load  of  2,000  pounds  on  the 
unimproved  road,  then  we  effect  a  saving  in  cost  of  $612,891,  and  that 
amount  must  be  charged  to  the  account  of  bad  roads. 
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Then,  taking  the  assessed  value  of  all  vehicles  iu  the  State  at 
$3,051,783,  and  estimating  annual  depreciation  under  present  conditions 
at  10  per  cent.,  it  is  perfectly  reasonable  to  assume  that  under  the 
proposed  condition  5  per  cent,  would  cover  depreciation,  thus  giving 
another  charge  of  $151,586.90. 

And  finally,  taking  the  assessed  value  of  horses  and  mules  at 
$13,495,932,  and  allowing  that  with  good  roads  we  can  reduce  the 
present  cost  of  feeding  and  depreciation  of  stock  to  an  extent  repre- 
sented by  3  per  cent,  of  value,  we  have  $404,877.96.  Then  v.'e  may  sum 
up  the  annual  cost  of  bad  roads  iu  Virginia  as  follows  : 

To  interest  on  depreciation  of  land §1,523,880  63 

To  additional  cost  of  hauling 1,582,227  50 

To  loss  of  time  in  hauling .  612,891  00 

To  depreciation  of  vehicles    .    .    .■ 151,586  90 

To  depreciation  of  horses  and  mules 404,877  96 

Chargeable  to  bad  roads $4,275,463  99 

Professor  Eley  has  estimated  that  the  loss  per  horse  per  annum  on 
account  of  bad  roads,  amounts,  in  the  United  States,  to  $15,  and, 
figuring  on  that  basis  for  the  State  of  Virginia,  we  would  have  290,567 
horses  at  $15,  or  $4,358,505,  as  the  cost  of  bad  roads,  or  $14.78  for  each 
horse  instead  of  $15.  I  thought  his  figures  too  high  until  I  made  these 
calculations,  but  I  am  now  convinced  that  they  are  perfectly  reasonable. 

If  my  reasoning  on  this  subject  of  the  cost  of  bad  roads  is  cor- 
rect, wp  are  losing  in  this  State  $11,713.60  for  each  day  in  the  year,  or 
$2.58  per  annum  for  each  unit  of  population.  If  we  had  the  use  of  the 
money  chargeable  to  bad  roads,  we  could  construct  1,710  miles  of  the 
best  class  of  macadam  roads  each  year,  and  in  fifteen  years  our  road 
system  would  be  on  a  plane  with  that  of  France. 

According  to  these  figures,  our  bad  roads  are  costing  us  $2,478,918.97, 
more  than  the  total  tax  collected  in  the  State,  which,  in  1893,  amounted 
only  to  $1,996,545.02,  or,  considering  the  total  taxable  values  of  the 
State  for  1893,  we  are  paying  a  little  more  than  1.068  per  cent,  on  that 
amount. 

This  invisible  but  insidious  tax  is  none  the  less  fatal  to  our  pros- 
perity because  it  is  not  gathered  by  the  tax  collector.  On  its  list  there 
are  no  delinquents,  and  there  can  be  no  evasion  of  payment.  It  reaches 
every  class,  creed  and  condition. 

When  the  Roman  emperors  built  thousands  of  miles  of  their 
magnificent  highways  all  over  Europe,  they  were  conferring  a  priceless 
boon  upon  unborn  nations,  but  they  were,  in  fact,  simply  emerging  from 
conditions  which  threatened  to  destroy  their  empire  and  extinguish 
their  greatness.  But,  nevertheless,  those  roads  remain  to-day  as  exam- 
23 
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pies  of  the  highest  art  in  highway  coustructiou,  and  the  pretoriau  roads, 
that  echoed  to  the  tread  of  Csesar's  legions,  now  resound  under  the 
wheels  of  modern  ordnance. 

It  is  a  sad  travesty  upon  our  nineteenth  century  civilization  that 
here  in  Virginia,  the  mother  of  States,  where  thousands  of  miles  of 
difficult  railroads  have  been  located  and  built,  requiring  the  best  skill  of 
the  engineer  and  the  unstinted  treasure  of  the  capitalist,  the  locus  of 
the  first  practical  system  of  electric  railway,  a  world  teacher  in  the  art 
of  tunnel  construction,  with  geographic,  geological  and  climatic  condi- 
tions supplemented  by  unparalleled  economic  resources,  we  are  still  in 
the  very  infancy  of  the  art  of  building  and  maintaining  our  public 
highways. 

"  Though  the  mills  of  God  grind  slowly,  yet  they  grind  exceeding 
small ;"  and  so,  with  the  accumulated  grist  of  our  four  hundred  years, 
gained  under  the  nether  stone  of  experience,  we  are  ready  to  rise,  and, 
with  the  same  spirit  which  prompted  our  forefathers  to  wrest  from  King 
John  the  great  charter  of  human  liberty,  we  are  to-day  prepared  to 
set  about  the  establishment  of  that  equilibrium  in  our  system  of  internal 
improvement  which  is  no  less  essential  in  political  than  in  natural 
economy.  It  is  in  evidence,  and  attested  to-day  by  the  presence  of 
representative  men  from  every  part  of  this  broad  commonwealth,  that 
the  term  of  our  bondage  is  closing  and  the  day-star  of  a  brighter  era 
has  appeared. 

I  am  filled  with  faith  as  to  the  result  of  the  work  of  this  Conven- 
tion. It  is  the  first  time  in  the  history  of  our  State  that  such  an 
assemblage,  for  such  a  purpose,  has  ever  been  convoked,  and  it  has  come 
to  pass  as  a  necessity  born  of  conditions.  I  know  my  people  and  I 
honor  their  history  and  traditions,  which  teach  me  that  when  once  they 
have  determined  upon  the  accomplishment  of  a  purpose  there  is  no 
looking  backward  until  the  goal  is  reached. 

Through  me,  their  unworthy  representative,  and  my  worthy  col- 
leagues, the  Association  of  Engineers  of  Virginia  sends  you  greetings 
and  Godspeed  in  the  great  work  you  have  undertaken,  and  I  know  that 
this  Convention,  carrying  with  it  the  good  wishes  of  every  Virginian 
who  loves  his  State,  will  address  itself  to  the  task  of  reform  in  road 
laws  with  a  resolute  determination  that  recognizes  no  such  word  as 
"f\iil." 
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By  Georc4e  H.  Mexdell,  Member  op  the  Technical  Society  of  the 
Pacific  Coast. 

[Read  May  4,  1894.*] 

The  folloAviiig  notes  and  remarks  result  from  recent  experience  in 
construction  of  fortifications  in  concrete,  near  Fort  Point,  in  this  harbor. 
They  necessarily  have  a  local  flavor,  and  for  this  reason — and  as  afford- 
ing examples  of  the  cost  of  a  particular  kind  of  work  in  our  neighbor- 
hood— it  is  hoped  that  they  may  possess  some  interest. 

Concrete  is  a  hackneyed  subject  about  which  it  may  be  thought  that 
little  can  be  said  that  has  not  been  said  before.  Yet  it  is  always  inter- 
esting by  its  varieties  of  fabrication  and  application,  and  is  not  at  once 
exhaustible.  Moreover,  there  is  always  something  suggestive  in  ac- 
counts of  local  operations  kindred  to  those  in  which  we  are  or  have  been 
engaged. 

Concrete  is  an  agglomeration  of  the  commonest  fragments  of  stone 
and  sand  converted  into  a  monolith  by  addition  of  water  mixed  with 
other  common  things,  namely,  impure  clay  and  carbonate  of  lime, 
calcined  and  pulverized.  The  cementing  material  has  the  special  qual- 
ity of  hardening  in  water,  from  which  it  derives  its  name — hydraulic 
cement. 

These  materials,  mixed  in  due  proportions,  shortly  become  a  solid 
mass,  which  grows  in  hardness  and  strength  for  months.  This  is  con- 
crete. It  has  a  wide  application  and  usefulness.  It  is  the  pavement 
under  our  feet,  the  foundation  or  walls  of  the  house  in  which  we  live, 
the  arch  or  lintel  which  covers  our  heads,  the  reservoir  which  impounds 
the  water  supply,  the  dam  which  directs  or  divides  a  river,  the  break- 
water which  withstands  the  blows  of  the  waves.  It  bears  steady  loads 
of  10  tons  or  more  per  square  foot,  and  200  tons  or  more  per  square  foot 
are  required  to  crush  it.  The  rupturing  or  tensile  strain  may  be  100 
or  more  pounds  per  square  inch.  These  powers  of  resistance,  both  com. 
pressive  and  tensile,  vary  with  the  character  and  proportions  of  the  in- 
gredients, and  they  may  be  adjusted  to  the  requirements  of  any  special 
construction. 

The  art  of  compounding  the  ingredients  is  simple,  and  may  soon  be 
learned  by  men  of  ordinary  intelligence.  The  ingredients,  so  far  as  they 
are  natural,  are  found  everywhere,  and  wherever  found  -they  are  com- 
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mou  and  cheap.  The  artificial  ingredient,  the  least  in  quantity — namely, 
cement — is  comparatively  costly,  and  for  this  reason  it  needs  to  be  used 
with  judgment  and  discretion,  not  too  lavishly. 

When  we  take  account  of  the  many  varieties  of  sand  and  stone  in 
the  world,  ranged  by  mineralogical  composition  or  physical  qualities  of 
form,  size,  weight  and  hardness,  and  the  differences  in  cement  due  to 
process  of  manufacture  and  character  of  ingredients,  and  reflect  that 
every  variation  in  material  or  process  of  manufacture  leaves  its  mark 
upon  the  final  product,  we  see  that  concrete  is  not  one  but  legion. 

Even  here,  with  a  limited  range  of  variety  in  materials,  the  term 
is  common  to  many  products  which  vary  much  in  cost,  value,  strength 
and  applicability. 

It  is  an  important  part  of  professional  knowledge  and  judgment  to 
select  from  these  possible  concretes  the  one  that  is  best  adapted  for  the 
construction  in  hand.  We  may  say  the  best  and  the  cheapest,  for  the 
engineer  is  bound  to  do  his  work  economically.  He  must  not  use  ten- 
dollar  concrete  in  applications  where  six-dollar  concrete  would  do  as 
well  or  better.  It  is  not  paradoxical  to  say  that  a  meagre  concrete  is, 
for  some  purposes,  better  than  a  more  costly  product  richer  in  cement. 

This  matter  touches  the  ethics  of  the  engineer's  profession.  We 
ai'e  bound  to  do  work  well,  and  are  also  bound  to  do  it  as  economically 
as  possible.  A  mistake  of  too  costly  construction,  made  by  an  engineer 
of  experience,  may  be  likened  to  a  misdemeanor  in  law,  or  worse. 

The  desire  to  make  the  work  certainly  good  enough,  naturally  sug- 
gests liberal  use  of  cement.  There  are  circumstances  where  free  use  of 
cement  is  judicious  and  necessary;  but  in  many  cases  the  builder  may 
find  reward  and  economy  in  a  careful  study  of  materials  in  their  bear- 
ing upon  the  cost  of  masonry. 

There  are  standing  at  the  door  of  the  ofiice,at  the  Fort  Point  Works, 
two  blocks  of  concrete  of  Portland  cement,  the  matrix  being  one  cement 
to  five  sand.  These  blocks  are  samples  of  a  cheap  and  fair  concrete, 
about  two  cubic  yards  to  a  barrel  of  cement.  It  weighed  148  pounds  to 
the  cubic  foot  when  three  months  old,  which  is  more  than  the  weight  of 
a  richer  product.  In  a  construction  where  weight  is  particularly  re- 
quired, and  where  there  is  nogreat  strain,  and  plenty  of  time  to  strength- 
en, this  character  of  concrete  might  be  as  fit  as  a  richer  compound. 

The  quality  of  concrete  is  generally  defined  by  the  proportions  in 
volume  of  the  solid  ingredients,  the  cement  being  taken  as  unity.  When 
a  barrel  of  cement  is  taken  as  the  unit,  there  is  danger  of  confusion  of 
ideas,  for  the  reason  that  a  barrel  may  be  taken  to  mean  either  one  of 
several  volumes.  The  cubical  contents  of  a  barrel  of  Portland  cement 
have  been  found  to  vary  from  about  3^  to  about  82  cubic  feet.  The 
cement  is  packed  more  or  less  closely  by  difl!erent  makers.     The  gross 
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weight  is  found  to  be,  with  a  little  variation,  400  pounds;  the  net  weight 
about  375  pounds  per  barrel.  When  poured  out  loosely  on  a  platform, 
and  measured  by  means  of  a  cubical  box,  not  shaken,  the  contents  of  a 
barrel  make  about  4j  cubic  feet.  Converted  into  a  paste  by  addition  of 
about  two  cubic  feet  of  water,  the  volume  becomes  about  four  cubic  feet. 

If  we  take  a  formula  for  our  mortar  of  any  given  proportion  of 
sand,  say  three  volumes  to  one,  the  amount  of  sand  for  a  barrel  of  cement 
may  be  about  10,  or  12,  or  ISi  cubic  feet,  accordingly  as  we  take  the 
volume  of  a  barrel  of  cement  to  be  3^ — as  it  is  when  compacted — or  4 
feet  in  paste,  or  4?  feet  in  loose  volume.  The  clearest  formula  is  ex- 
pressed in  a  given  number  of  cubic  feet,  both  of  sand  and  rock,  to  a  bar- 
rel of  cement. 

The  volume  of  paste  is  the  best,  we  may  say  the  scientific,  unit,  but 
it  may  be  either  of  the  three  under  the  condition  that  it  be  defined.  In 
the  operations  at  Foit  Point  three  parts  of  sand  are  understood  to  bel3j 
cubic  feet  per  barrel  of  cement.  Thus  understood,  the  pi-oportions  of  one 
cement,  three  of  sand,  and  eight  of  rock  and  gravel,  which  constituted 
the  formula  usually  employed,  gave  a  volume  of  concrete  in  place  about 
equal  to  the  volume  of  the  stone  used,  that  is,  for  one  barrel  of  cement, 
36  cubic  feet  of  concrete,  or  1;}  cubic  yards. 

The  quantity  of  water  required  with  dry  materials  is  about  four 
cubic  feet  per  barrel  of  cement.  The  rule  is  to  mix  the  concrete  with 
a  minimum  of  water,  and  to  tamp  it  until  water  gathers  on  the  surface. 
In  hot,  sultry  days,  the  evaporation  being  rapid,  it  was  found  necessary 
to  mix  with  more  water.  The  stone  used  was  quarried  at  Angel  Island, 
in  sizes  suitable  for  a  "  Gates  "  crusher,  delivered  on  the  wharf  at  Fort 
Point,  hauled  in  wagons  to  the  crusher,  which  delivered  it  to  the  mixer, 
into  which  all  the  ingredients  were  fed  automatically.  The  mixing  was 
continuous.  The  concrete  was  delivered,  at  the  mouth  of  the  revolving 
cylindrical  mixer,  into  cars  holding  twenty  cubic  feet.  When  a  car  was 
filled,  the  door  of  the  mixer  was  closed  for  a  minute,  during  which  a 
second  car  was  put  in  place,  and  during  this  minute  the  concrete  accu- 
mulated in  the  mixer. 

This  continuous  mixer  has  obvious  advantages,  but  there  is  diffi- 
culty in  automatically  delivering  materials  in  stated  proportions.  The 
original  arrangement  of  the  supply  hoppers  was  modified,  and  bettered, 
as  a  result  of  our  experience,  so  that  at  last  the  desired  result  was 
measurably  attained. 

The  cost  of  concrete  per  cubic  yard,  in  place,  distributed  among 
the  ingredients  was,  when  made  in  mixer,  as  follows: 
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Portland  cement $1  82 

Stone 1  40 

Gravel      35 

Sand 29 

Water       4 

Crushing,  mixing,  transporting  and  ramming 80 

Total §4  70 

The  cars  Avere  pushed  by  two  men  to  the  place  of  deposit,  a  vari- 
able distance  of  100  to  200  yards,  and  discharged  from  a  ti-amway 
through  a  height  which  was  30  or  more  feet  at  the  beginning,  diminish- 
ing to  3  or  4  feet  at  the  close.  The  concrete  was  then  shovelled  into 
wheelbarrows,  and  wheeled  20  to  40  feet.  The  structure  is  a  great 
mass,  being  about  60  feet  long,  40  feet  wide,  and  30  feet  in  height. 

The  following  is  a  record  of  several  weeks  of  work  : 

Materials  Used. 

Broken  stone 1,500  cubic  yards 

Gravel 475  " 

Sand 572 

Portland  cement,  1317  barrels 220  " 

Total      2,767  cubic  yards. 

Volume  of  concrete  measured  by  cars  of  20  feet  capacity,  2,433 
cubic  yards.     Volume  compacted,  1,825  cubic  yards. 

A  car-load  of  20  feet  of  loose  concrete  was  found,  in  different 
experiments,  to  make  15  to  15  j  cubic  feet,  compacted.  The  quantity  of 
compacted  concrete,  1,825  cubic  yards,  is  practically  two-thirds  of  the 
loose  volumes,  namely :  2,767  cubic  yards.  No  account  of  Avater  is 
taken  here. 

Gravel  and  sand  are,  to  some  extent,  interchangeable,  so  far  as 
sizes  are  concerned,  and,  to  bring  the  results  just  given  into  relation  with 
the  formula,  we  need  to  class  about  100  yards  of  gravel,  more  or  less,  as 
sand. 

The  cost  given — namely,  $4.70  per  yard — includes  no  charge  for 
timbering,  or  for  incidental  expenses,  other  than  the  pay  of  the  foreman 
and  the  men   directly  employed.     The  day  is  eight  hours,  the   pay  of 
foreman   .$4.00   per  day,  and  of  the  men   $2.00.     Cement  cost  S2.50, 
The  emi)ty  barrels  furnished  fuel. 

Another  example  of  concrete,  placed  in  smaller  masses — under  very 
different  circumstances — is  found  in  the  piers  of  the  steel  bridge  at 
Alameda. 

The  cement  was  furnished  in  this  city  to  the  contractor,  who  had  no 
pecuniary  interest  or  risk  in  it,  except  to  transport  and  care  for  it.     The 
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cost  of  cement  was  $2.93  per  barrel.  The  quantity  of  concrete  distributed 
in  five  piers  was  2,352  cubic  yards,  consuming  1,940  barrels  of  Portland 
cement.  One  barrel  gave  1.2  cubic  yards  in  place.  The  contractor  was 
paid  $4.90  per  cubic  yard  for  making  and  placing  concrete,  and  supply- 
ing all  labor  and  materials,  except  cement.  The  cost  of  the  concrete  to 
the  United  States,  including  service  of  an  inspector,  was  $7.36  per  cubic 
yard.     A  continuous  mixer  was  used. 

The  following  accounts  of  experiments  are  in  our  records: 

First  Case. 

1  barrel  of  Portland  cement,  measured  loose  ....  4.  -f.^  cubic  feet. 

Water  added  2 

Volume  of  stiff' paste  resulting 4  " 

Moist  sand  of  medium  coarseness  added 10|  " 

Water  added 2 

Volume  of  quite  wet  mortar  resulting d^  " 

Gravel,  sizes  f^'' and  less,  added 36i  " 

Amount  of  loose  concrete 454  " 

Amount  tamped  in  place 371  " 

Remark : — Tliere  seems  to  be  a  suspicion  of  error  in  the  volume  of  mortar,  to 
the  extent  of  one  measure — a  cubic  foot  box.  Volume  of  mortar  perhaps  ought  to 
be  lOJ  instead  of  9^. 

Second  Case. 

1  barrel  of  cement,  loosely  measured 4  58   cubic  feet. 

Water 1.75  '' 

Volume  of  paste 3.8  " 

Sand  3  volumes  of  paste 11.4  " 

Water 2.5 

Volume  of  mortar, 12.3  " 

Gravel,  in  sizes  of  beans  and  smaller 36.9  " 

Volume  of  loose  concrete 43.23  " 

Tamped  volume  not  measured. 

Third  Case.    Barrel  of  3i  Cubic  Feet. 

Volume  of  loose  cement 4'  cubic  feet. 

Water l]l 

Volume  of  paste 3;i  " 

Sand 13^  " 

Water • 2  " 

Volume  of  mortar 14  " 

REMARKS. 

The  varieties  in  forms  and  sizes  of  materials  are  so  great,  and  personal 
equations  are  so  different,  that  rules  as  to  quantities  to  result  from  com- 
binations of  materials  in  different  proportions,  cannot  be  made  precise. 
Each  person  is  apt  to  fiud  the  rules  derived  from  his  own  experience  to 
differ  from  those  established  by  others.     Measurements  of  materials  vary 
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with  the  manner  of  making  them.  The  writer  has  chosen  to  make  all 
measurements  loose — that  is,  the  vessels  are  not  shaken  to  settle  the 
materials  to  a  smaller  volume. 

Moreover,  the  void  spaces,  howsoever  the  measurements  be  made? 
vary  with  the  sizes  and  variation  in  sizes.  This  is  illustrated  in  the  first 
case,  in  which  the  voids  in  36^  cubic  feet  of  gravel  are  more  than  filled 
with  91  or  iOl  (if  the  latter  be  correct)  of  mortar.  Ordinarily,  voids 
are  33  to  40  per  cent.  In  this  case  they  amount  to  about  25  per  cent., 
and  are  accounted  for  by  the  fact  of  variation  in  sizes  from  l-inch  to 
that  of  bird  shot. 

The  advantage  of  graded  sizes  in  broken  stone  is  clearly  shown. 
The  voids  being  thereby  reduced,  a  given  quantity  of  mortar  will  take 
more  stone  and  make  more  concrete. 

According  to  the  experience  of  the  writer,  a  matrix  of  10  feet  of 
loose  sand  to  1  barrel  of  Portland  cement  will  suffice  for  about  27  feet 
of  suitable  broken  stone,  and  will  make  about  1  yard  of  concrete  in 
place.  If  we  use  13  to  14  feet  of  sand  we  can  make  IJ  cubic  yards  of 
concrete  to  a  barrel.  With  22  feet  of  sand  we  ought  to  get  about  2 
yards  to  a  barrel. 

CHARACTERISTICS    OF   CEMENTS. 

Particular  care  was  had  in  selecting  the  sand  used  in  this  work. 
It  is  believed  to  be  the  best  that  can  be  conveniently  obtained  for 
concrete.  It  is  coarse,  running  into  gravel,  mixed  with  fine — clean  and 
sharp.     It  was  collected  on  the  beaches  adjacent  to  Fort  Point. 

The  usual  tests  for  tensile  strengtl),  by  breakage  of  briquettes,  made 
neat  of  salt  and  fresh  water,  and  with  different  doses  of  sand,  of  ages  from 
1  to  7-28  days,  and  varying  to  a  year,  were  kept  up  during  the  progress 
of  the  work,  and  recorded. 

The  tensile  record,  particularly  with  neat  briquettes,  is  good  for  all 
cements  used.  The  tests  of  briquettes  dosed  with  sand,  seem  to  be  more 
discriminating  than  with  neat  briquettes.  It  is  observed  that  while  two 
cements  gauged  neat  may  not  show  great  differences  in  tensile  strength^ 
yet  notable  variations  appear  when  gauged  with  sand,  the  fine  ground 
cements  showing  greater  strength  than  the  coarser. 

The  sieves  used  for  determining  fineness  were  bought  in  this  city. 
They  are  graded  by  the  maker  as  50-70-100  to  the  lineal  inch.  In 
fact  the  first  two  contain  respectively  about  2,250  and  4,200  meshes  to 
the  square  inch.  They  are  referred  to  in  tliis  paper  under  the  maker's 
grades.     The  meshes  in  the  third  could  not  be  conveniently  counted. 

The  sieves  being  arranged  in  column,  the  coarsest  on  top  and  the 
finest  on  the  bottom,  a  charge  of  1,000  grains  of  cement  is  placed  in  the 
upper  sieve,  and  all  are  dvdy  shaken.     This  operation  completed,  you 
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have  4  portions  graded  in  order  of  fineness,  which  are  then  separnfoly 
weighed. 

The  annexed  table  represents  the  mean  results  of  several  tests  with 
each  of  six  brands  of  cement  of  good  standing. 

Table. 


Cements. 

Passed  50. 

Passed  70. 

Passed  100. 

No.  1 

980 

953 

869 

"   2 

929 

844 

736 

"   3 

9S9 

948 

833 

"    4 

925 

863 

771 

"   5 

969 

895 

764 

"    6 

927 

873 

788 

The  .sieve  wires  are  respectively  Nos.  35,  37  and  40,  American  gauge. 

The  respective  mesh  areas  of  tlie  50  and  70  sieves,  so-called,  are  approximately 
3,600  and  8,500  to  the  square  inch. 

If  there  were  100  meshes  to  the  inch  in  the  100-sieve,  the  mesh  area  would  be 
21,000  to  the  square  inch. 

There  is  some  ground  to  think  that  the  mesh  area  of  this  sieve  is  not  far  from 
17,000  to  the  square  inch. 

The  portion  of  one  of  the  fine  ground  brands  which  passed  the  100 
sieve,  was  made  with  three  parts  of  sand,  by  weight,  into  eight  bri- 
quettes, and  broken  at  ages  of  127  to  129 'days.  The  tensile  strength 
per  square  inch  varied  between  a  minimum  of  387  pounds  to  a  maximum 
of  442,  with  an  average  of  417  pounds.  The  same  cement,  ungraded,  with 
three  parts  of  sand,  120  days  old,  gave  a  mean  of  333  with  thirty  briquet- 
tes. The  portion  which,  having  passed  the  70  sieve,  was  refused  by  the 
100  sieve,  was  similarly  dosed  with  sand  and  made  into  four  briquettes, 
which  broke  at  127  days  with  strain  per  square  inch  of  57  pounds-65-75. 
The  fourth  briquette  broke  without  strain.  The  portion  which,  having 
passed  the  50  sieve,  was  refused  by  the  70,  treated  in  five  briquettes  at  the 
same  age,  broke  at  48  to  58  pounds.  Three  briquettes,  with  three  parts 
of  sand,  left  in  moulds  thirty  hours,  broke  on  removal  or  fell  apart  when 
placed  in  water. 

This  experiment  suggests,  so  far  as  it  goes,  that  in  the  usual  appli- 
cations with  sand,  the  valuable  part  of  cement  is  found  in  the  finest 
grains.  The  next  grade  in  fineness  shows  little  comparative  strength, 
the  next  still  less,  and  the  coarsest  none  at  all.  Yet  the  coarsest  grains, 
when  sufficiently  pulverized,  develop  hydraulicity.  It  remains  to 
determine  whether  or  not  time  can  add  value  to  the  coarser  grains.  A 
sample  was  recently  sent  for  test,  which  is  represented  to  be  a  finer 
grinding  of  one  of  the  coarse  brands  of  the  table,  to  about  the  scale  of 
the  finest.     It  showed  great  improvement  in  strength  by  finer  grinding. 
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The  writer  received  from  a  manufacturer  on  the  continent  of 
Europe  the  following  statement,  which  is  here  given  for  what  it  is  worth : 
"Dividing  Portland  cement  into  four  grades  of  fineness,  by  sieves  of  324-900  and 
5,000  meshes  to  the  square  centimeter,  which  correspond  to  2,100,  5,800  and  32,000 
to  the  square  incli,  it  is  found  that  while  the  finest.  No.  4,  is  most  active,  yet 
No.  3  will  equal  it  in  strength  in  reasonable  time ;  No.  2  will,  after  a  year  in 
water,  form  a  compact  mass,  with,  however,  no  great  power  of  resistance.  No.  1 
will  always  remain  inert." 

According  to  this  rule,  the  best  examples  found  here  show  at  least 
5  per  cent,  of  useless  grains,  while  some  brands  show  15  per  cent.,  or  more. 

It  is  claimed  for  finely  ground  cements  that  they  take  more  sand. 
This  means  that  a  less  proportion  of  cement  to  sand  will  give  an  equally 
good  mortar. 

Assuming,  for  the  purpose  of  illustration,  the  numbers  already  quoted, 
namely,  417  pounds  for  sifted  and  333  pounds  for  unsifted,  to  express 
the  relations  between  these  samples,  it  would  appear  that  the  first,  with 
five  parts  of  sand,  and  the  second,  with  four  parts,  would  produce  mortars 
of  equivalent  tension.  So  far  as  this  goes,  the  value  of  the  first  cement  is 
about  one-fourth  more  than  that  of  the  second.  Without  insisting  upon 
the  exactness  of  this  deduction,  we  may  at  least  see  that  a  builder  can 
afford  to  2:)ay  something  for  fineness. 

It  was  found  that  while  very  fine  ground  cement  gave  the  best 
results  when  mixed  with  sand,  yet  a  neat  briquette  made  of  the  finest 
ground  part  of  a  cement  is,  at  least  at  some  ages,  not  generally  so 
strong  to  resist  tension  as  a  neat  briquette  made  of  the  same  cement 
ungraded. 

A  notable  difference  is  observable  in  the  quality  of  packing  and 
the  soundness  of  barrels  in  which  cement  is  imported.  A  good  barrel 
suggests  good  contents.  Bad  barrels  involve  loss  both  in  cooperage 
and  in  the  quality  of  the  cement.  As  a  general  rule,  a  preference  is  to 
be  given  to  the  best  packages.     The  best  are  tongued  and  grooved. 

It  is  to  be  said,  for  all  the  standard  brands  known  to  the  writer, 
that  no  indication  of  free  or  uncombiued  lime  has  been  detected  in  any 
of  them. 

HAND-MADE    CONCRETE, 

Much  the  greater  part  of  the  concrete  was  made  in  a  mixer,  yet  a 
considerable  quantity  was  mixed  by  hand.  During  August,  1892,  a 
gang  of  twenty  men  was  employed,  under  a  foreman,  in  hand  mixing. 
The  foreman  received  $4.00  per  day,  and  the  men  $2.00  for  eight  hours. 

The  average  daily  output  was  45  cubic  yards,  and  the  cost  almost 
exactly  $1.00  })er  yard  for  labor  of  mixing  and  placing.  The  work  was 
done  in  batches  of  4  barrels  of  cement,  and  144  cubic  feet  of  broken  rock 
and  gravel,  erivinsj  the  same  amount  of  compacted  concrete. 
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The  nianuer  of  making  was  this,  namely  :  The  materials  were  grouped 
in  the  most  convenient  manner  about  a  large  platform  of  plank,  upon 
which  the  mixing  was  done.  Upon  this  platform  the  stone  and  gravel, 
measured  in  wheelbarrows,  were  placed  in  a  stratum  of  even  thickness. 
Upon  this  sand  was  wheeled,  and  leveled  with  a  straight-edge.  The 
cement,  also  leveled,  formed  the  top  stratum.  Water  was  added  in  the 
turuing.  The  materials  were  turned  twice,  and  carefully  dispersed  in 
the  act  of  turning,  which  is  important.  A  third  turning  resulted  from 
shoveling  into  wheelbarrows,  an<l  a  fourth  iu  its  distribution  over  the 
building.  The  mass  of- the  building  was  large.  There  was  no  ascent  in 
wheeling,  and  the  distances  were  short. 

The  men  were  a  picked  lot — a  sort  of  evolution  from  a  great  number 
of  laborers;  and,  taken  altogether,  the  circumstances  were  exceptionally 
favorable. 

It  will  be  remembered  that  the  labor  cost  of  making  by  machine  and 
placing  has  been  given  at  80  cents,  which  included  crushing  rock.  Mak- 
ing allowance  for  the  cost  of  crushing,  the  result  of  comparison  of 
machine  and  hand  making,  the  latter  under  the  most  favorable  circum- 
stances, gives  the  result  that  hand-made  costs  about  50  per  cent,  more 
than  machine  made,  in  the  item  of  labor. 

Doubtless,  under  average  conditions  the  comparison  would  be  more 
favorable  to  the  mixer. 

The  weight  of  concrete  three  months  old,  as  made  at  Fort  Point,  is 
143  pounds  per  cubic  foot. 
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REGUXATIOXS  GOVERXII^G  THE  ERECTION  OF  BUIED- 

IXGS,  APPEICABIiE  TO  CITIES  IIAVIIXG  A  POPULA- 

TIOX  OF  FROM  10,000  TO  30,000. 


Compiled  by  the  Association  op  Engineers  of  Virginia. 


Approved  and  adopted  June  23,  1894,  by  the  City  of  Eoanoke,  Va. 

1.  Be  it  ordained  by  the  Common  Council  for  the  City  of  Roanoke. 
That  before  the  erection,  construction,  alteration  or  extension  of  any 
building  or  part  thereof  in  the  city  is  begun,  the  owner,  builder,  or 
architect  shall  submit  to  the  City  Engineer  a  clear  statement  of  the 
material  to  be  used  and  the  mode  of  construction  of  the  proposed  build- 
ing or  alteration,  with  the  plans  and  specifications,  said  statement  to  be 
in  writing  on  suitable  blanks  to  be  furnished  by  the  City  Engineer  for 
that  purpose,  and  no  building  or  part  thereof,  alteration  or  extension 
shall  be  commenced  until  the  owner  or  builder  shall  have  received  from 
the  City  Engineer  a  certificate  of  permit  specifying  the  material  of 
which  the  outer  walls  and  outer  covering  of  the  roof  of  said  building  is  to 
be  composed,  the  street  upon  which  and  the  distance  therefrom  at  which 
said  building  is  to  be  placed,  a  copy  of  which  shall  be  filed  in  the  office 
of  the  City  Engineer  under  the  date  of  its  issue,  and  said  permit  shall 
be  issued  by  the  City  Engineer  after  examination  of  the  plans  and  speci- 
fications or  detailed  description  ;  provided  they  are  in  conformity  with 
this  ordinance.  If  a  building  or  alteration  or  extension  of  a  building 
shall  be  begun  without  said  certificate  of  permit,  the  builder  and  owner 
shall  both  be  deemed  to  have  violated  this  ordinance. 

2.  It  shall  be  the  duty  of  the  said  City  Engineer  to  examine  the 
condition  of  all  buildings  undergoing  alteration  or  being  erected  within 
the  city  limits,  and  to  serve  notice  in  writing  upon  both  the  contractors 
and  builders  and  upon  the  owners  or  architects  of  such  structures  as  he 
may  deem  to  be  unsafe  and  insecure  by  reason  of  the  mode  or  manner 
of  construction,  or  the  material  used  in  the  construction  thereof,  and 
shall  order  such  changes  in  the  mode  or  manner  of  construction  as  he 
shall  deem  necessary  for  public  safety. 

3.  The  said  City  Engineer  is  hereby  empowered,  whenever  in  his 
judgment  occasion  may  require,  to  enter  into  and  upon  any  building, 
premises,  staging  or  other  structure,  for  the  purpose  of  examining  the 
same  with  reference  to  its  safety  and  of  attending  to  the  performance  of 
his  duties  as  required  by  law. 

4.  Any  wooden  building  already  constructed  in  the  fire  limits, 
which  may  hereafter  be  damaged,  may  be  repaired,  provided,  the  build- 
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ing  was  a  good  sound  one  previous  to  said  damage,  and  provided,  that 
it  is  not  more  than  half  destroyed,  exclusive  of  the  foundation.  The 
City  Engineer  shall  determine  the  amount  and  extent  of  such  damage. 

5.  The  City  Engineer  may  permit  temporary  wooden  structures  in 
connection  with  the  erection  of  buildings ;  said  permit  to  be  given  in 
writing  for  a  specified  time. 

DEFINITIONS. 

6.  In  this  ordinance  the  following  terms  shall  have  the  meanings 
respectively  assigned  to  them  : 

By  the  term  "  City  Engineer,"  is  meant  such  officer  or  officers  as  is 
designated  by  the  City  Charter  or  general  ordinances  of  the  city  to 
inspect  the  erection  of  buildings. 

7.  "  Alteration  "  means  any  change  or  addition, 

8.  "  Cellar  "  means  a  lower  story,  of  which  one-half  or  more  of  the 
height  from  the  floor  to  the  ceiling  is  below  the  level  of  the  ground 
adjoining. 

9.  "Foundation"  means  that  portion  of  a  wall  below  the  level  of 
the  street  curb;  and  where  the  wall  is  not  on  a  street,  that  portion  of 
the  wall  below  the  level  of  the  highest  ground  next  to  the  wall ;  but,  if 
under  party  or  partition  walls,  may  be  construed  by  the  City  Engineer 
to  mean  that  portion  below  the  cellar  floor, 

10  "Party  wall"  means  every  wall  used,  or  built  in  order  to  be 
used,  as  a  separation  of  two  or  more  buildings. 

11.  "External  wall"  means  every  outer  wall  or  vertical  enclosure 
of  a  building  other  than  a  party  wall. 

12.  "  Partition  wall "  means  any  interior  wall  or  masonry  in  a 
building, 

13.  "Partition"  means  any  interior  wall  in  a  building  other  than 
a  partition  wall. 

14.  "  Repairs "  means  a  reconstruction  or  renewal  of  any  existing 
part  of  a  building  by  which  the  strength  is  not  reduced  nor  the  fire  risk 
increased,  and  which,  in  the  opinion  of  the  City  Engineer,  is  not  made 
for  the  purpose  of  converting  the  building,  in  whole  or  in  part,  substan- 
tially into  a  new  one. 

15.  "Thickness  of  a  wall"  means  the  minimum  general  thickness 
of  such  wall. 

16.  "  Stories  "  are  counted  from  the  first  tier  of  beams  at  or  above 
the  level  of  adjoining  ground  or  sidewalk. 

17.  "  Half  story"  means  that  portion  of  a  story  immediately  under 
the  roof,  whose  greatest  inside  height  shall  not  exceed  five  feet  from  the 
floor  to  the  spring  of  the  roof. 

18.  "Wooden  building"  (within  the  fii-e  limits)  means  any  build- 
ing any  structural  part  of  whose  outside  wall  is  of  wood. 
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19.  "  Woodeu  buildiug"  (outside  the  fire  limits)  meaus  that  portion 
of  any  building  which  has  a  wooden  exterior. 

20.  "  Building  of  brick  or  other  incombustible  material "  means 
any  buildiug  the  structural  part  of  whose  outside  wall  is  of  such  mate- 
rials. 

21.  "Block  of  dwellings"  means  a  series  of  two  or  more  houses 
used  mainly  for  dwellings,  such  houses  being  separated  by  partition 
walls  and  having  separate  entrances  and  stairways. 

22.  "Shed"  means  a  structure  not  exceeding  one  story  in  height, 
at  least  one  of  whose  sides  shall  be  open. 


IL 


czlo 


l6 


Z^tltmal  atxi  Tarty  U/tllj 
2;4  5t-r.e5 


tjoi    over 

5/i  5for,«i 


Plate  la. — Brick  Buildings  other  than  Dwellings. 

23.  "Cement  mortar"  means  a  mortar  composed  of  good,  fresh 
cement,  and  clean,  sharp  sand.  When  deemed  advisable,  a  small 
amount  of  iinie  may  be  used,  not,  however,  exceeding  the  quantity  of 
cement.  When  used  in  foundations  the  amount  of  lime  must  not  exceed 
one-fourth  the  quantity  of  cement. 


WALLS   OF    BRICK    BUILDINGS. 


24.  The  thickness  of  walls  shall  not  be  less  than  is  indicated  by  the 
diagram  on  Plate  I.  The  maximum  load  which  shall  be  allowed  on 
any  foundation  or  masonry  shall  be  as  follows :  Earth  foundations,  three 
tons  per  square  foot ;  rock,  ten  tons  per  square  foot ;  concrete,  ten  tons 
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per  square  foot;  common  rubble,  four  tons  per  square  foot;  first-class 
rubble,  ten  tons  per  square  foot;  block  stone,  twenty-five  tons  per  square 
foot ;  common  brick  and  lime,  six  tons  per  square  foot ;  common  brick 
in  cement,  ten  tons  per  square  foot ;  pressed  brick  in  cement,  fifteen  tons 
per  square  foot. 

2-5.  All  walls  over  one  hundred  feet  in  length  without  cross-walls 
or  buttresses  shall  be  increased  four  inches  in  thickness. 


£«ttr It ai  and.    (arty   U/aJ/j 


Plate  Ih. — Brick  Buildings  other  than  Dwellings. 


26.  When  hollow  walls  are  used,  the  air  spaces  are  not  to  be  in- 
cluded in  the  thickness  required. 

27.  Slots  and  chases  in  the  walls  shall  not  be  allowed  to  come 
within  four  inches  of  the  opposite  side  of  the  wall,  and  no  two  slots  shall 
be  within  eight  feet  of  each  other. 

28.  The  walls  of  all  brick  buildings  over  three  and  one-half  stories 


252 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


in   height  shall  be  well  laid  iu  cement  mortar.     All  other  brick  walls 
shall  be  well  laid  in  the  same  or  in  some  other  suitable  mortar. 

29.  If  any  brick  building  already  built,  or  Avhich  may  hereafter  be 
built,  shall  be  enlarged,  raised  or  built  upon,  it  shall  be  made  to  con- 
form to  the  requirements  of  this  ordinance. 

30.  Whenever  more  than  half  the  area  of  any  brick  wall  is  occu- 
pied by  Avindow  or  other  openings,  the  constructive  framework  and 
casings  (except  ordinary  window  frames)  of  said  openings  shall  be  of 
iron  or  other  incombustible  material,  and  the  remaining  portions  of  the 
wall  shall  be  suitablv  thickened. 


tt«rno.1  a.ri<t    Part*  VJadS 


fio^  over 

Plate  Ic. — Walls  of  Brick  Dwellings 


not   o\it.r 


31.  No  wood  lintels  or  beams  of  over  six-foot  span  shall  be  used  to 
support  brick  or  masonry  walls. 

32.  No  brick  or  stone  wall  of  any  description  shall  be  carried  on 
wooden  pillars. 

33.  All  brick  walls  shall  be  well  bonded  at  least  every  sixth  course 
throughout  the  thickness  of  such  walls. 


ASHLAR    FACING   STONE. 


34.  No  ashlar  shall  be  less  than  four  inches  thick,  and  shall  have 
a  bond  stone  running  through  the  thickness  of  the  wall  at  least  once  in 
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every  square  yard  of  surface  of  wall ;  and  it  shall  not  be  considered  a 
part  of  the  wall  when  reckoning  the  thickness  of  walls  as  per  paragraph 
on  "  Walls  of  Brick  Buildings,"  unless  it  be  eight  inches  or  more  in 
thickness,  in  which  case  all  but  four  inches  of  its  thickness  may  be  reck- 
oned as  a  part  of  the  wall;  provided,  however,  that  in  buildings  used  as 
dwellings  only  ashlar  eight  inches  thick  may  be  used  in  facing  brick 
cellar  walls  above  grade  without  bond  stones. 

FOUNDATIONS. 

35.  The  thickness  of  foundation  walls  shall  not  be  less  than  is  indi- 
cated by  the  diagrams  of  such  walls  on  Plate  I.  The  diagrams  are 
intended  for  ordinary  conditions  only.  Whenever  foundations  are 
unusually  deep  or  serve  as  retaining  walls,  etc.,  the  thickness  must  be 
proportionately  increased. 

36.  All  foundation  walls  shall  be  properly  bonded  and  w'ell  laid  in 
cement  mortar.  Frame  dwellings  may  have  foundations  laid  in  lime 
mortar. 

37.  Broad  and  heavy  footing  courses  are  to  be  provided  wherever 
the  condition  of  the  soil  or  the  height  of  the  building  may  demand 
them,  and  in  all  cases  brick  foundations  shall  be  started  on  such  footing 
courses. 

38.  No  wooden  post  shall  be  used  in  any  cellar  as  a  structural  sup- 
port. Brick  piers  shall  have  footing  stones  not  less  than  six  inches 
thick  and  projecting  not  less  than  six  inches  all  around. 

WALL    ANCHORS. 

39.  The  front,  rear,  side  and  party  walls  of  any  building  hereafter 
to  be  erected  shall  be  anchored  to  those  adjoining  every  six  feet  of 
height  by  T  anchors  made  of  one  and  one-quarter  inch  by  three-eighths 
of  an  inch  wrought  iron,  except  when  said  walls  are  carried  up  together 
and  well  united  and  bonded  at  the  point  of  contact.  The  said  anchors 
shall  be  built  into  the  side  or  party  walls  not  less  than  thirty  inches, 
and  into  the  front  and  rear  walls  within  four  inches  of  the  outside  of 
the  front  and  rear  walls,  so  as  to  secure  the  front  and  rear  walls  to  the 
side,  end  or  party  walls.  The  front,  rear,  side  and  party  walls  shall  be 
anchored  to  each  tier  of  beams  at  intervals  of  not  more  than  six  feet 
apart  (except  in  cases  of  mill  construction,  when  each  timber  shall  be 
well  anchored),  with  some  form  of  releasing  anchor  apj^roved  by  the 
City  Engineer. 

CHIMNEYS   AND   SMOKE   PIPES. 

40.  No  chimney  or  smoke  flue  shall  be  built  with  less  than  eight- 
inch  walls  below  the  roof  line  unless  lined  with  terra-cotta  pipe.     And 
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when  not  so  lined,  all  interior  joints  shall  be  struck  smooth,  and  no  par- 
geting will  be  allowed.  No  chimney-top  shall  be  less  than  four  feet 
above  the  roof  (for  flat  roof)  nor  below  the  ridge  of  any  pitched  roof, 
unless  more  than  fifteen  feet  from  same. 

41.  Flues  in  party  walls  shall  not  extend  beyond  the  center  of  the 
wall.  Joint  flues  in  party  walls  shall  be  separated  by  four  and  one-half 
inches  of  brick  work  for  their  entire  height. 

42.  No  chimneys  shall  be  started  or  built  upon  any  wooden  floor  or 
beam,  and  in  no  case  where  the  breast  of  chimneys  shall  project  more 
than  six  inches  shall  it  be  commenced  in  any  wall  or  supported  by  cor- 
belling, but  shall  be  started  from  the  foundation. 

43.  Flues  for  boilers  and  furnaces  for  manufacturing  purposes  shall 
be  built  of  brick  or  metal  of  such  size  and  height  as  may  be  determined 
by  the  City  Engineer. 

44.  All  hearths  shall  be  supported  by  arches  of  stone  or  brick  or 
by  iron  construction,  and  no  chimney  in  buildings  already  erected  or 
hereafter  to  be  built,  shall  be  cut  off*  below  and  supported  by  wood,  but 
shall  be  wholly  supported  by  brick,  stone,  iron  or  steel.  The  back  of 
no  fireplace  or  grate  shall  be  less  than  eight  inches  from  the  opposite 
side  of  the  wall. 

45.  Depositories  for  ashes  shall  be  built  of  brick  or  other  lire-proof 
material. 

46.  In  no  building,  whether  the  same  be  a  frame  building  or  other- 
wise, shall  any  wooden  girders,  beams,  timbers  or  other  wood-work  be 
placed  within  six  inches  of  any  hot-air  or  other  flue  unless  protected  by 
brick,  mineral,  wool  or  their  equivalent,  in  which  case  the  distance  may 
not  be  less  than  two  inches,  and  in  no  case  shall  any  timber  or  wood- 
work be  built  into  the  brick- work  of  any  chimney  or  smoke  flue,  but 
shall  be  framed  around  same  as  in  Section  55. 

47.  No  smoke  pipe  in  any  building  with  wooden  or  combustible 
floors  or  ceilings  shall  hereafter  enter  any  flue  unless  the  said  pipe  shall 
be  at  least  twelve  inches  from  either  the  floors  or  ceilings  or  side  parti- 
tions, and  in  all  cases  where  smoke  pipes  pass  through  stud  or  wooden 
partitions  of  any  kind,  whether  the  same  be  plastered  or  not,  they  shall 
be  guarded  by  either  a  double  collar,  made  with  terracotta  on  the  out- 
side and  metal  on  the  inside,  with  at  least  one  inch  air  space  and  holes 
for  ventilation  between,  and  extending  through  the  partition  ;  or  by 
being  enclosed  by  a  terra-cotta  thimble,  with  at  least  six  inches  of  brick- 
work all  around  fn-  full  thickness  of  the  studding;  provided,  however, 
that  the  City  Engineer  may  allow  a  less  distance  than  twelve  inches 
from  a  smoke  pipe  to  wood-work  if  the  latter  is  protected  by  a  shield  of 
tin-plate  or  other  suitable  material  not  less  than  one  inch  from  the  pipe 
and  two  inches  from  the  wood-work. 
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48.  Whenever  a  smoke  pipe  passes  through  the  floor  it  shall  be 
encased  with  a  double  collar,  as  above  specified,  except  that  the  collar 
shall  be  entirely  open  at  the  bottom  ai](l  have  holes  only  at  the  top. 

49.  Furnace  smoke  pipes  shall  not  be  less  than  eighteen  inches 
from  all  wooden  floors  or  [)artitions. 

50.  Tops  of  all  furnaces  shall  not  be  less  than  ten  inches  from  the 
floor  joists  above,  and  shall  be  covered  with  two  inches  of  sand  or  other- 
wise protected. 

STEAM    BOILERS    AND    PIPES. 

51.  No  high  pressure  steam  boiler  shall  be  set  without  a  permit 
made  out  in  due  form  by  the  City  Engineer ;  and  no  such  boiler  shall 
be  set  inside  or  under  any  city  or  town  building,  any  jail,  schoolhouse, 
church,  theatre  or  other  place  of  public  assembly,  any  hotel,  office  or 
apartment  building  without  a  special  permit  from  the  City  Engineer, 
requiring  annual  inspection  of  the  boiler  by  competent  inspectors, 
reports  of  such  inspections  to  be  regularly  filed  with  the  City  Engineer. 

52.  All  steam  pipes  passing  through  wood-work  shall  be  protected 
by  an  iron  collar,  with  an  air  space  between.  All  steam  pipes  shall  be 
supported  by  iron  brackets  or  hangers. 


WOODEN    FLOORS. 


53.  The  size  and  spacing  of  floor  joists,  except  for  "  mill  construc- 
tion," must  be  not  less  than  provided  for  in  the  following  table: 


Span  not  more 

Greatest  distance 

Least  number  rows 

of 

than 

Least  size. 

on  centers. 

cross  bridging. 

12  feet 

2  inclies  by     8  inches 

16  inches 

1 

15  feet 

2  inches  by  10  inches 

16  inches 

1 

18  feet 

2  inches  by  12  inches 

16  inches 

1 

20  feet 

2  inches  by  14  inclies 

16  inclies 

2 

20  feet 

3  inches  by  12  inches 

16  inches 

2 

25  feet 

2  inches  bv  14  inches 

12  inches 

3 

25  feet 

3  inches  by  12  inches 

12  inches 

3 

The  maximum  fibre  strain  which  shall  be  allowed  in  any  beam, 
joist,  girder  or  tie  shall  be  as  follows:  Rolled  steel,  16,000  pounds  per 
square  inch;  rolled  iron,  12,000  pounds  per  square  inch;  cast  iron, 
5,000  pounds  per  square  inch  ;  yellow  pine  (Carolina  or  Georgia),  1,350 
pounds  per  square  inch;  Virginia  pine  or  spruce,  1,000  pounds  per 
square  inch;  oak,  1,200  pounds  per  square  inch. 

54.  In  all  cases  the  joists  are  to  be  doubled  and  S])iked  under  par- 
titions and  around  openings,  and  supported  on  suitable  hangers,  and  are 
to  be  properly  bridged  ;  and  where  more  than  two  stories  of  partitions 
come  over  a  span,  a  suitable  truss  is  to  be  formed. 
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55.  In  no  building  shall  any  wooden  girders,  beam  or  timbers  be 
placed  within  one  inch  of  the  outside  of  any  chimney  or  wall  outside  of 
any  flue. 

56.  All  wooden  beams  and  other  timbers  in  the  party  wall  of  every 
building  hereafter  to  be  erected  or  built  of  stone,  brick  or  iron  shall  be 
separated  from  the  beam  entering  in  the  opposite  side  of  the  wall  by 
solid  mason  work  of  at  least  four  inches. 

57.  The  ends  of  all  joists  in  the  brick  walls  shall  be  so  beveled  that 
no  level  portion  of  the  top  of  such  joists  shall  enter  into  the  brick-work. 
All  joists  shall  rest  at  least  four  inches  on  the  brick-work. 

BRICK    WALLS    IN    A    BLOCK    OF    DWELLINGS. 

58.  Every  dwelling  in  a  block  of  dwellings  shall  be  separated  from 
the  one  adjoining  by  a  brick  party  wall  running  from  front  to  rear. 
Such  walls  shall  be  without  openings,  and  shall  be  built  out  to  boarding 
of  sides,  roof  and  cornice.  The  thickness  of  such  walls  shall  be  as  speci- 
fied in  this  ordinance. 

WOODEN    SILLS. 

59.  The  sills  ©f  all  wooden  structures  over  one  story  in  height  shall 
be  not  less  than  4x6  inches.  The  sills  of  all  wooden  structures  which  are 
set  at  a  greater  height  than  one  story  above  grade  shall  be  anchored  to 
the  brick-work  below. 

STUDDING. 

60.  The  studding  of  outside  walls  of  all  wooden  structures  three 
stories  in  height  shall  be  not  less  than  2x5  inches,  set  not  more  than 
sixteen  inches  on  centers.  And  the  studding  of  outside  walls  and  bear- 
ing partitions  in  any  wooden  structures  shall  be  not  less  than  2x4 
inches,  and  set  not  more  than  sixteen  inches  on  centers. 

61.  Every  building  50  feet  wide  or  over  (other  than  a  dwelling  house 
occu})ied  by  not  more  than  one  family)  shall  have  to  each  story  above 
the  first,  two  means  of  egress  to  the  ground  by  suitable  stairways,  either 
inside  or  outside  the  building.  And  such  stairways  shall  be  kept  free 
from  obstruction  at  all  times,  and  shall  be  accessible  from  each  room  in 
such  story.  The  City  Engineer  may,  however,  except  from  this  ruling 
fire-proof  buildings,  no  parts  of  which  are  used  for  dwelling  purposes. 
Wooden  stairways  shall  be  supported  by  horses  not  less  than  2x12 
inches,  and  not  over  eighteen  inches  on  centers. 

ELECTRIC   WIRING. 

62.  Any  electric  wiring  shall  be  in  accordance  with  the  specifica- 
tions and  requirements  of  the  Southeastern  Tariflf  Association. 
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REGULATIONS   WITHIN   FIRE    LIMITS. 

63.  No  building  shall  be  erected  within  the  fire  limits  unless  the 
structural  part  of  its  walls  be  of  brick,  stone,  iron  or  otiier  incombus- 
tible material.  Every  interior  iron  column  supporting  masonry  wall  or 
pier  must  be  fire-proofed  by  being  properly  encased  in  terra-cotta  or 
other  fire-proof  material. 

64.  Every  outside  hollow  frame  wall  and  partition,  every  furred 
partition  wall  or  outside  furred  wall  of  any  building  over  two  and  one- 
half  stories  in  height  shall  be  provided  with  mortar,  brick  and  mortar, 
or  other  suitable  fire-stops  at  each  story. 

65.  Plastering  shall  be  carried  down  behind  all  bases. 

66.  Planking  and  sheathing  of  the  roof  of  every  building  other 
than  of  wood,  herafter  erected  or  built,  shall  in  no  case  be  extended 
across  the  party  wall  thereof,  and  every  roof  within  the  fire  limits  shall 
be  covered  with  slate,  tin,  copper,  iron  or  other  incombustible  material. 

67.  The  party  walls  in  all  brick  buildings  shall  be  carried  up  at 
least  one  foot  above  the  roof,  and  shall  be  capped  with  tile  or  other 
incombustible  material. 

68.  Every  cornice  within  the  fire  limits,  except  on  isolated  build- 
ings used  as  dwellings  only,  shall  be  of  brick,  iron  or  other  incombus- 
tible material,  and  where  not  of  solid  masonry,  all  brick  or  stone  walls 
shall  be  carried  up  behind  cornices  to  roof  covering. 

SAFETY    APPLIANCES. 

69.  In  all  buildings  of  a  public  character  already  erected,  or  here- 
after to  be  built,  such  as  hotels,  churches,  theatres,  schoolhouses,  flats, 
restaurants,  railroad  depots,  public  halls  or  similar  buildings,  used  or 
intended  to  be  used  for  purposes  of  public  amusement  or  instruction,  the 
halls,  doors,  stairways,  seats  and  aisles  shall  be  so  arranged  as  to  facili- 
tate egress  in  case  of  fire  or  accident,  and  to  afford  the  requisite  and 
proper  accommodation  for  the  public  protection  in  such  cases.  All 
doors  of  exit  leading  from  any  assembly  room  where  crowds  do  congre- 
gate, shall  be  so  hinged  as  to  open  outward  from  the  room  or  rooms. 

70.  It  shall  be  the  duty  of  the  owner  or  owners  of  every  building  used 
or  intended  to  be  used  as  a  hotel,  factory,  theatre,  tenement  house,  sem- 
inary, college,  academy,  hospital,  asylum,  hall  or  place  of  amusement, 
and  of  the  trustee  or  trustees  of  any  estate,  association,  society  or  build- 
ings as  described  above,  which  may  have  its  upper  floor  thirty  feet  or 
more  above  the  ground,  used  or  intended  to  be  used  for  any  of  the  pur- 
poses above  mentioned,  to  provide  and  cause  to  be  erected  and  fixed  to 
said  building,  iron  fire-escapes  of  a  pattern  which  shall  be  approved  by 
the  City  Engineer,  who  shall  also  have  the  right  to  designate  the  posi- 
tion of  said  fire-escapes. 
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PLUMBING    AND    DRAINAGE   OF   BUILDINGS. 

71.  No  person  or  corporation  shall  carry  on  the  business  of  plumb- 
ing unless  licensed  as  a  plumber.  Applications  for  such  license  shall 
be  made  to  Council  on  blanks  provided  by  the  Clerk.  Such  applicant 
shall  appear  before  the  City  Engineer,  who  shall  subject  him  to  a  rigid 
verbal  examination  as  to  his  competency  and  understanding  of  the  City 
Ordinances,  specifications,  drawings  and  standards,  referring  to  the 
plumbing  of  vvastes,  drains,  laying  of  sewer  connections,  etc.,  and  Coun- 
cil shall  grant  license  to  said  applicant  only  after  a  written  certificate 
has  been  sent  to  them  by  the  City  Engineer  testifying  to  the  compe- 
tency and  fitness  of  said  applicant. 

72.  It  shall  be  the  duty  of  every  registered  plumber  to  give  imme- 
diate notice  of  any  change  in  his  place  of  business,  for  correction  of  the 
register. 

73.  The  drainage  of  all  buildings,  public  and  private,  and  the  altera- 
tion to  the  same,  shall  be  executed  in  accordance  with  plans  and  specifi- 
cations previously  approved  in  writing  by  the  City  Engineer,  who  will 
grant  a  regular  permit  for  carrying  on  the  work,  and  no  plumbing  or 
house  drainage  shall  be  proceeded  with  unless  the  permit  is  in  the  hands 
of  the  men  doing  the  work. 

74.  There  shall  be  a  separate  plan  for  each  building,  public  or 
private,  or  any  addition  or  alteration  thereof,  accompanied  by  the  speci- 
fications or  descriptions  for  all  plumbing  and  house  drainage  of  said 
building  or  buildings,  prescribed  and  furnished  for  this  purpose,  showing 
the  location,  size  and  kind  of  pipe,  the  material  to  be  used,  traps,  closets 
and  fixtures;  the  said  plans  to  be  placed  on  file  in  the  office  of  the  City 
Engineer  ;  said  drawings,  plans,  specifications  and  descriptions  to  be 
furnished  by  the  architect,  builder  or  agent,  where  one  is  employed, 
otherwise  by  the  owner  or  reputed  owner.  All  applications  for  a  change 
in  plan  must  be  made  by  the  owner  or  reputed  owner,  architect,  builder 
or  authorized  agent. 

75.  It  shall  be  the  duty  of  the  said  City  Engineer  to  give  immedi- 
ate attention  upon  receiving  any  notice  as  hereinbefore  specified,  and 
within  the  time  therein  limited,  to  wit :  three  days  to  report  thereon, 
and  in  case  that  the  City  Engineer  shall  find  that  any  of  the  plans, 
specifications,  drawings,  etc.,  connected  with  the  work  to  be  done,  are 
not  in  conformity  to  this  ordinance,  he  shall  thereupon  forthwith  give 
notice  in  writing  to  the  person  interested,  setting  forth  specially  the 
grounds  of  objection,  and  upon  the  said  parties  or  persons  complying 
with  the  order  of  said  City  Engineer,  so  soon  as  the  plans  and  specifica- 
tions shalls  be  submitted,  if  the  same  be  correct,  to  approve  them  in 
writing,  and  issue  a  permit,  authorizing  the  construction  of  said  house 
drainage. 
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76.  It  shall  be  the  duty  of  every  person  making  or  owning  any 
drain,  soil  pipe,  passage  or  connection  between  any  sewer  and  any  ground, 
building,  erection  or  place  of  business,  and  in  like  manner  the  duty  of 
the  owner  of  all  grounds,  buildings  and  erections  and  of  all  parties 
interested  therein  or  thereat,  to  cause  and  require  that  such  drains,  soil 
pipe,  passage  and  connection  shall  at  all  times  be  adequate  for  its  pur- 
pose and  shall  at  all  times  allow  freely  to  pass  all  that  enters  or  should 
enter  the  same  ;  and  no  change  of  the  drainage,  sewerage  or  the  sewer 
connection  of  any  house  shall  be  permitted,  unless  notice  thereof  has 
been  given  to  the  City  Engineer  and  assent  thereto  obtained  in  writing. 

77.  No  drainage,  sewerage  or  plumbing  shall  he  covered  or  con- 
cealed in  any  way  until  after  it  has  been  examined  and  approved  by  the 
City  Engineer  or  his  accredited  representative.  Notice  must  be  given 
to  the  City  Engineer  when  the  work  is  sufficiently  advanced  for  such 
purpose,  and  it  shall  be  the  duty  of  said  City  Engineer,  within  three 
days  after  said  notice,  to  inspect  the  same,  and  in  case  any  change 
therein  shall  be  found  necessary,  he  shall  direct  in  writing  the  change  to 
be  made.  In  no  case  shall  any  pipes,  traps,  or  other  plumbing  work  be 
permanently  concealed  in  floors  or  partitions,  but  shall  be  left  easy  of 
access. 

78.  The  main  drainage  of  every  house  or  building  shall  be  separ- 
ately and  independently  connected  with  the  street  sewer,  where  one  is 
provided,  and  where  there  is  no  sewer  in  the  street,  and  it  is  necessary 
to  construct  a  private  sewer  to  connect  with  one  on  an  adjacent  street, 
such  plans  must  be  used  as  may  be  approved  by  the  City  Engineer,  but  in 
no  case  shall  a  joint  drain  be  laid  in  cellars,  parallel  with  street  or  alley. 
All  house  drains  or  soil  pipes  laid  beneath  the  cellar  floor  shall  be  of 
extra  heavy  cast  iron  pipes,  with  leaded  and  caulked  joints,  or  of  anti  rust 
wrought  iron  pipe  with  screw  joints.  All  other  drains,  soil  or  waste 
pipes,  connected  with  the  main  drain,  or  where  the  main  drain  pipe  is 
above  the  cellar  floor,  shall  be  of  cast  iron  pipe,  or  of  anti-rust  wrought 
iron  pipe  with  screw  joints  properly  secured,  and  carried  five  feet 
outside  of  house  walls,  and  all  arrangements  of  soil  or  waste  pipes 
shall  be  as  direct  as  possible.  All  changes  in  direction  on  horizontal 
pipes  shall  be  made  with  "  Y  "  branches  ;  all  other  changes  shall  be 
made  with  curved  pipes,  and  where  such  pipes  pass  through  foundation 
wall,  a  2-inch  clearance  above  and  on  each  side  of  main  pipe  shall  be 
provided  for.  All  vent  pipes  in  any  building  must  be  extended  2  feet 
above  the  roof  of  the  main  building,  and  above  the  top  of  any  window 
in  said  roof.  The  diameter  of  any  soil  pipe  should  not  be  less  than 
4  inches. 

79.  All  joints  in  iron  drain  pipes,  soil  and  waste  pipes,  must  be 
either  screw  joints  tightly  drawn  up  with  red  lead,  or  must  be  filled  with 
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oakum  and  lead  and  haud-caulked  so  as  to  make  them  gas  tight.  All 
connections  of  lead  with  iron  pipes  must  be  made  with  brass  sleev^'  or 
ferrules  of  the  same  size  as  the  lead  pipe,  put  in  the  hub  of  the  branch 
of  the  iron  pipe,  and  caulked  with  lead.  The  lead  must  be  attached  to 
the  ferrule  by  a  wiped  or  overcast  joint.  All  connections  of  lead  waste 
pipes  shall  be  made  by  means  of  wiped  joints. 

80.  In  every  water  closet,  urinal,  sink,  basin,  wash  tray,  bath,  and 
every  tub  or  set  of  tubs,  the  waste  pipe  must  be  separately  and  effec- 
tively trapped  and  ventilated,  unless  the  same  shall  be  within  10  feet  of 
the  main  soil  pipe  and  an  approved  anti-syphon  trap  be  used.  Traps 
must  be  placed  as  near  the  fixtures  as  practicable,  and  in  no  case  shall 
the  waste  from  the  bath  tub  or  other  fixtures  be  connected  with  a  water 
closet  trap.  There  shall  be  no  traps,  caps  or  cowls  on  soil  or  waste 
pipes  which  shall  interfere  with  the  system  of  ventilation. 

81.  All  soil,  waste,  anti-syphoning  pipes  and  traps,  before  being 
connected  with  fixtures,  shall  have  openings  stopped  and  be  tested  for 
inspection  by  filling  them  with  water  from  the  highest  point,  and  allow- 
ing the  water  to  stand  in  them  until  the  inspection  is  completed  and  all 
leaks  caulked,  or  by  a  monometer  to  ten  pounds  per  square  inch  pressure? 
and  all  leaks  stopped. 

82.  No  pan  or  hopper  closet  shall  be  set  up  in  any  building.  Every 
water  closet  or  line  of  water  closets,  on  the  same  floor,  shall  be  supplied 
with  water  from  a  special  water  closet  tank  or  cistern  (the  water  of 
which  is  not  used  for  any  other  purpose),  except  where  the  supply  of 
water  is  assured,  and  no  steam  exhaust  or  steam  from  the  waste  pipes 
shall  be  connected  with  any  house  drain  or  soil  pipe.  No  opening  shall 
be  allowed  in  the  sewer  pipe  of  any  building  for  the  purpose  of  receiv- 
ing the  surface  drainage  of  the  cellar,  unless  special  permission  is  granted, 
and  in  accordance  with  the  specifications  of  the  City  Engineer.  No 
brick,  sheet-metal,  earthenware  or  chimney  flue, shall  be  used  as  a  sewer 
ventilator,  or  to  ventilate  any  trap,  drain,  waste,  or  soil  pipe. 

83.  The  least  inclination  that  can  be  allowed  for  water  closet, 
kitchen  and  all  other  drains  of  not  over  6  inches  diameter,  liable  to 
receive  solid  substances,  is  one-half  an  inch  in  two  feet ;  and  for  cellar 
or  other  drains,  to  receive  water  only,  one-fourth  of  an  inch  in  two  feet. 
The  depth  of  the  crown  of  a  drain  at  the  curb  line  should  be  determined 
by  a  rise  of  one-fourth  of  an  inch  per  foot  from  the  crown  of  the  sewer 
directly  opposite. 

84.  The  ends  of  all  pipes  not  to  be  immediately  connected  with  are 
to  be  securely  stopped  by  brick  and  cement,  or  other  water-tight  and 
imperishable  materials. 

85.  All  pipes  that  must  be  left  open  to  drain  cellars,  areas,  yards 
or  gardens  must  be  connected  with  suitable  catch-basins,  the  bottom  of 
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which  must  not  be  less  than  two  and  one-half  feet  below  the  bottom  of 
the  outlet  pipe,  the  size,  form  and  construction  of  which  are  to  be  pre- 
scribed by  the  City  Engineer.  When  meat-packing  houses,  slaughter- 
houses, lard-rendering  establishments,  hotels  or  eating-houses  are  con- 
nected with  the  sewers,  the  dimensions  of  the  catch-basins,  or  grease- 
traps,  which  must  be  used,  shall  be  required  to  be  of  size  according  to 
the  circumstances  of  the  case.  When  the  end  of  the  drain  pipe  is  con- 
nected with  a  temporary  wooden  catch-basin  for  draining  foundations 
during  the  erection  of  buildings,  the  drain  layer  will  be  held  respon- 
sible for  dirt  and  sand  getting  into  the  drain  or  sewer  from  such  tem- 
porary catch-basin. 

86.  No  private  catch-basin  can  be  built  in  the  public  street,  but 
must  be  placed  inside  of  the  lot  to  be  drained,  except  when  the  side- 
walks are  excavated  and  used  as  cellars. 

87.  The  inside  of  every  drain,  after  it  is  laid,  must  be  left  smooth 
and  perfectly  clean  throughout  its  entire  length  ;  and  to  insure  the  same 
a  scraper  of  suitable  material,  of  the  shape  of  the  pipe  and  slightly  less 
in  diameter,  shall  be  drawn  through  each  length  of  the  pipe  after  it  has 
been  laid. 

88.  The  general  plan  of  waste  plumbing  shall  be  in  accordance 
with  Plate  II,  Figures  1  or  2,  as  may  be  preferred. 

89.  The  open  ends  of  vent  or  air  inlet  pipes  must  be  protected  from 
stopping  by  a  well-secured  wire  screen  or  perforated  cap  of  sufficient 
size. 

90.  Drip  or  over-flow  pipes  from  safes,  under  water  closets  and 
other  fixtures,  or  from  tanks  or  cisterns,  shall  be  run  to  some  place  in 
open  sight,  and  in  no  case  shall  any  such  pipe  be  connected  directly 
with  a  drain  pipe.  No  waste  pipe  from  a  refrigerator  or  other  recep- 
tacle in  which  provisions  are  stored  shall  be  connected  with  a  drain  or 
other  waste  pipe.  Overflow  pipes  must  in  all  cases  be  connected  on  the 
inlet  side  of  the  traps. 

91.  In  case  the  general  arrangement  shown  in  Plate  II,  Figure  2, 
is  followed,  there  must  be  a  fresh  air  inlet  pipe  entering  the  drain  on 
the  house  side  of  the  running  trap,  of  not  less  than  four  inches  internal 
diameter,  extending  therefrom  to  the  outer  air,  away  from  all  windows 
and  cold  air  duct  of  the  furnace,  and  protected  from  dust  or  obstruc- 
tion. The  running  traps  must  be  so  arranged  that  they  can  be  readily 
cleaned  and  examined. 

92.  Every  vent  or  anti-syphon  pipe  shall  be  of  lead,  or  galvanized 
iron  pipe  with  screw  joints,  or  of  cast  iron  pipe,  tar  coated,  with  caulked 
and  leaded  joints.  These  pipes,  when  not  vertical,  must  always  have  a 
continuous  slope,  and  be  so  arranged  that  water  cannot  collect  in  them. 

93.  Water  closets  must  not  be  located  in  the  sleeping  apartment  of 
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any  building,  nor  in  any  room  or  apartment  which  has  not  direct  com- 
munication with  the  external  air,  either  by  a  window  or  air  shaft  having 
an  area  to  the  open  air  of  at  least  four  square  feet. 

PENALTY. 

94.  If  any  person  shall  violate  this  ordinance,  or  wilfully  disobey 
any  written  order  of  the  City  Engineer  as  aforesaid,  unless  the  same 
shall  have  been  set  aside  or  modified  by  judicial  authority  on  appeal,  or 
on  the  order  or  decree  of  the  said  judicial  authority  made  on  appeal  as 
aforesaid,  he  shall  be  guilty  of  a  misdemeanor  and  shall  be  punished 
therefor,  and  on  conviction  thereof  shall  be  fined  not  more  than  one 
hundred  dollars. 

95.  All  ordinances  or  parts  of  ordinances  in  conflict  herewith  are 
hereby  repealed. 

96.  This  ordinance  shall  be  in  force  from  its  passage. 
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PAVEMENTS  OF  CLEVEEAND,  OHIO,  COMPARED  WITH 
THOSE  OF  OTHER  CITIES. 


A  REPORT  SUBMITTED  TO  THE  CLEVELAND  CHAMBER  OF 
COMMERCE. 


By  James  Ritchie,  Member  of  the  Civil  Engineers'  Cltjb  of  Cleveland. 


[Read  January  8,  1895.*] 

To  THE  Board  of  Directors  of  the  Cleveland  Chamber  of 
Commerce — Gentlemen :  I  beg  leave  to  submit  to  you  and  to  the 
chamber  a  few  figures  collected  by  me  in  my  correspondence  with  seve- 
ral of  the  large  cities  of  the  country  relative  to  the  cost  and  the  methods 
of  construction  of  street  pavements,  comparing  them  with  the  conditions 
■which  obtain  in  this  city. 

Reports  have  been  received  from  Buffalo,  Chicago,  Milwaukee, 
Indianapolis  and  Memphis,  which  are  complete;  from  St.  Louis  and 
Pittsburg,  which  are  partial  reports,  while  no  answers  have  as  yet  been 
received  from  New  York,  Philadelphia,  Boston,  Cincinnati,  Detroit  and 
Louisville.  By  an  examination  of  Poor's  Manual  for  1894  I  have 
obtained  figures  for  the  last  three  columns  in  table  No.  3,  and  these  are 
undoubtedly  correct. 

Cleveland,  with  its  mileage  of  streets  of  544.71,  has  only  95.7,  or 
about  18  per  cent.,  paved.  The  average  expenditure  for  new  pavements 
during  the  ten  years  from  1884  to  1893,  inclusive,  was  $323,031  per 
year,  and  in  1893  the  expenditure  was  $860,992. 

Buffalo  has  a  total  mileage  of  streets  of  702.73,  of  which  302.73 
miles,  or  about  43  per  cent.,  are  paved.  The  average  expenditure  for 
new  pavements  during  the  same  period  often  years  has  been  $1,088,073 
per  year,  more  than  three  times  our  average,  and  the  expenditure  in 
1893  was  $1,618,794,  nearly  twice  what  Cleveland  expended.  And  yet 
our  tax  per  capita  is  only  5  cents  less  than  that  of  Buffalo,  if  the  figures 
of  Poor's  Manual  are  correct. 

The  pavements  of  Cleveland  consist  largely  of  Medina  stone,  which 
is  laid  directly  upon  the  ground  after  the  same  has  been  flooded  and 
rolled,  but  in  only  one  instance  until  this  year  has  this  city  used  a  con- 
crete foundation  for  its  block  stone  pavements.  In  Superior  Street, 
between  the  Public  Square  and  Water  Street,  the  new  pavement  was 
laid  upon  a  concrete  base,  and  is  referred  to  in  the  engineer's  report  for 

*  Copy  received  Marcli  6,  1895. — Secretary,  Assn.  Eng.  Socs. 
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1893  as  "the  only  instance  in  the  city,  excepting  in  the  case  of  asphalt 
pavements,  where  a  concrete  base  is  used."  This  shows  that  we  are 
advancing  slowly  to  the  point  reached  years  ago  by  other  cities  of  less 
importance  than  w^e  are  in  other  particulars. 

Our  brick  pavements  consist  of  a  single  thickness  laid  on  sand,  and 
I  have  been  unable  to  find  an  instance  of  this  kind  of  pavement  men- 
tioned in  the  reports  I  have  received  from  other  cities,  all  being  in  the 
habit  of  using  a  concrete  base,  except  when  two  layers  of  brick  are 
used. 

In  all  the  reports  there  is  a  universal  agreement  that  the  pavement 
giving  the  best  results  is  the  block  stone  laid  on  concrete,  although 
asphalt  and  brick  are  mentioned  as  preferable  for  residence  streets. 

The  reports  from  Buffalo  are  the  most  complete  of  any  I  have 
received,  and  show  a  creditable  spirit  of  enterprise,  as  well  as  an  atten- 
tion to  detail,  wliich  could  be  advantageously  followed  by  our  city.  In 
their  reports  I  find  a  description  of  their  methods  of  construction  of  their 
pavements  as  follows : 

The  ground  is  prepared  by  excavating  to  a  proper  depth  and  form, 
and  placing  thereon  a  bed  of  concrete  6  inches  in  thickness,  made  of  1 
part  cement,  2  parts  sand  and  5  parts  of  2j  inch  broken  stone.  This  is 
rolled  with  a  5-ton  roller.  Upon  this  is  placed  a  layer  of  sand  2  inches 
thick  and  the  block  stone  is  laid  upon  the  sand.  The  blocks  are  from  7 
to  12  inches  long,  3  to  4i  inches  wide  and  62  to  7  iuches  thick,  laid  with 
J  inch  joints,  which  are  filled  with  pitch  at  300  degrees,  or  with  cement. 
The  cost  of  this  pavement  complete,  including  excavation,  curbing  and 
concrete,  is  $3.50  per  square  yard. 

The  Superior  Street  pavement  in  this  city  cost  $3.51  per  square  yard 
for  the  stone  and  foundation  only,  not  including  excavation  and  curbing. 

The  brick  pavements  of  Bufl^alo  cost  $2.75  per  square  yard,  and  are 
laid  upon  concrete,  the  same  as  the  stone,  and  their  asphalt  pavements 
cost  $3  per  square  yard.  Both  these  figures  include  excavation  and 
curbing.  The  following  table,  No.  1,  shows  the  number  of  miles  of  each 
kind  of  pavement  in  the  cities  heard  from  : 

Table  No.  1. 

Block  stoue        Block  stone 
on  sand.  on  concrete. 

Cleveland 77.40  .25 

Buffiilo 1.20 

Chicago 22.60 

Milwaukee 12.00 

Indianapolis .    . 

Memphis 12.46  1.97 

.  St.  Louis 84  45.06 
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Cleveland       

Bi 

on 

] 

dck 

sand.            ( 

.5.40 

Brick 
)n  concrete. 

Buffalo   .                

3.33 

Chicago -    . 

1.10 

Milwaukee                

13  77 

Memphis 

2.71 

St.  Louis 

Buffalo ... 

Asphalt 

ou 
concrete. 

2.90 

177.00 

Wood 
block. 

648.40 

44.00 

2.44 

1.80 

8.35 

Macadam 

and 
Telford. 

2.33 

20.10 

310.80 

2.00 

20.82 

2.28 
13.00 

St.  Louis 

5.27 

300.00 

Block  stone 
concrete. 

$3  51 

3  50 

3  00 

2  80 


This  table  shows  the  mileage  at  the  close  of  the  year  1893,  and  does 
not  include  any  work  done  since  that  time,  as  far  as  I  could  learn, 
excepting  Buffalo,  which  is  reported  to  September  1,  1894. 

Table  No  2  gives  the  cost  per  square  yard  of  the  different  kinds  of 
pavements  in  the  several  cities  heard  from. 

Table  No.  2, 

Block  stone 
on  sand. 

Cleveland $2  70 

Buffalo 

Chicago 

Milwaukee 

Indianapolis •    • 

Memphis 1  92  4  34 

St.  Louis 3  00 

Brick  Brick 

on  sand.       ou  concrete 

Cleveland SO  90 

Buffiilo $2  75 

Chicago 2  10 

Milwaukee 

Indianapolis 1  85 

Memphis 2  85 

St.  Louis .    • 

Asphalt 

ou  Wood 

concrete.  block.    ^Macadam. 

Cleveland !f2  85 

Buffalo 3  00 

Chicago 2  85  $0  95        10  80 

Milwaukee 2  28  1  05 

Indianapolis 1  55  .    .              .    • 

Memphis 1  92  1  15 

St.  Louis 2  75  2  75          0  75 
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I  have  also  prepared  a  table  showing  the  comparison  between  total 
mileage  of  streets  and  mileage  of  paved  streets,  expenditures  for  paving 
and  the  tax  rates  and  bonded  debt  of  each  of  the  cities  heard  from,  as 
follows:  (Poor's  Manual.) 

Table  No.  3. 

Population             Miles  Miles 

18S10.  of  Streets.  Paveil. 

Cleveland 261,353  544  71  95  71 

Buffalo 255,664  702.73  302.73 

Chicago 1,099,850  2,467.00  1,003.00 

Milwaukee 204,468  261.00  58.00 

Indianapolis 105,436  299.60  41.00 

Memphis 64,586               88.00  39.32 

St.  LoiiLs 451,170  767.95  359.45 

Pittsburg      238,617  220.00  175.00 

Expenditures  1893.  Annual  Average. 

Cleveland $860,992  $323,031  (lOvears) 

Bufl^alo 1,618,794  1,088,078  (10  years) 

Chicago 3,596,536  3,026,779  (  5  years) 

Milwaukee 154,000  158,900  (10  year.s) 

Indianapolis ,    ,    . 765,043  555,960  (  3  ye;irs) 

Memphis 63,688  92,000  (lOyeais) 

Pittsburg 763,301  .... 

Tax  Rate       Total  Tax       Bonded  Debt, 
per  «10(l(}        per  Capita.  1893. . 

Cleveland $27.50  13.40  $7,200,128 

Buffalo 15.45  13.45  12  975,829 

Chicago 46.08  10.30  18,097,221 

Milwaukee       21.00  13.96  5,269.000 

Indianapolis 17.60  15.00  1,899,500 

Memphis 17.50  10.75  3,130,000 

St.  Louis 13.80  11.25  21,376,021 

Pittsburg 13.00  15.00  8,483,995 

The  total  tax  per  capita  is  obtained  by  multiplying  the  tax  rate  by 
the  valuation  for  taxes,  as  given  by  Poor's  Manual,  and  dividing  the 
result,  thus  obtained,  by  the  population. 

The  report  of  the  city  director  of  accounts  shows  the  following: 

January  1,  1894 : 

Amountof  General  Bonded  Debt $6,129,000  00 

Street  Damage   ....  $70,000  00 

Street  Improvements 805,000  00 

Sewer  Districts 619,000  00 

Water  Works 1,775,000  00 

3,269,000  00 

Total  Bonded  Indebtedness $9,398,000  00 

Temporary  Loans  for  Special  Improvements 220,823  00 

$9,618,823  00 
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Temporary  Loans  Account  Brooklyn  village $7,044  92 

Total  City  Debt §9,625,867  92 

Sinking  Funds— General $1,167,289  60 

Viaduct 982,204  99 

Total $2,149,494  59 

City  debt  less  sinking  funds $7,776,373  33 

The    total  receipts  from  all  sources  in  1893,  including  cash 

on  hand  Jan.  1,  were $7,215,448  66 

The  total  disbursements  were 5,200,355  25 

Leaving  a  balance  on  hand,  Jan.  1,  1894,  of $2,015,093  41 

The  tax  levy  for  general  expense   is  $13.20  per  $1,000,  and 
amounts  to  $1,726,943.25,  and  of  this  there  was  received 

in  1893 • $1,621,967  62 

Of  sewer  tax 120,362  52 

Of  special  tax 550,935  45 

Of  liquor  tax 386,440  09 

Portion  of  1894  taxes 200,000  00 

From  sale  of  bonds • 1,779,519  10 

From  sale  of  notes 177,888  00 

From  gas  companies 42,113  GO 

From  removal  of  night  soil 31,502  72 

From  Cleveland  City  Railway  (paving) 2,493  40 

From  sale  of  city  farm 1,750  26 

From    special   improvements    and    miscellaneous   funds 

paid  in 60,813  81 

Earnings  credited  to  different  funds 931,100  94 

Total  receipts $5,906,886  01 

Cash  on  hand,  Jan.  1,  1893 1,308,562  65 

$7,215,448  66 
Of  this  niouey  there  was  paid  out  in  1893,  for  street  pavements,  the 
sum  of  $860,992,  which  is  about  17  per  cent,  of  the  total  expenditure  of 
$5,200,355  previously  noted. 

The  ordinary  expenses  of  the  city  government  for  1893  were  $1,- 
798,556.29,  which  is  divided  as  follows  : 

Current  expenses,  Mayoi $38,568  63 

Public  Works 146,597  37 

Auditor 20,843  68 

Law 13,873  24 

"  "  Charities  and  Correction 1,253  92 

Legislative 34,658  32 

Treasurer 8,574  92 

"  "  f:iectious 14,458  52 

Judicial 31,761  45 

Total  general  fund $310,590  05 
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Carried  over .  $310,590  05 

Bridge  fund 86,609  82 

Street  fund 139,033  56 

Waterworks ■ 185,082  70 

Parks      30,850  04 

Police 325.771  16 

Police  court 23,676  94 

Markets 24,188  76 

Sanitary      35,950  99 

Cemetery 26,344  12 

House  of  Correction 111,163  07 

Infirmary 128,133  58 

PI  re  department 346,403  38 

Dredging  fund 24,758  12 

$1,798,556  29 

These  figures  and  others  in  the  auditor's  report  show  tliat  the  ordi- 
nary expenses  of  the  city  government  are  about  35  per  cent,  of  the  total 
expenditures.  This  does  not  include  new  and  permanent  improvements, 
but  is  supposed  to  include  salaries,  office  expenses  and  the  general 
expenses  incident  to  maintenance  and  ordinary  repairs. 

The  special  improvements  and  the  permanent  improvements  in 
1893  cost  $1,737,784.35,  or  about  $60,000  less  than  the  charge  for  main- 
tenance and  general  expenses.  The  interest  paid  on  bonds  and  notes 
was  about  $954,000. 

These  figures  show,  in  relation  to  the  subject  in  hand,  that  while 
our  city  has  expended  over  $5,000,000  in  1893,  only  about  one-third 
has  been  expended  for  permanent  improvements  and  about  one-half  of 
that  amount  has  been  for  new  pavements.  And,  while  these  are  called 
permanent  improvements,  only  one  section  of  the  stone  pavement  aud 
none  of  the  brick  pavements  laid  have  been  done  in  what  is  usually 
considered  a  permanent  manner.  While  it  is  undoubtedly  true  that 
our  pavements  compare  favorably  in  some  respects  with  pavements  of 
other  cities,  I  think  great  improvements  could  be  made  in  the  methods 
used  in  the  work  of  construction.  There  is  not  enough  attention  paid 
to  obtaining  the  best  results.  Permanence  in  construction  means  econ- 
omy in  re])airs,  and  every  means  should  be  taken  to  secure  good  foun- 
dations and  proper  materials.  The  appointment  of  inspectors  should  be 
regulated  by  the  ability  of  the  men  and  their  knowledge  of  the  charac- 
ter of  the  work  and  methods  to  be  used,  and  political  influence  should 
be  utterly  disregarded.  The  federal  plan  of  government  enables  the 
officials  to  disregard  the  matter  of  politics  when  they  desire  to  do  so, 
and  our  citizens  should  see  that  the  officials  are  men  who  will  throw 
aside  personal  and  political  feelings  and  only  work  for  the  general  good. 

The  methods  employed  in  the  maiutenauce  of  our  streets  are  being 
25 
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improved.  Efforts  are  being  made  to  change  the  character  of  our  street 
department  from  its  condition  of  a  "  rest  for  the  infirm,"  as  the  report 
of  the  department  of  public  works  states,  and  the  result  has  been  to 
place  it  upon  a  business-like  basis.  Certain  reforms  have  been  made 
and  more  will  come.  Our  streets,  however,  are  at  no  time  clean,  and 
the  mud  upon  our  pavements  should  be  kept  down.  Yet  the  principal 
reason  for  their  being  in  such  a  condition  is  the  fact  that  from  all  sides 
there  are  dirt  roads  entering  the  city,  intersecting  our  paved  streets  and 
depositing,  through  the  medium  of  hoofs  and  wheels,  their  mud  and 
dirt  upon  our  pavements.  Also,  as  shown  in  the  tables  within,  we  have 
only  18  per  cent,  of  our  streets  paved,  and  the  other  82  per  cent,  are 
assisting  in  the  defilement  of  our  pavements.  In  1893  the  street  depart- 
ment expended  over  $138,000  in  material  and  labor  for  repairs  to  street 
pavements,  sewers,  drains,  catch-basins,  and  cleaning  the  streets,  sewers, 
and  catch-basins.  The  item  for  cleaning  paved  streets  amounts  to  about 
$30,000  for  1893,  which  is  about  $300  per  mile  for  the  year.  The  cleaning, 
rounding  and  filling  of  unpaved  streets  costs  the  city  over  $52,000,  and 
this  appears  to  be  a  waste  of  money.  After  the  first  heavy  storm  the  sur- 
face of  these  streets  was  deposited  upon  the  adjoining  pavements.  Three 
hundred  dollars  per  mile  per  year  for  cleaning  the  paved  streets  does 
not  seem  like  a  waste  of  money,  but  when  a  street  becomes  immediately 
in  the  same  or  worse  condition,  we  feel  impressed  by  the  uselessness  of 
the  work.  There  is  a  remedy  which  our  city  must  apply,  and  that  is  to 
proceed  at  once  to  make  such  permanent  improvements  in  the  way  of 
draining  and  paving  that  before  long  our  whole  city  will  be  in  such  a 
condition  that  dirt  upon  our  pavements  will  be  unknown.  Let  us  see 
what  such  a  move  involves,'  Until  a  street  is  to  be  paved  the  old 
sewers  are  usually  considered  sufficient;  consequently,  when  new  pave- 
ments are  put  in,  a  new  sewer  has  usually  to  be  built.  Last  year 
(1893)  there  were  built  13.986  miles  of  sewers  of  various  kinds,  at  a 
total  cost  of  $317,272.40,  or  an  average  cost  per  mile  of  about  $22,700, 
There  were  paved  18.67  miles  of  streets,  at  an  average  cost  of  about 
$46,600.  The  average  cost,  therefore,  of  draining  and  paving  the  streets 
of  this  city  is  $69,300,  or  say  $70,000  per  mile.  There  are  about  400 
miles  of  unpaved  streets,  which,  if  paved  and  improved,  would  give  this 
city  an  advantage  over  many  others  in  appearance  and  in  healthfulness. 
Four  hundred  miles  at  $70,000  per  mile  would  be  $28,000,000.  If 
we  should  keep  up  our  present  rate  we  should  accomplish  this  result  in 
about  twenty-five  years,  if  it  were  not  for  the  fact  that  a  part  of  our 
work  each  year  is  repaving.  There  is  where  we  lose  money  by  our 
economy  in  first  cost  and  our  old-fashioned  methods.  It  costs  Buffalo 
80  cents  more  per  square  yard  for  stone  pavement  laid  on  concrete, 
than  it  costs  us  for  stone  pavement  on  sand ;  that  is  30  per  cent.     There 


PAVEMENTS  OF  CLEVELAND,  OHIO.  271 

can  be  no  doubt  in  the  mind  of  auy  one  as  to  the  superior  advantage  of 
a  pavement  with  a  foundation  over  one  without.  These  advantages  are 
as  follows  : 

The  concrete  is  calculated  to  so  distribute  the  loads  and  weights  of 
the  pavement  as  to  prevent  unequal  settlement,  and  is  practically  the 
same  thing  as  a  single  band  of  solid  rock  upon  which  to  support  the 
surface.  The  two  inches  of  sand  act  as  a  leveler  and  cushion,  prevent- 
ing the  inequalities  in  the  upper  surface  of  the  concrete  from  being  felt 
iu  laying  the  stone,  and  preventing  the  blows  from  heavy  traffic  of  the 
street  from  being  too  suddenly  communicated  to  the  concrete.  The 
pitch,  which  fills  the  joints,  prevents  water  from  penetrating  to  the 
foundation,  where  it  would  freeze  and  heave  the  stone  irregularly  and 
at  the  same  time  damage  the  foundation.  With  this  kind  of  pavement 
it  is  essential  that  the  engineer  shall  have  sufficient  foresight  to  enable 
him  to  put  in  absolutely  all  the  pipes  and  curb  connections  needed,  for 
it  is  practically  impossible  to  replace  a  pavement  of  this  sort  and  make 
it  as  good  as  at  first.  The  wearing  surface  of  this  pavement  will  last 
better  than  our  present  ones,  will  retain  its  form  and  evenness,  and, 
when  it  requires  changing,  can  be  taken  up  without  disturbing  the  con- 
crete, and  new  pavement  can  be  laid  at  a  less  expense  than  it  costs  us 
to  repave.  Adding  to  our  estimate  of  $28,000,000  the  extra  cost  for 
concrete  foundations,  we  have  about  $35,000,000  as  the  estimated  cost 
of  these  improvements.  Our  valuation  for  taxes  is  about  $126,000,000, 
and  the  expenditure  of  $35,000,000,  which  is  over  one-fourth  of  our  valua- 
tion, looks  like  a  preposterous  idea.  But  what  would  the  result  be? 
Experience  in  other  cities  has  shown  that  the  value  of  the  abutting 
property  is  increased  to  a  great  extent  by  such  improvements,  and  I 
have  no  hesitation  in  saying  that  an  expenditure  of  $35,000,000  in  our 
streets  and  sewers  would  so  increase  our  valuation  that  the  advantage  to 
our  city  would  be  enormous. 

In  cities  with  good  pavements  the  rates  of  fire  insurance  are  less 
than  in  those  having  inferior  streets.  Again,  we  would  gain  from  pave- 
ments. 

Cleanliness  is  next  to  godliness,  and,  as  we  can  never  hope  for  the 
latter  in  a  large  city,  let  us  secure  the  former  and  conduce  to  the  public 
health  by  keeping  our  streets  clean  and  our  sewers  in  order. 

Speaking  of  sewers,  I  hope  the  time  will  come  before  long  when  the 
Cuyahoga  River  shall  be  cleaned  and  purified.  There  are  ways  to  do 
this,  and  among  other  means  I  would  suggest  that  instead  of  emptying 
our  sewers  into  the  river,  we  construct  an  intercepting  sewer  on  each 
side  of  the  river  into  which  all  sewers  must  empty,  and,  connecting 
these  two  into  a  main  sewer  along  the  lake  front,  let  the  latter  empty 
into  the  lake  as  far  east  as  possible.     This  is  merely  a  suggestion,  and 
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the  details  of  it,  when  worked  out,  might  show  obstacles  and  objections 
not  easy  to  overcome  except  at  great  expense  and  by  the  use  of  machin- 
ery and  pumps.  But  it  seems  to  me  that  unless  something  is  done  very 
soon  the  health  of  our  people,  and  thereby  their  usefulness,  will  be 
destroyed  and  our  city  will  become  a  nuisance  to  itself  and  to  the 
world. 

What  we  need  is  a  spirit  of  push,  energy  and  ambition,  together 
with  the  pride  in  ourselves  and  our  city  which  conduces  to  growth  and 
improvement.  There  has  been  too  much  holding  back  and  objecting 
when  public  improvements  are  proposed;  too  many  citizens  who  do  not 
see  that  the  interest  of  the  whole  city  is  their  interest,  and  the  improve- 
ment of  a  part  of  the  city  indirectly  helps  the  whole. 


DISCUSSION. 


Mr.  M.  E.  Rawson. —  For  a  great  many  years  I  have  been  con- 
nected with  Avork  on  the  city  pavements,  and  I  have  yet  to  learn  just 
how  to  pave  and  with  wdiat  material.  Our  pavements  compare  favor- 
ably W'ith  those  of  other  cities.  I  think  there  are  some  pavements  down 
to-day  that  were  laid  in  1858, 1859  and  1860.  They  are  therefore  35 
years  old.  What  more  could  six  inches  of  concrete  foundation  have 
done?  If  we  had  foundations  of  clay  or  drift  as  they  have  in  Chicago, 
we  should  have  done  differently  from  Avhat  we  have  done.  Perhaps  we 
have  made  a  mistake  in  not  putting  in  foundations  earlier  ;  but  it  does 
not  follow  that  because  they  do  it  in  Chicago  or  in  Buffalo  that,  there- 
fore, it  should  be  done  in  Cleveland ;  for  we  have  very  different  soil. 
We  are  continually  digging  trenches  6,  10  or  20  feet  deep.  If  these 
give  Avay  neither  six  nor  twelve  inches  of  concrete  will  hold  the  pave- 
ment after  the  foundation  has  given  way  under  it.  Trenches  are  liable 
to  go  down,  and  will  go  down  in  spite  of  all  the  cai'e  you  can  take.  I 
believe  the  time  is  coming  when  we  should  put  down  more  concrete  foun- 
dations of  broken  stone  as  the  traffic  of  the  city  increases.  We  must 
provide  artificial  drainage  and  carry  the  water  away  from  the  founda- 
tions. All  of  our  block  stone,  and,  in  recent  years,  all  of  our  common 
stone  pavements,  are  laid  with  cement  filling  which  is  impervious  to 
water,  and  the  surface  water  is  thus  shut  off.  In  some  places,  where 
they  are  putting  in  concrete  foundations,  they  are  simply  filling  in  the 
pavement  with  sand,  which  allows  the  surface  water  to  reach  the  foun- 
dations. 

Mr.  Ritchie  has  said  that  before  the  engineer  commences  to  pave  a 
street,  he  should  have  such  a  knowledge  of  it  that  he  can  put  in  every 
pipe  and  every  connection  whicli  will  be  needed  in  the  future.     No  man 
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has  ever  been  found  that  can  do  that.  You  cannot  tell  where  six-inch 
or  four-inch  water  connection,  or  six  or  nine-inch  sewer  connection  will 
be  wanted.  These  things  cannot  all  be  anticipated.  The  gas  companies 
and  water  works  are  continually  enlarging  their  pipes.  A  sewer  built  years 
ago  and  sufficient  for  that  time,  is  found  inadequate  when  larger  blocks 
with  deeper  basements  are  built.  The  house  which  a  man  builds  when 
he  is  worth  four  thousand  dollars  is  difterent  from  that  which  he  builds 
when  he  is  worth  ten  thousand,  and  different  again  from  the  one  he 
builds  when  he  is  worth  fifty  thousand.  It  is  so  with  towns  of  ten,  fifty 
and  one  hundred  thousand  inhabitants. 

In  Buffalo,  nine-tenths  of  all  the  pavements  are  asphalt ;  they  are 
beautiful  to  look  at,  and,  when  made  as  well  as  they  can  be  made,  are 
very  satisfactory  ;  but  I  have  seen  some  pavements  there  Avith  concrete 
foundations  that  do  not  compare  with  our  pavement  on  Superior  Street, 
laid  only  on  earth  foundations.  It  does  not  follow  that  because  Case 
Block  was  built  upon  a  pile  foundation,  that  therefore  the  City  Hall  on  the 
opposite  corner  should  have  had  that  kind  of  a  foundation.  When  they 
built  the  City  Hall,  the  ground  Avater  had  been  drained  nine  or  ten  feet 
deep  and  the  conditions  AA'ere  entirely  changed.  And  so  a  concrete 
foundation  for  a  pavement  is  not  better  if  it  does  not  serve  a  better 
purpose.  It  does  not  follow  that  six  inches  of  concrete  Avould  be 
better  because  it  costs  more.  A  city  engineer  cannot  always  do 
the  thing  that  he  would.  Every  man  here  is  a  king,  he  owns  his 
property  and  a  right  to  the  street  in  front  of  him,  and  he  has  his  say. 
The  City  Council  is  made  up  of  individuals  who  are  susceptible 
to  his  influence,  and  no  engineer  can  crowd  his  own  ideas  through  the 
Board  of  Control  or  City  Council.  I  believe  we  ought  to  have  better 
pavements,  and  I  think  we  should  get  into  our  specifications  something 
that  Avill  make  them  better.  I  believe  Medina  stone  is  the  best  material 
Ave  have  in  this  section  for  streets  of  heavy  traffic.  Pavements  of  this 
material  do  not  become  brittle  or  slippery.  They  do  not  make  as  smooth 
a  pavement  as  brick,  or  as  easy  a  pavement  as  ashphalt.  Asphalt, 
when  it  is  as  good  as  it  can  be  made,  makes  a  beautiful  pavement;  but 
laying  an  asphalt  pavement  is  a  good  deal  like  making  bread.  It  may 
be  successful  to-day,  and  to-morrow  it  may  not  be  so  successful.  The 
failure  may  not  be  the  fault  of  the  contractor.  In  one  street  Avhere  a 
portion  of  the  pavement  was  taken  up  after  it  had  been  down  but  a  short 
time,  the  contractor  told  me  that  he  thought  the  material  first  class,  but 
that  it  must  have  been  chilled  in  transit,  as  it  Avas  late  in  the  Fall  Avhen 
laid.  You  cannot  always  select  your  contractor,  Avhere  the  cheapest  con- 
tractors get  the  work.     I  wish  someone  would  tell  us  a  better  Avay. 

Mr.  John  L.  Culley. — I  quite  agree  with  Mr.  Rawson  in  Avhat  he  has 
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to  say  relative  to  the  use  of  couerete  base  uuder  sheet  pavements.  Con- 
crete base  for  pavements  has  become  a  fad  with  engineers  all  over  the 
country, per  se.  It  must  be  used  without  regard  to  local  requirements. 
In  many  of  our  smaller  cities  this  has  been  a  fruitful  source  of  municipal 
extravagance  and  of  burdensome  taxation.  As  a  general  rule  it  may  be 
stated  that  for  corporations  of  less  than  10,000  inhabitants  there  is  no 
traffic  to  warrant  the  use  of  concrete  base  under  pavements.  In  determin- 
ing the  question  whether  such  base  is  a  necessity,  the  character  of  the  soil 
and  of  the  traffic  should  be  the  directrices.  Throughout  the  resident 
portion  of  Cleveland  there  is  no  necessity  for  concrete  base  over  our 
sandy,  gravely  soils,  nor  is  there  over  clay  soils  or  for  drift  if  the  sub- 
grade  is  properly  drained  and  prepared.  Some  four  or  five  years  since  I 
had  charge  of  the  brick  paving  of  the  west  end  of  Detroit  Street,  then  in 
the  corporation  of  West  Cleveland,  on  the  worst  kind  of  soils,  composed 
of  clay,  drift  and  "  wash  stones."  The  sub-grade  was  excavated  to  crown 
12  inches  between  the  bottom  of  the  pavers  when  in  place.  These  12 
inches  were  then  filled  with  a  gravel  of  good  quality,  thoroughly  puddled 
and  rolled.  Ordinary  4-inch  field  tile  were  placed  under  each  curb.  This 
pavement  does  not  to-day  show  any  signs  of  wear  or  of  settlement.  Un- 
doubtedly, such  a  pavement,  in  business  localities  of  concentrated  traffic, 
would  not  be  able  to  stand  up,  and  would  need  a  stronger  base. 

Engineers,  accustomed  to  concrete  or  other  hard  base  under  pave- 
ment for  residence  streets,  are  surprised  to  find  us  using  earth  under 
ours.  They  are  also  surprised  to  see  them  stand  up  here.  The  reason 
for  this  lies  in  the  better  preparation  of  the  base,  and  in  the  superior 
construction. 

A  weak  point  in  pavement  construction  in  this  city  is  the  method  of 
refilling  with  earth  and  water,  sewer  and  gas  pipe  trenches,  particularly 
the  sewer  trenches.    They  are  refilled  by  (so-called)  puddling  in  the  earth. 

Specifications  require  each  18-iuch  layer  of  earth  to  be  flushed  or 
puddled  with  water.  Practically  the  trenches  are  filled  up  at  once 
within  18  inches  of  grade  before  any  puddling  is  done.  Naturally, 
water  turned  into  a  trench  thus  prepared  quickly  finds  its  way  to  the 
sewer.  The  earth  is  not  compacted,  and  a  depression  is  soon  developed 
in  the  pavement  over  the  sewer.  All  of  this  may  be  avoided  by  tamp- 
ing in  the  Avhole  trench  from  sewer  to  street  grade.  One  rammer  to  two 
shovels  will  answer.  This  involves  no  increase  of  cost  over  puddling. 
The  expense  of  carting  away  the  surplus  earth  in  sewer  construction 
would  more  than  offset  that  of  ramming  it  back  into  the  trench.  All 
this  work,  of  course,  should  be  done  under  the  sewer  contract. 

Col.  J.  A.  Smith. — Of  course,  everyone  knows  that  one  of  the 
greatest  dangers  to  our  pavements  is  due  to  the  settlement  that  comes 
from  the  earth  becoming  more  compacted  in    these  trenches  that  have 
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been  dug.  I  have  noticed  that  in  almost  all  cases  they  return  the  earth 
by  the  process  of  puddling  ;  sometimes  by  the  trenches  being  filled,  and 
sometimes  by  poling  it  in  when  the  trenches  are  nearly  full.  There 
seems  to  be  an  idea  that  by  getting  water  into  the  earth  they  get  more  of 
the  earth  back  than  otherwise.  That  may  be  true  with  certain  limita- 
tions of  labor  saving.  There  may  be  more  earth  settled  back  when  we 
puddle  it  in  than  when  it  is  simply  shoveled  without  ramming.  I  think 
this  idea  was  derived  from  the  fact  that  when  we  puddle  a  dam  it  is  less 
likely  to  be  permeated  by  the  water.  But  the  principles  involved  in 
the  two  cases  are  difterent.  Many  years  ago  my  old  friend,  W.  J.  Mc- 
Alpine,  the  former  president  of  the  American  Society  of  Civil  Engi- 
neers, in  conversing  with  me,  dropped  this  remark:  "Water  abhors  a 
vacuum ;  "  and  in  the  subsequent  discussion  this  remark  was  considerably 
elaborated.  A  particle  of  water,  passing  through  a  puddled  dam,  finds 
no  cracks  or  seams,  but  must  turn  constantly  at  every  moment  of  its 
passage,  so  that  ultimately  the  friction  and  the  other  resistances  it  meets 
tire  it  out  and  stop  the  leakage.  That  same  principle  is  found  in  a 
thousand  things  we  meet  in  hydraulic  engineering.  But  it  does  not  fol- 
low that  the  quantity  of  material  in  a  dam  is  what  causes  its  itnpervi- 
ousness.  Because  the  dam  does  not  leak  when  it  is  puddled,  it  does  not 
follow  that  there  is  more  material  in  it,  but  merely  that  the  material  is 
so  disseminated  that  the  water  cannot  find  passage.  If  the  earth  were 
replaced  in  thin  layers  and  thoroughly  rammed,  I  think  the  subsequent 
trouble  would  be  reduced  to  a  minimum.  I  do  not  know  whether  it 
could  be  prevented  entirely.  I  believe  the  use  of  water,  instead  of 
being  a  benefit,  is  a  positive  injury. 

Mr.  H.  M.  Claflen. — It  is  now  thirty  years  since  I  commenced  to 
do  paving,  and  during  that  time  I  have  laid,  in  eighteen  of  the  larger 
towns,  from  Rochester  to  Chicago,  every  kind  of  pavement  I  know  any- 
thing about.  No  man  has  ever  yet  laid  a  perfect  pavement.  The  Appian 
Way  comes  as  near  to  it  as  anything,  but  the  construction  there  used  is 
among  the  lost  arts.  The  subject  of  pavements  is  of  more  importance 
to  a  city  and  to  the  people  of  this  country  than  they  appreciate. 
A  well-paved  town  and  clean  streets  bespeak  the  character  of  the 
population  of  that  town.  I  do  not  think  the  engineers  are  always 
responsible  for  poor  pavements,  any  more  than  architects  are  always 
responsible  for  poor  buildings.  Suppose  an  architect  is  requested 
to  make  plans  for  a  block.  He  submits  them  Avith  estimate,  and 
the  proprietor  says  "No,  can't  stand  it;  cut  that  in  two."  What  is 
the  result?  You  see  it  all  over  Cleveland,  and  you  cannot  blame  the 
architect.  It  is  so  with  engineers.  If  you  had  assessed  upon  property 
owners  fifteen  years  ago  a  tax  that  would  permit  the  laying  of  a  first- 
class  pavement,  I  have  no  doubt  there  would  have  been  a  "kick."     This 
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city  has  been  slow  to  progress  in  that  matter.  Sixteen  years  ago  I  laid 
the  first  block  pavement  that  was  laid  here,  and  I  could  not  get  any  pay 
for  it  at  all.  I  am  not  paid  for  it  to-day.  Why  ?  They  thought  I  was 
crazy  to  lay  such  a  nice  piece  of  pavement,  and  they  would  not  pay  for 
it  even  as  the  price  of  a  common  pavement.  It  is  in  existence  to-day, 
and  people  saw  in  due  time  the  result  and  began  to  want  that  kind  of 
pavement,  and  I  have  laid  many  miles  here,  as  well  as  in  other  cities. 
As  a  general  principal  of  engineering,  the  man  Avho  puts  in  scant  ma- 
terial, and  the  man  who  puts  in  more  than  is  necessary,  are  both  guilty 
of  poor  engineering. 

In  reference  to  foundations  of  pavements,  the  success  of  the  block- 
stone  pavement  which  I  was  the  first  to  lay  in  this  country,  and  which  was 
laid  on  a  sand  foundation,  filling  the  interstices  with  cement  which  keeps 
out  the  water  and  preserves  the  foundation,  has  been  to  my  mind  a  mat- 
ter of  wonder.  There  are  pavements  of  this  kind  which  I  laid  fifteen 
years  ago,  and  which  are  in  perfect  condition  to-day  without  any  set- 
tling. But,  if  it  were  left  to  me,  I  think  I  should  put  a  foundation  under 
all  pavements,  both  brick  and  stone;  but  I  would  not  use  concrete.  I 
do  not  think  it  is  necessary.  In  1872,  High  Street,  in  Columbus,  was 
paved  with  asphalt.  Some  ten  years  later  the  asphalt  was  taken  out 
and  the  street  was  repaved  with  block  stone.  In  doing  that  work  we 
had  the  old  concrete  under  the  asphalt  to  dispose  of  in  some  way.  It  was 
picked  up,  leveled  off  and  rolled  with  a  heavy  steam  roller.  On  top  of 
that  was  put  a  cushion-coat  of  sand,  and  in  that  was  set  the  block  stone, 
the  interstices  being  filled  with  cement,  and  it  is  there  to-day  in  perfect 
shape.  Third  Street  was,  soon  afterward,  paved  with  block  stone,  and 
the  same  specifications  were  adopted,  and  the  street  was  paved  in  the 
same  way.  It  is  a  perfect  street  to-dav.  Nearly  all  the  paved  streets 
in  Columbus  have  been  treated  in  the  same  Avay.  The  advantages  of 
that  treatment  are,  (a)  saving  in  cost ;  (6)  a  street  can  be  paved  with 
less  inconvenience  without  discommoding  the  business  of  the  street. 

Summit  Street,  in  Toledo,  is  another  instance  of  paving  on  a  sand 
foundation.  I  paved  that  street  with  block  stone  about  twelve  years  ago. 
Summit  Street  is  on  a  bed  of  clay,  and  when  it  was  paved  a  water-pipe 
was  put  in  on  one  side,  and  a  sewer  on  the  other  side,  the  railroad  tracks 
were  relaid,  and  water  and  gas  connections  were  put  in.  It  looked  as 
though  the  rabbits  had  occupied  it.  However,  we  I'eplaced  this  material, 
ramming  it  thoroughly.  Puddliug  was  impracticable.  We  put  on  twelve 
inches  of  good  lake  sand,  and  paved  the  street  in  that,  and  it  is  as  pretty 
a  piece  of  pavement  as  there  is  in  that  or  any  other  town.  It  has  not 
settled.  But  my  suggested  broken  stone  foundation  makes  a  sure  thing 
in  any  doubtful  case,  and  is  not  very  expensive. 

The  Chair. — During  my  recent  trip  abroad  I  often  heard  Araeri- 
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caus  speak  of  the  good  pavements  of  London  and  Paris,  and  of  the 
poor  pavements  in  our  large  American  cities.  I  believe  our  engineeis 
understand  the  methods  of  laying  pavements  as  well  as  those  abroad, 
but  in  Europe  they  take  a  great  deal  more  pains  in  putting  them  down 
and  better  care  of  them  after  they  are  down.  In  Berlin  I  saw  them 
laying  stone  pavements  of  granite  blocks  perhaps  an  inch  larger  each 
way  than  those  used  by  us.  They  first  prepared  the  roadway  with  a 
heavy  roller,  and  then  put  on  the  small  broken  stones.  The  stones 
were  not  tumbled  in  by  the  cart-load  and  then  leveled  off,  but  men  on 
their  hands  and  knees  were  carefully  placing  each  piece  in  its  proper 
place.  They  then  put  two  or  three  inches  of  gravel  on  top,  over  which 
the  block  stones  were  laid.  On  the  end  of  every  stone  was  a  large 
figure  showing  that  it  had  been  inspected  as  to  quality,  size  and  shape. 
They  all  seemed  to  be  perfect  stones,  but  there  must  have  been  consid- 
erable difference  in  them,  for  they  were  figured  from  one  to  four.  The 
gravel  for  filling  the  spaces  between  the  blocks  was  not  dumped  on  top 
and  washed  in  with  a  hose,  as  we  have  often  seen  it  done  here,  but  care- 
fully tamped  in.  After  the  proper  amount  of  gravel  was  put  in,  the 
remaining  spaces  were  filled  with  cement.  The  work  throughout  seemed 
to  be  done  with  the  greatest  care,  so  that  if  there  was  to  be  any  settling 
at  all  it  should  take  place  uniformly  over  the  whole  street,  and  not  in 
spots.  In  London  I  saw  a  pavement  being  put  down  consisting  of  con- 
crete about  six  inches  deep,  covered  with  a  cushion  of  gravel  upon 
which  the  granite  blocks  were  laid. 

Wood-block  pavements,  laid  upon  concrete,  are  extensively  used 
throughout  London  and  upon  many  of  the  streets  having  the  heaviest 
traffic.  Asphalt  also  is  largely  used,  the  same  as  in  Paris.  In  these 
cities  special  care  is  taken  to  keep  the  streets  in  good  repair.  On  the 
Strand  I  noticed  they  were  taking  up  a  pavement  of  wood  blocks  that 
had  become  somewhat  worn  and  irregular,  but  which  we  would  call  in 
fair  condition,  and  would  probably  have  left  it  for  several  years.  The 
wood  blocks  are  quickly  replaced  by  new  ones,  much  of  the  work  being 
done  in  the  night.  The  splendid  condition  of  the  streets,  together  with 
the  rubber  tires,  which  are  now  universally  used  upon  the  wheels  of  the 
cabs,  make  driving  about  London  very  pleasant. 

Mr.  Claflex. — Of  course,  London  is  ahead  of  us  about  a  thousand 
years  in  experience,  but  we  have  made  great  progress  in  this  country, 
and  with  cheap  money  now  attainable  we  can  make  further  progress. 
When  I  laid  the  first  j)avement  here  on  Superior  Street,  in  1868,  I  had 
to  take  8  per  cent,  bonds  in  payment.  I  could  not  sell  them  here.  I 
went  to  Boston  and  there  sold,  for  72  J  cents  on  the  dollar,  the  first  char- 
tered city  bonds  ever  issued  for  paving.  You  can  figure  from  that  and 
see  what  it  cost  the  people  of  this  town  to  furnish  money  for  paving  at 
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that  time,  and  how  hard  it  was  to  introduce  a  first-class  permanent  pave- 
ment, which  must  be  expensive  at  the  first. 

Mr.  a.  H.  Porter. — I  wish  to  say  just  a  word  in  approval  of  the 
course  that  has  been  pursued  by  our  engineers  in  the  matter  of  paving 
here  in  Cleveland,  up  to  the  present  time.  We  have  read  and  heard  so 
much  about  our  poor  pavements,  that  without  a  little  reflection  on  our 
part,  we  are  likely  to  think  that  a  large  portion  of  the  money  invested 
in  our  pavements  has  been  actually  squandered,  while  the  facts  are  that 
the  money  has,  in  the  main,  been  exceedingly  well  and  judiciously 
expended,  and  we  have  to-day  pavements  that  will  compare  favorably 
with  those  of  any  other  city,  of  equal  size,  in  the  country. 

I  believe  in  doing  all  work,  public  and  private,  in  the  best  manner 
possible,  for  the  purpose  in  view ;  but  to  do  this  often  requires  the  most 
careful  study  of  the  problem  to  be  solved.  It  requires  no  more  talent 
or  skill  to  design  a  work  which  is  too  good  and  expensive,  than  it  does 
to  design  one  that  is  inferior  and  inadequate  to  the  purpose  for  which  it 
was  constructed.  Engineers  have  committed  the  first  mistake  faroftener 
than  they  have  the  second,  and  all  of  our  cities  and  the  country  are  full  of 
works  of  this  kind,  but  they  are  less  known  than  the  comparatively  few 
failures  that  have  been  recorded  and  widely  published.  Extravagance 
has  been  far  more  productive  of  bankruptcy  than  a  too  sparing  use  of 
proper  materials. 

Cleveland  is  now  paving  large  areas  every  year,  and  I  am  pleased 
to  state  that  all  that  is  laid  under  the  specifications  and  supervision  of 
our  city  engineer,  is  admirably  adapted  to  the  purpose  for  which  it  is  to 
be  used.  The  worst  specimens  that  we  have,  those  which  have  called 
forth  a  large  part  of  the  unfavorable  comments  we  have  heard,  are 
those  which  have  not  been  thus  put  down  under  the  supervision  of  the 
city.  There  is  no  doubt  that  the  most  substantial  pavement  will  last 
longest  under  the  most  severe  traffic ;  neither  is  there  any  doubt  that  a 
cheaper  pavement  would  last  just  as  long  on  some  other  street  'with 
light  traffic. 

Cleveland  is  certainly  well  favored  in  one  respect,  and  that  is  that 
the  foundation  of  our  pavements  is  the  sand  which  underlies  all  of  our 
streets,  and  which  is  easily  drained  as  soon  as  a  sewer  is  built.  This  can 
be  wet  and  rolled  so  solidly  that  in  walking  across  it  not  a  footprint 
will  be  seen.  It  furnishes  an  excellent  foundation  for  a  cheap  pavement 
on  many  of  our  side  streets  where  traffic  is,  and  probably  always  will  be, 
light.  I  live  on  a  street  that  has  been  paved  with  brick  for  three  and  a  half 
years,  and  not  a  brick  has  been  removed  for  any  cause  whatever,  and 
there  is  not  a  broken  brick  on  the  street,  nor  a  place  that  shows  the 
slightest  signs  of  settlement,  even  after  a  rain.  This  pavement  was  laid 
under  the  most  rigid  inspection,  directly  upon  the  sand  of  the  street, 
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after  it  had  been  properly  graded  and  rolled,  aud  I  believe  that  a 
better,  cheaper  and  more  satisfactory  pavement  is  not  to  be  had.  I  do 
not  pretend  that  this  would  be  suitable  for  all  streets,  but  there  are 
large  numbers  of  streets  in  all  of  our  cities  where  it  would  prove  the 
ideal  pavement.  It  can  be  laid  and  paid  for  in  innumerable  instances 
where  some  of  the  other  kinds  would  almost  cause  practical  confiscation 
of  the  poor  man's  property  on  the  street.  I  also  think  that  traffic 
should  be  so  regulated  by  law  as  not  to  allow  the  destruction  of  our 
lighter  pavements  by  a  small  amount  of  exceedingly  heavy  hauling, 
which  canjustas  well  take  some  other  route  where  it  will  cause  no  damage. 

President  Swasey. — Reference  having  been  made  to  the  Appian 
Way,  I  would  like  to  say  a  few  words  in  regard  to  that  "  Queen  of 
Roads,"  which  I  visited  a  few  mouths  ago.  One  of  the  most  interesting 
sights  to  the  traveler  in  Rome  is  the  ride  of  six  or  seven  miles  over  that 
highway,  built  300  years  B.  C.  The  road  is  composed  of  smooth  flat 
stones  about  2  feet  across,  of  irregular  shape,  well  fitted  together.  I 
measured  the  width  of  the  roadway  at  several  points  about  a  mile  apart, 
and  found  it  to  be  13  feet  9  inches  from  curb  to  curb,  with  scarcely  an}'- 
variatiou.  For  much  of  the  way  the  original  stones  are  left  bare, 
showing  their  smooth,  polished  surfaces  which  almost  glisten  in  the  sun- 
light. These  stones  are  so  hard  that  they  show  but  little  wear  from  the 
wheels  which  have  been  passing  over  them  for  so  many  hundred  years. 
The  road  extends  as  far  as  the  eye  can  reach  over  the  Roman  Campagna 
toward  Naples  until  it  vanishes  into  a  faint  line  over  the  mountains,  and 
it  is  as  true  and  straight  as  the  engineer  of  to-day  could  lay  it  out  with 
his  most  improved  instruments. 

As  to  the  construction  of  the  Appian  Way  being  a  lost  art,  we 
should  consider  where  it  is  located  and  the  conditions  under  which  it 
was  built.  In  the  first  place,  the  climate  is  all  that  could  be  desired. 
There  is  scarcely  any  frost  or  snow,  and  the  atmosphere  seems  to  pre- 
serve the  building  materials  instead  of  destroying  them.  Structures 
which  have  stood  in  Rome  for  2000  years,  and  will,  no  doubt,  stand  as 
long  again,  would,  if  in  this  country,  commence  to  decay  in  a  very  few 
years.  The  natural  foundation  upon  which  the  road  is  built  could  not 
be  better,  for  it  is  the  same  volcanic  tufa  which  was  used  in  the  Roman 
cement,  and  in  which  the  Catacombs,  beside  the  Appian  Way,  are  exca- 
vated. These  underground  galleries,  some  of  them  with  vertical  sides 
8  feet  or  10  feet  high,  have  stood,  without  caving  in,  ever  since  the 
second  century ;  aud  no  wonder  that  in  such  a  climate  and  with  such  a 
foundation  the  hard  flat  stones  of  the  Appian  Way  have  remained  just 
as  they  were  laid  2000  years  ago.  I  believe  that  if  our  Engineers 
were  given  similar  conditions  and  materials,  they  could  construct  a  road 
equally  good. 
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Attempts  have  been  made  to  distribute  artificial  refrigeration  in 
a  limited  territory  by  the  use  of  anhydrous  ammonia.  The  cost  of  this 
material  necessitates  its  return  to  the  central  station,  involving,  in  the 
construction  of  a  plant,  not  only  the  pipe  for  its  distribution,  but  pipes 
and  fittings  larger  and  several  times  more  expensive  than  the  dis- 
tributing pipes,  for  its  return;  and  in  practice  it  has  been  found  neces- 
sary to  employ  three  pipes,  with  the  attendant  complication  and 
expense,  both  in  construction  and  maintenance.  The  meter  measure- 
ment to  the  consumer  is  not  satisfactorily  operative,  and  automatic  regu- 
lation is  impracticable,  if  not  impossible  ;  still,  the  demand  is  so  great 
for  even  this  crude  service,  and  it  is  so  much  superior  to  the  use  of  ice, 
that  consumers  cheerfully  pay  a  price  sufficient  to  make  a  small  and 
expensive  plant  of  this  kind  commercially  remunerative.  Furnishing  a 
product  without  measurement  is  commercially  possible  only  on  a  limited 
scale. 

I  do  not  wish  to  detract  one  iota  from  the  credit  that  is  due  to  those 
who  have  perfected  the  ammonia  refrigerating  machine,  but  the  causes 
that  have  almost  invariably  effected  a  failure  in  district  steam  heating 
plants  operate  to  produce  a  failure  in  district  refrigeration  by  the 
ammonia  process,  to  wit:  Too  great  complication  and  expensive  con- 
struction, no  practical  system  of  meterage  or  means  of  regulating  the 
effect  produced,  together  with  excessive  expense  for  maintenance  and 
inspection. 

Pipe-line  refrigeration  has  come  to  stay,  and  will  displace  ice  for 
nearly  all  purposes  for  which  the  same  is  now  used  ;  and  some  system 
other  than  that  in  which  ammonia  is  used  must  and  will  be  used  in  all 
places  where  refrigerating  effects  are  to  be  produced  on  a  large  scale, 
and  divided  among  many  small  consumers,  in  the  same  way  that  natural 
and  fuel  gas  has  replaced  steam  for  heating  purposes  under  similar 
conditions.  Carbon  dioxide  is  the  substance  to  be  employed  for  the 
following  reasons,  namely  : 

Less  cost  of  production,  less  complication  and  therefore  less  expen- 
sive construction  ;  less  cost  of  maintenance  and  less  need  of  inspection* 

*  Manuscript  received  March  18,  1895. — Secretary,  Ai^m.  Eng.  Socs. 
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together  with  accurate  measurement  of  product  and  easy  regulation  of 
effect,  with  incidental  uses  not  obtainable  with  ammonia. 

The  following  may  be  called  a  commercial  law  : 

No  commercial  enterprise  on  an  extensive  scale  can  attain  and 
maintain  enduring  success  that  must  recover  its  product;  that  has  no 
substantially  accurate  and  readily  comprehended  means  of  measurement 
upon  which  to  base  charges  for  product  furnished,  or  that  cannot  regu- 
late, either  automatically  or  readily  by  the  assistance  of  the  consumer, 
the  effect  produced  by  the  product  furnished. 

Carbon  dioxide  possesses  the  physical  properties  and  can  be  produced, 
delivered  and  furnished  to  small  consumers  under  such  conditions  as  to 
force  its  adoption  for  the  many  purposes  for  which  it  is  so  pre-eminently 
adapted.  It  can  be  produced  so  cheaply  that  its  recovery  would 
materially  increase  the  cost  of  its  production.  It  is  comparatively  a 
harmless  gas,  as  it  is  a  necessary  constituent  of  many  articles  of  food 
and  drink.  It  is  the  best  available  refrigerant  known  to  science, 
being  capable  of  producing  a  temperature  in  a  few  minutes  even  more 
than  100  degrees  below  zero  Fahr,  It  is,  therefore,  useful  in  many 
chemical  processes  where  ammonia  could  not  be  employed.  It  is  odor- 
less, and  neither  inflammable,  corrosive  nor  explosive.  It  is  the  best  pre- 
servative of  furs  and  woolen  goods  known,  keepiugthem  from  the  ravages 
of  insects  and  worms  without  impregnating  them  with  any  odor. 

The  loss  occasioned  by  the  average  fire  is  due  more  to  the  water  than 
to  the  fire.  In  many  cases  the  amount  of  goods  actually  consumed  or 
damaged  by  the  fire  and  smoke  is  less  than  one-tenth  of  the  damage 
done  by  the  water  used  to  extinguish  the  fire. 

The  well-knowai  properties  of  carbon  dioxide  to  extinguish  fires  have 
been  used  in  portable  fire  extinguishers  and  chemical  engines.  One  of 
the  advantages  of  carbon  dioxide  for  extinguishing  fires  is,  that  the  heat 
produced  by  the  fire  assists  in  its  own  extinction  by  inducing  a  current 
of  mixed  air  and  carbon  dioxide  to  flow  to  the  point  of  combustion,  and 
thereby  extinguishing  or  wiping  out  the  fire  just  as  water  would  be 
wiped  off  from  either  a  vertical  or  horizontal  surface  with  a  dry  sponge 
or  rag  drawn  over  it. 

I  have  devised  a  system  and  devices  by  which  carbon  dioxide  may  be 
produced  in  a  liquid  form  on  a  large  scale,  at  a  comparatively  insignifi- 
cant cost ;  and  have  devised  processes,  methods  and  apparatus  for  its 
utilization.  The  devices  are  simple  in  construction,  readily  understood 
by  the  average  mechanic ;  they  are  easily  constructed  and  put  in  opera- 
tion and  can  be  tested  at  any  time  without  danger  to  the  operator. 

It  requires  but  a  very  small  amount  of  gaseous  dioxide  to  extinguish 
a  fire  in  its  incipient  stages,  from  4  to  10  per  cent,  is  ample.  As  the  gas 
comes  out  it  falls  to  the  floor,  mixing  with  the  air  as  it  goes.      The  heat 
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caused  by  the  fire  induces  a  flow  of  the  mixed  air  and  gas  to  the  exact 
place  where  the  combustion  is  going  on,  and  immediately  extinguishes  it. 
As  soon  as  the  fire  is  extinguished,  the  temperature  of  the  air  at  the  ceil- 
ing is  reduced,  the  thermostat  ceases  to  operate,  the  automatic  valve 
closes,  and  the  apartment  is  in  the  same  condition  as  it  was  before  the  fire. 

This  gas  can  be  adapted  for  use  in  refrigerator  cars.  It  will  also  give 
preservation  with  a  dry  atmosphere,  with  but  little  refrigerative  effect,  or 
a  freezing  temperature  to  keep  frozen  goods. 

The  system  consists  of  a  central  station  provided  with  one  or  more 
gas  producers,  calcining  retorts,  distilling  apparatus,  boilers,  engines, 
pumps,  compressors  and  incidental  apparatus.  The  raw  materials  re- 
quired are  soft  coal  and  limestone.  The  products  are  carbon  dioxide, 
commercial  lime,  carbonate  of  ammonia  and  coal  tar. 

The  coal  is  supplied  to  retorts,  and  subjected  to  destructive  distilla- 
tion, in  nearly  the  same  manner  as  in  ordinary  gas  works,  the  tar  and 
aramoniacal  liquor  being  separated,  the  former  being  sold  in  that  state 
and  the  latter  distilled  and  converted  into  carbonate  of  ammonia, 
packed  and  sold.  The  coke  is  converted  into  a  semi-water  gas,  which  is 
used  to  calcine  the  limestone.  The  lime  produced  is  of  the  best  quality 
and  is  sold  on  the  open  market  either  in  bulk  or  by  the  barrel.  The 
dioxide  is  purified,  cooled,  compressed  and  liquefied  in  the  same  way  as 
is  done  in  ordinary  manufacturies  where  this  substance  is  produced  for 
commercial  purposes.  The  liquid  dioxide  then  passes  by  its  own  press- 
ure into  the  main  distributing  pipes  in  the  street.  At  the  curbstone  is 
a  service  cock;  just  inside  of  the  consumer's  premises  is  an  automatic 
valve,  which  cuts  off  the  supply  in  case  of  a  break  or  careless  manage- 
ment of  the  apparatus  on  the  consumer's  premises ;  if  the  break  is  per- 
manent, or  anything  has  happened  equal  to  a  rupture  of  the  service 
pipe,  the  supply  remains  substantially  shut  off.  When  the  damage  is 
repaired  and  normal  conditions  established  the  supply  is  automatically 
turned  on.  From  this  valve  the  dioxide  passes  to  a  meter,  thence  to 
the  automatic  regulating  valve  in  the  refrigerator,  which  is  set  to  main- 
tain any  temperature  desired,  from  which  valve  the  dioxide  is  conducted 
into  the  cooling  chamber  or  coil  located  in  the  space  to  be  cooled. 
Thereafter  the  dioxide  in  gaseous  form  may  be  used  to  charge  drinking 
water,  ale,  beer  or  wine,  and  for  forciug  these  or  other  liquids  from  a 
lower  to  a  higher  level,  as  from  the  basement  of  stores  and  restaurants 
to  any  floor  above  ;  or  the  gas  can  be  used  for  the  preservation  of  nearly 
all  kinds  of  food  products,  where  a  low  temperature  is  not  necessary, 
especially  for  fruits,  vegetables  and  meats.  It  can  also  be  used  for  small 
powers,  and  the  heat  that  is  extracted  from  the  substances  cooled  goes  a 
long  way  towards  furnishing  the  motive  power  required  in  connection 
therewith. 
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Briefly,  the  services  above  referred  to  are  to  be  furnished  from  a 
central  station,  somewhat  similar  to  a  gas  or  water  works  plant,  and  the 
carbon  dioxide,  after  its  production,  delivered  into  flasks  or  cylinders 
for  use  on  board  cars,  ships,  or  at  other  places  not  directly  connected 
with  the  central  station.  Or,  the  dioxide  is  delivered  into  a  ramifica- 
tion of  pipes  leading  to  the  premises  of  the  various  consumers  where  it 
is  metered,  automatically  regulated,  and  the  resulting  gas  allowed  to  go 
to  waste. 

One  ton  of  good  soft  coal  and  S}  tons  of  limestone  will  produce 
rather  more  than  3,500  pounds  of  lime,  3,000  pounds  of  carbon  di- 
oxide, 6  to  7  gallons  of  coal  tar  and  40  to  50  pounds  of  carbonate  of 
ammonia. 
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RAIIiROAD  SIGXAIjING. 


Bv  Charles  S.  Churchill,  Member  of  the  Association  of  Engineers  of 

Virginia. 


[Read  January  17,  1894.*] 

In  the  most  primitive  method  of  operating  a  railroad  all  trains  are 
scheduled  and  have  stated  meeting  points.  Each  meeting  point  must  be 
made  within  a  given  time  limit.  This  plan  primarily  requires  no 
signals ;  in  other  words,  the  absence  of  a  danger  signal  means  safety. 
Carrying  out  this  general  idea,  switch  stands  are  sometimes  made  with 
but  one  target;  the  edge  of  that  target  faces  the  train  when  the  main 
line  is  clear,  and  the  Avhole  target  shows  at  danger  when  the  main  track 
is  not  clear. 

As  the  business  on  a  road  increases,  this  primitive  method  requires 
extension  and  change.  At  given  points  along  the  road,  at  distances  as 
nearly  uniform  as  possible,  telegraph  operators  are  stationed,  who,  acting 
under  a  dispatcher,  give  special  train  orders,  using  a  danger  flag  or  its 
equivalent  when  orders  are  at  hand. 

In  the  next  advanced  step,  all  train-order  stations  are  equipped 
Avith  fixed  signals,  each  conveying  one  of  the  three  ideas — danger, 
caution  and  safety — and  controlled  by  the  operator  under  the  direction 
of  a  train  dispatcher.  The  absence  of  a  sigQal  still  means  safety,  and  a 
fixed  time  interval  is  required  between  all  trains.  French  roads  are 
mostly  operated  on  this  plan,  and  it  is  said  that,  notwithstanding  its 
defects,  good  results  are  secured,  the  system  being  carefully  worked  out. 
Many  miles  of  railroad  in  this  country  are  still  operated  on  this  plan. 

Under  the  next  more  advanced  plan  the  movements  of  trains  are 
governed  by  telegraphic  orders  in  addition  to  time  tables.  This  requires 
a  number  of  offices  along  the  line  of  the  road,  with  an  operator  on  duty 
in  each,  and  a  fixed  signal  under  the  control  of  the  o})erator,  directed 
by  the  train  dispatcher.  Each  signal  shall  shoAV  danger  except  when 
changed  to  safety  to  allow  a  train  to  pass,  after  getting  orders,  or  after 
ascertaining  that  there  are  no  orders.  In  this  system  the  absence  of  a 
signal  means  danger,  and  requires  a  stop,  with  the  protection  of  the 
trains  under  the  rules.  The  time  interval  is  in  force,  since  there  are 
often  more  than  one  train  between  two  train-order  offices  at  the  same 
time.  Very  many  miles  of  road  in  this  country  are  operated  under  this 
system.  The  distance  apart  of  the  train-order  offices  is  determined  by 
tl)e  amount  of  traffic  to  be  handled. 

*  Maniiscrii)L  received  March  11,  1895. — Secretary,  Assn.  Eng.  Socs. 
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A  still  further  improvement,  both  in  safety  and  in  rapidity  of  train 
movements,  is  secured  by  dividing  the  road  into  blocks ;  /.  e.,  approxi- 
mately regular  spaces,  and  placing  at  each  end  of  each  block  an 
operator  controlling  the  signals  under  the  direction  of  the  train  dis' 
patcher.  In  this  case  the  operator  may  show  three  forms  of  signals ; 
first,  a  signal  signifying  safety  and  giving  the  information  that  the  track 
is  clear,  subject  to  the  regular  schedule;  second,  a  cautionary  signal, 
showing  that  a  train  has  preceded  at  a  given  number  of  minutes  consti- 
tuting the  time  interval;  or,  third,  a  danger  signal,  showing  that  the 
track  is  occupied  or  requiring  a  train  to  stop  for  orders.  This  system, 
in  its  most  complete  form,  is  known  as  the  "  Block  System,"  and,  in  its 
most  complete  manner  of  operation,  is  known  as  the  "Absolute  Block." 
The  time  interval  is  no  longer  used,  and  but  one  train  is  allowed  in  a 
block  at  the  same  time. 

In  operating  the  block  system,  either  no  signals  at  all  are  required, 
as  in  the  case  of  the  staff  system;  or,  if  operated  by  signals,  the  road  must 
be  very  completely  equipped  with  them.  In  the  staff  system,  the  engineer 
of  a  train  receives  at  the  entrance  of  a  block  a  staff,  which  is  equivalent 
to  an  absolute  train  order  over  that  block  and  gives  him  right  of  track 
until  he  delivers  it  to  the  operator  at  the  other  end  of  the  block. 

In  addition  to  the  blocking  of  the  road  for  the  operation  of  trains, 
grade  crossings,  junction  points,  yards,  etc.,  on  a  busy  road,  require 
their  switches  to  be  interlocked  for  safety  and  thrown  by  one  operator 
from  a  tower.  This  necessitates  a  complete  system  of  signals  for  the 
government  of  trains  at  such  points,  and,  of  course,  this  system  must  be 
in  harmony  with  whatever  form  of  signaling  is  adopted  along  the  main 
line  of  the  road. 

In  the  following  I  will  attempt  to  describe  some  of  the  systems 
employed,  and  the  methods  of  signaling;  and  first  I  quote  some  defini- 
tions expressing  the  views  of"  the  American  Railway  Association  on 
block  signals,  but  make  note  that  items  7  and  8  below  are  omitted  from 
the  definitions  last  issued. 

(1)  Block. — A  length  of  track  of  defined  limits,  the  use  of  which,  by 
trains,  is  controlled  by  fixed  signals  prescribed  and  established  for  that 
purpose. 

(2)  Block  Signals. — Fixed  signals  prescribed  and  established  for 
the  purpose  of  controlling  the  use  of  a  block. 

(3)  Home  Block  Signal. — A  fixed  signal  at  the  entrance  of  a  block, 
to  control  trains  on  entering  and  using  said  blocks. 

(4)  Distant  Block  Signal. — A  fixed  signal  of  distinctive  character 
used  in  connection  with  a  home  block  signal  to  regulate  the  approach 
thereto. 

26 
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(5)  Advance  Block  Signal. — An  auxiliary  fixed  signal  placed  in 
advance  of  a  home  block  signal  and  worked  in  connection  therewith. 

(6)  Block  Signal  System. — A  series  of  consecutive  blocks  controlled 
by  block  signals. 

(7)  The  Absolute  Operation  of  a  block  signal  system  permits  but 
one  train  at  a  time  to  occupy  the  block. 

(8)  The  Permissive  Operation  of  a  block  signal  system  permits 
under  certain  regulations,  more  than  one  train  at  a  time  to  occupy  a 
block. 

(9)  A  Telegraphic  Block  Signal  system  is  one  which  is  operated 
manually,  as  directed  by  telegraph. 

(10)  A  Controlled  Manual  Block  Signal  system  is  one  which  is 
operated  manually,  but  which,  by  its  construction,  prevents  the  display 
of  a  "  clear  signal  "  while  the  block  is  occupied  by  a  train. 

(11)  An  Automatic  Block  Signal  system  is  one  which  is  self-opera- 
tive, whether  by  mechanical,  electrical,  pneumatic  or  other  device. 

A  block  signal  may  or  may  not  be  of  the  same  form  as  those  used 
for  interlocking  or  for  train  orders.  The  practice  of  roads  in  this 
country  and  in  different  countries  varies  greatly  in  this  respect. 

According  to  the  practice  in  this  country,  the  position  of  signals  is 
most  generally  to  the  right  of  or  directly  over  the  track  governed. 
This  practice  is  not  uniformly  followed  in  Europe,  however.  It  is  a 
lundamental  law  of  signaling,  that,  when  out  of  order,  signals  shall  go 
to  the  danger  position,  whatever  that  may  be;  that  is,- they  should  go 
to  danger  automatically. 

The  meaning  of  a  signal  may  be  conveyed  either  by  color  or  by 
position.  In  this  country  the  general  practice  requires  that  the  meaning 
is  to  be  conveyed  by  a  combination  of  color  and  position.  The  three 
plainest  colors  are  red,  white  and  green;  hence,  these  colors  have  been 
adopted  for  railroad  signaling.  In  this  country  white  is  generally  used 
to  signify  safety;  green  is  used  to  signify  caution,  and  is,  therefore, 
used  for  distant  signals,  while  red  is  used  to  signify  danger  and  an  order 
to  stop.  Fi'om  the  fact  that  when  the  glass  of  a  night  signal  is  broken, 
a  white  light  would  appear,  it  has  been  thought  undesirable  to  use  white 
to  signify  safety,  and  consequently,  in  England,  safety  is  signified  by 
green,  danger  by  red,  and  a  signal  showing  white  is  to  be  regarded  as  a 
danger  signal.  In  England,  therefore,  there  is  no  distinctive  color  for  a 
distant  signal.  Red  is  used,  and  the  fact  that  it  is  a  cautionary  signal 
is  shown  only  by  its  location  along  the  track.  In  France  the  same 
colors  are  used  for  signals  as  in  this  country. 

These  colors  are  generally  obtained  by  lights  with  white  or  colored 
lenses. 

Day  signals,  both  in  this  country  and  in  foreign  countries,  may  be 
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colored  disks,  the  same  colors  being  used  as  at  night.  Colored  disks  are 
generally  used  in  France.  They  are  used  also  on  a  number  of  roads  in 
this  country.  However,  it  is  generally  conceded  that  a  colored  arm, 
projecting  from  a  post,  is  a  more  distinctive  signal  than  a  disk,  except, 
perhaps,  in  tunnels.  For  this  reason  the  semaphore  signal  is  used  very 
extensively  in  this  country,  in  England  and  in  Germany. 

The  most  common  practice  in  this  country  requires  that  the  post  be 
about  20  feet  high,  painted  white,  and  situated  to  the  right  of  the  track 
governed  by  its  signals.  The  semaphore  arm  projects  to  the  right  of 
the  post  and  is  painted  red  in  case  it  is  a  block,  home  or  train-order 
signal ;  or  green  if  it  is  a  distant  signal.  In  the  last  case  the  end  of  the 
semaphore  is  generally  notched.  However,  practice  is  not  uniform, 
even  in  this  country.  In  the  case  of  roads  with  more  than  two  tracks, 
semaphores  are  placed  on  bridges  and  are  then  directly  over  the  track 
governed. 

In  a  horizontal  position,  a  block,  home  or  train-order  signal  signi- 
fies danger,  or  "stop."  Inclined  at  au  angle  of  45°  or  over,  it  signifies 
safety,  or,  in  case  of  a  permissive  block  system,  if  inclined  at  an  angle 
of  less  than  45°,  it  gives  a  train  permission  to  go  ahead  under  control. 
A  green  semaphore  signifies  caution  when  in  a  horizontal  position,  and 
safety  when  in  an  inclined  position. 

More  than  two  semaphores  are  often  arranged  on  the  same  post 
where  they  govern  over  two  routes.  In  this  case  the  upper  blade  gen- 
erally controls  the  high-speed  route,  and  the  lower  ones  govern  the 
routes  in  order  from  right  to  left.  However,  this  practice  is  not  entirely 
uniform,  even  in  this  country. 

In  order  to  fully  protect  a  junction  or  a  set  of  switches  at  a  station 
by  an  interlocking  system  with  sephaniore  signals  and  to  secure  a 
prompt  and  safe  movement  of  traffic,  signals  have  become  quite  num- 
erous. 

To  show  their  variety,  the  attached  statement  is  appended : 


77^ 
Fig.  L 

A. — First  distant. 

B. — Second  distant,  for  suburban  traffic  or  for  very  high-speed  roads, 

say,  ninety  miles  per  hour. 
C. — Rear  home  (a  route  signal). 
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D. — Home,  protecting  train  standing  at  station. 

E. — Starting,  conveying  order  to  start  and  covering  siding  sAvitch. 

F. — Advance.  This  is  placed  a  train  length  in  advance  of  siding 
switch  to  cover  switching  movements. 

G. — Siding.     This  covers  departure  of  trains  from  siding. 

H. — Wrong  track,  governing  west-boimd  movements  on  east-bound 
track. 

J. — Shifting. 

K. — Calling  on  signal.  This  signals  trains  to  advance  slowly  past 
the  tower  for  clearing  home  signal  D. 

The  above  list  is  given  more  especially  to  show  how  complicated  a 
system  of  signals  may  become.  It  should  be  stated  that  the  complica- 
tion of  signals  is  not  looked  upon  with  very  much  favor. 

As  intimated  above,  there  is  some  difference  of  opinion  as  to  the 
best  form  of  signals.  It  is  generally  conceded  that  a  very  strong  light, 
whatever  its  color,  is  the  best  for  night.  Some,  however,  wish  to  adhere 
to  the  position  plan  and  go  to  considerable  expense  in  order  to  illumin- 
ate their  semaphores  at  night,  as  in  the  Koyle  signal  and  the  Union 
Switch  and  Signal  Co.'s  hollow  box  blade.  There  are  others  who  think 
a  disk  is  suitable  for  day,  and  confine  themselves  to  the  color  method  by 
day,  and  who  are  also  able  to  use  the  same  form  of  disk  and  the  same  colors 
as  at  night.  Some  recommend,  for  block  signals,  a  form  of  signals  dif- 
ferent from  that  used  for  interlocking.  This  would  allow  of  the  use  of 
a  disk  signal  for  blocking  and  a  semaphore  for  interlocking.  The  Boston 
and  Albany  Railroad  uses  two  white  lights  placed  in  horizontal  position  for 
danger,  and  two  green  lights  placed  in  a  vertical  position  for  clear.  The 
Old  Colony  Railroad  has  two  red  lights  placed  horizontally  for  danger 
and  two  white  lights  j)laced  vertically  for  clear.  In  this  way  they  secure 
position  signals  at  night,  just  the  same  as  by  day  by  the  use  of  the 
semaphore. 

Having  described  the  signals,  it  is  necessary  to  describe  their  method 
of  operation.  In  interlocking  plants,  both  the  switches  and  signals  are 
controlled  and  thrown  by  an  operator  in  a  tower  or  signal  station  located 
generally  near  the  switches.  In  case  a  mechanical  device  is  used,  a 
Saxby  &  Farmer  or  a  Stevens  machine  is  used,  either  in  original  form 
or  as  modified  by  recent  improvements.  These  improvements  have  been 
very  great  in  the  last  ten  years.  A  lever  is  not  only  provided  to  throw 
switches  and  signals  easily,  but  the  switches  and  signals  are  all  inter- 
locked by  a  series  of  locking-dogs  or  their  equivalent,  so  arranged  on 
the  machine  that  no  switch  can  be  thrown  without  its  corresponding 
signal  and  that  a  signal,  even  for  a  desired  route,  cannot  be  given  until 
all  the  switches  have  been  safely  placed  for  that  movement.  By  such  a 
machine,  switches  1,200  feet  distant  from  a  tower  in  each  direction  can 
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be  thrown  by  pipes  of  11  inches  diameter,  which  are  used  to  transmit 
the  motion  ;  and  signals  distant  about  3,000  feet,  on  each  side  of  the 
tower,  can  be  operated  by  the  use  of  double  wires.  I  will  not  attempt  to 
go  into  the  details  of  these  machines  and  their  connections. 

An  improvement  on  this  method  of  throwing  switches  and  signals 
is  obtained  through  the  use  of  compressed  air.  In  the  system  known  as 
the  Westinghouse  electro-pneumatic,  controlled  by  the  Union  Switch  and 
Signal  Co.,  both  switches  and  signals  are  thrown  by  air  under  a  pressure 
of  forty  pounds  per  square  inch.  The  air  necessary  for  this  purpose  is 
compressed  by  pumps  located  at  or  near  the  signal  station,  and  is  con- 
veyed in  pipes  to  whatever  switch  or  signal  it  may  be  desired  to  operate. 
This  switch  or  signal  may  be  several  miles  distant  from  the  tower.  At 
each  switch  or  signal  is  a  cylinder,  with  a  piston,  and  air  is  conveyed  to 
the  signal  piston  through  valves,  which  are  operated  by  electricity.  In 
the  case  of  the  switch  cylinders,  the  air  acts  on  oil,  which  latter  conveys 
the  motion  directly  to  the  piston,  the  air  valves  being  opened  by  elec- 
tricity. With  this  system  the  operator  has  only  to  turn  a  small  switch, 
no  larger  than  an  ordinary  electric  switch,  in  order  to  throw  any  switch 
or  signal  connected  with  the  signal  plant,  covering,  as  stated  above, 
several  miles  in  extent.  This  system  requires  a  plant  for  compressing 
air,  careful  laying  of  pipe  lines  and  the  necessary  mechanism  at  the 
switches  and  signals  to  move  them.  It  also  requires  a  telegraph  line,  so 
that  electricity  can  be  used  for  opening  the  valves  and  for  locking  them. 
The  switches  and  signals  are  interlocked,  the  same  as  in  the  mechanical 
plants  already  described,  the  interlocking  device  being  located  in  the 
tower,  but  occupying  a  very  small  space  as  compared  with  that  required 
for  the  mechanical  device.  In  the  tower  is  always  placed  a  tell-tale 
apparatus,  on  which  is  reported  every  movement  taking  place  in  the 
track;  and  this  movement  is  not  shown  on  the  tell-tale  apparatus  until 
it  is  completed  in  track.  Electric  bells  and  annunciators,  for  showing 
the  location  of  trains,  complete  the  system.  The  Stewart  Avenue  Plant, 
Chicago,  is  the  latest  one  of  this  system  installed.  By  this  plant,  86 
signals,  37  single  switches,  22  double  slip  switches  and  22  movable  frogs 
are  thrown  by  a  machine  having  only  90  levers  and  occuying  a  space  of 
5  X  24  feet.  A  mechanical  machine,  to  do  this  same  work,  would  re- 
quire 187  levers,  and  the  machine  would  occupy  a  space  of  14  x  77  feet. 
All  signals  are  lighted  by  electricity  supplied  from  the  power-house. 

A  pneumatic  system,  as  described  above,  is  also  used  for  block 
signaling  over  long  distances.  The  system  is  used  at  many  important 
points  on  the  Pennsylvania  Railroad,  At  Jersey  City  three  trains  can 
pass  over  the  same  track  out  of  that  station  within  H  minutes  under 
the  operation  of  this  system. 

This  system  is  applicable  to  very  large  plants.     It  is  too  expensive 
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for  small  iuterlockiug  plants,  or  even  for  those  of  ordinary  size.  It  is 
undoubtedly  the  most  complete  system  of  its  kind  at  present  in  use  any- 
where. 

In  Italy,  glycerine  has  been  used  to  transmit  motion  for  switches 
and  signals,  as  also  an  unfreezing  mixture  of  water;  but  the  hydraulic 
pressure  used  there  is  from  50  to  60  atmospheres,  and  this  pressure  ia 
too  great  for  very  successful  use. 

At  St.  Louis  bridge  a  hydraulic  pressure  system  was  first  used  in 
1883,  controlling  tracks  along  a  distance  of  three  miles,  and  operating 
switches  on  twenty-eight  miles  of  sidings.  This  was  not  an  entire  suc- 
cess, however,  and  air  is  now  used  to  transmit  the  motion,  but  hydraulic 
pressure  is  used  at  the  valves.  This  plant  consists  of  108  levers,  throw- 
ing 138  switches  and  signals,  and  handling  about  131  trains  daily. 

Another  system,  striving  for  the  same  end  as  that  of  the  Union 
Switch  and  Signal  Co.,  is  a  new  one  recently  brought  out  by  the  Electric 
and  Auto-pneumatic  Railway  Signal  Co.,  Rochester,  N.  Y.,  and  now 
being  tried.  This  is  strictly  a  pneumatic  system,  but,  in  this  case,  not 
only  are  the  switches  and  signals  moved  by  compressed  air,  but  the 
interlocking  of  the  switches  and  signals  is  secured  through  the  same 
means,  and  the  pressure  of  air  necessary  for  operating  the  switches  and 
signals  is  only  ten  pounds  per  square  inch.  A  plant  of  this  form  has 
recently  been  put  in  use  on  the  Delaware,  Lackawanna  and  Western 
Railroad  at  Buffalo,  N.  Y.  The  movement  of  the  switches  and  signals 
is  controlled  by  a  small  lever  and  a  seven- way  valve.  It  is  through  this 
peculiar  valve  that  the  interlocking  is  secured. 

Electricity  also  has  been  used  in  interlocking  apparatus;  i.  e.,  elec- 
tricity both  for  throwing  switches  and  for  throwing  signals,  as  well  as 
interlocking  them.  The  Ramsey-Weir  interlocking  apparatus,  which  is 
being  tried  on  the  Cincinnati,  Hamilton  and  Dayton  Railroad,  Cincin- 
nati, is  an  example.  The  power  is  obtained  from  a  gasoline  engine 
operating  an  Edison  dynamo  of  125  volts,  and  a  storage  battery,  which 
is  charged  every  twenty-four  hours  by  a  dynamo  working  for  eight 
hours.  The  plant,  operated  in  this  manner,  consists  of  ten  switches  and 
ten  signals.  The  cost  of  fuel  for  the  engine  is  placed  at  seventy-five 
cents  per  day.  The  apparatus,  as  a  whole,  is  very  complicated  and  its 
success  has  not  yet  been  entirely  proved. 

The  most  complete  purely  electrical  system  is  the  Siemens-Halske, 
of  Germany.  This  system  is  used  for  blocking  as  well  as  for  interlock- 
ing. The  signals  are  operated  by  a  Siemens  machine  producing  an 
alternating  current  generated  by  the  operator  turning  a  crank.  This 
system  has  not  yet  been  introduced  in  this  country. 

Having  described  the  various  signals  and  their  operating  plants  in 
interlocking,  it  is  proper  to  take  up  the  details  of 


RAILROAD  SIGNALING.  291 

BLOCK    SIGNALING. 

Ou  very  busy  nuiiii  lines  the  block  system  is  required  for  perfectly 
safe  operation  ;  but  the  kind  of  system  to  be  adopted  depends  upon  the 
character  of  the  traffic,  and  considerable  study  is  necessary  to  determine 
what  is  necessary  and  best  in  any  given  case.  The  systems  of  operation 
are  the  train-staff  system,  the  telegraph  block,  the  controlled  manual 
block  and  the  automatic  system. 

Tlie  electric  train-staff  system  is  very  much  used  in  England,  and 
is  considered  the  safest  for  single  track.  The  Webb  &  Thomson  form 
requires,  at  every  block  station,  an  operator,  and  a  patent  staff  machine, 
which  is  about  5  feet  liigh  and  is  provided  with  a  slot  to  receive  the 
train  staves,  which  are  each  about  ]5  inches  long.  At  the  top  of  the 
machine  are  an  electrical  lock,  an  annunciator  and  a  key  for  communi- 
cating with  adjacent  block  stations.  The  construction  of  the  machine 
is  such  that  only  one  staff  can  be  taken  out  of  it  at  a  time,  and,  having 
been  taken  out  of  the  machine  in  the  first  station,  the  staff  must  be 
deposited  in  the  machine  in  the  second  station  before  a  second  one  can 
be  issued  from  the  first  station.  Likewise,  Station  2  cannot  issue  a  staff 
for  a  train  bound  for  Station  1  if  Station  1  has  already  issued  one.  The 
staves  are  readily  exchanged  between  an  engineman  and  a  signalman 
ou  route.  In  case  of  moderate  speeds  a  bag  is  used,  with  an  apparatus 
working  on  the  same  principal  as  a  mail  crane. 

Another  machine  on  the  same  principle,  but  more  compact,  is  Tyre's 
Train  Tablet  Apparatus.  The  working  of  the  block  is  exactly  the  same 
as  that  above  described,  but  in  this  case,  instead  of  using  iron  staves, 
small  iron  tablets  are  used.  An  engineman,  holding  either  a  train  staff 
or  a  train  tablet,  has  an  absolute  right  on  the  section  to  which  it  belongs, 
it  being  equivalent  to  an  absolute  train  order;  and  it  is  utterly  impos- 
sible for  a  train,  moving  in  either  the  same  or  an  opposite  directiou,  to 
get  upon  the  same  block  with  another  under  the  block  rules. 

The  operation  of  this  absolute  block  system  requires  no  block  or 
order  signals  Avhatever,  but  they  may  be  used  to  give  notice  of  stafi'. 

The  telegraphic  block  si/stem  calls  for  signal  stations  at  the  ends  of 
all  blocks,  and  the  block  signals  should  be  controlled  by  signalmen  only. 
The  normal  position  of  the  signal  should  be  at  danger,  so  that  they  shall 
require  clearing  in  order  to  allow  a  train  to  pass.  Signals  should  be 
restored  to  danger  after  the  rear  of  a  train  has  cleared  the  signal  station 
a  distance  of  100  yards.  The  operator  at  that  station  is  then  in  position 
to  report  to  the  preceding  station,  or  to  the  dispatcher,  that  that  block 
is  clear.  In  this  system,  either  the  home  signal  should  be  placed  in 
advance  of  switches  near  the  station,  or  a  starting  signal  should  be  placed 
in  advance  of  the  home  signal  and  in  advance  of  all  switches,  this  to  be 
interlocked  with  the  block  signals  and  to  be  used  for  starting  trains. 
The  simple  telegraph  system  secures  no  check  on  the  operators. 
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The  Mozier  system,  which  is  extensively  used  on  the  New  York, 
Lake  Erie  and  Western  Railroad,  is  an  improvement  on  the  simple  tele- 
graph block.  The  block  signals  are  arranged  for  three  positions.  A  sema- 
phore in  a  horizontal  position  by  day,  or  a  red  light  by  night,  signifies 
danger ;  the  semaphore  inclined  upward  by  day,  or  a  green  light  by 
night,  signifies  caution ;  and  a  semaphore  inclined  downward  at  an 
angle  of  45°  by  day,  or  a  white  light  by  night,  signifies  safety.  As 
operated  on  tlie  New  York,  Lake  Erie  and  Western  Railroad,  the 
cautionary  signal  is  not  used  for  passenger  trains;  in  other  words, 
passenger  trains  are  run  under  an  absolute  block  system,  while  freight 
trains  are  run  on  the  permissive  block  system,  using  the  cautionary 
signal.  All  trains  are  under  the  direct  control  of  the  dispatcher.  The 
operator's  key  is  locked  with  the  signal,  so  that  it  cannot  be  used  unless 
the  signal  is  at  danger.  The  operator  sets  his  signal  under  the  direction 
of  the  dispatcher,  who  orders  red,  green  or  white  as  desired  on  the 
approach  of  a  train  reported  by  the  operator.  The  dispatcher  signs  his 
initials,  and  the  operator  repeats  the  order.  To  adopt  this  system  over 
the  old  form  of  train  orders  required  an  increase  of  40  per  cent,  in  the 
number  of  train  orders,  but  the  orders  are  very  short,  and  it  is  reported 
that  the  system  is  liked  by  both  the  dispatchers  and  operators,  and  that 
an  increased  amount  of  trafiic  is  handled.  No  distant  signals  at  block 
stations  are  used,  and,  therefore,  an  accident  is  possible  in  case  of  freight 
trains  using  the  permissive  block. 

The  Controlled  Manual  Block  si/stem  requires  that  the  operator  shall 
not  be  able  to  give  a  clear  signal  for  a  second  train  until  the  advance 
block  has  been  cleared.  It  requires,  furthei-,  that  all  sidings  shall  be 
interlocked  at  the  block  stations.  It  is  further  recommended  that  a  bell 
or  other  audible  signal  be  attached  to  such  switches  in  a  block  as  may 
not  be  interlocked,  so  that  information  may  be  given  to  the  train  about 
to  use  such  main-line  switch  to  leave  a  siding  when  the  block  is  clear. 
The  use  of  the  Sykes  Block  system,  W'ith  all  switches  interlocked,  covers 
these  reijuirements.  This  system  is  in  extensive  use  on  the  New  York 
Central  and  Hudson  River  Railroad,  and  on  the  New  York,  New 
Haven  and  Hartford  Railroad,  as  well  as  some  others. 

The  Sykes  system  calls  for  an  electric  locking  device,  enclosed  in  a 
small  box,  which  is  placed  in  the  signal  station  at  the  end  of  each 
block,  these  instruments  being  connected  together  by  wire.  A  miniature 
semaphore  arm  over  the  box  shows  whether  the  advance  block  is  clear 
or  not.  In  addition  to  this,  an  annunciator  shows  whether  or  not  the 
signal  lever  is  locked. 

With  three  signal  stations  (A,  B  and  C),  A,  having  a  train  for  B, 
signals  him  accordingly  by  bell.  If  B  is  ready  to  receive  the  train  he 
presses  a  plunger  in  his  instrument,  which  causes  the  words  "  Train  On  " 
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to  appear  iu  the  opening  in  his  instrument,  the  word  "  Locked  "  to  dis- 
appear in  the  opening  in  A's  instrument  and  the  word  "  Free  "  to  take 
its  place.  B's  plunger  is  locked  and  remains  so  until  the  train  has 
passed  his  home  signal,  while  simultaneously  A's  starting  signal  is 
unlocked.  He  lowers  it  and  allows  the  train  to  go  towards  B.  This 
action,  however,  brings  forward  the  word  "  Locked  "  in  A's  instrument. 
A  then  raises  the  starting  signal  to  danger,  and  it  cannot  be  lowered 
again  without  B's  permission.  Before  B  can  lower  his  starting  signal, 
the  train  must  pass  an  insulated  section  of  track  at  his  station,  and  he 
must  go  through  the  same  action  with  C  that  A  has  previously  gone 
through  with  B.  Further,  B  is  obliged  to  raise  the  starting  signal  to 
danger  behind  the  train  he  forwards  to  C,  before  he  can  permit  A  to 
send  him  another  train. 

It  is,  therefore,  an  absolute  block  in  every  sense  of  the  word. 

In  its  most  complete  form,  the  system  calls  for  home,  advance  and 
distant  signals  at  each  block,  and  requires  the  release  of  these  signals  to 
take  jilace  in  the  order  :  home,  advance  and  distant.  It  further  requires 
the  electric  control  of  outlying  switches.  This  is  accomplished  by 
derails  in  every  siding  connecting  with  siding  switch  through  one  lever 
in  a  small  hut  at  the  switch,  and  an  electrical  lock  is  placed  on  this 
lever,  which  is  controlled  at  the  tower  at  the  outgoing  end  of  the  block. 
The  tower  and  hut  are  connected  by  a  bell  code.  The  detail  is  iu  use 
on  both  the  roads  above  named. 

On  the  New  York  Central  and  Hudson  River  Railroad,  in  order  to 
secure  the  best  possible  service,  a  special  cable  is  used  for  the  wires  in 
the  system.  It  is  an  eight-conductor,  aerial  cable,  suspended  12  feet 
above  the  ground  on  Western  Union  telegraph  poles,  with  an  inter- 
mediate pole,  the  cable  being  supported  by  a  No.  6  iron  wire. 

In  case  of  the  failui'e  of  the  electric  line  under  this  system,  the 
operator  on  the  New  York  Central  and  Hudson  River  Railroad  is  not 
allowed,  under  any  circumstances,  to  unlock  hisSykes  instrument.  But 
the  operator,  knowing  that  his  advance  block  is  in  proper  condition, 
allows  a  train  to  go  forward  under  a  written  order,  thus  temporarily 
reducing  the  block  from  absolute  to  permissive. 

The  Sykes' system  is  used  in  the  Fourth  Avenue  tunnel,  Harlem.  The 
disk  signals  here  usel  are  supplemented  by  torpedo-exploders  and  gong- 
signals.  The  torpedoes  may  be  placed  on  the  track  ahead  of  a  train 
and  the  gongs  may,  if  necessary,  be  sounded  by  the  action  of  the 
operator  at  any  time  during  the  passage  of  a  train.  Both  of  these 
signals  are  in  harmony  with  the  visual  signals.  Further  than  this,  in 
the  cabin  is  shown  the  position  of  all  signals  in  the  tunnel,  and  the  con- 
dition of  every  light  is  shown  by  a  simple  device  acting  in  such  a  man- 
ner that  when  a  li2:ht  is  out  the  continuous  electrical  current  is  broken 


294  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

by  the  contraction  of  two  zinc  strips  placed  close  to  the  light.  In  this 
case,  the  automatic  signals  are  used  in  addition  to  the  Sykes  system,  the 
automatic  blocks  being  properly  overlapped,  and  all  these  visual  signals 
go  to  danger  upon  the  passage  of  a  train,  these  automatic  signals  being 
operated  through  a  track  circuit.  As  a  double  check  on  the  entire  sys- 
tem, all  the  distant  automatic  signals  are  controlled  by  the  wire  circuit, 
and  home  signals  by  the  track  circuit.  Under  ordinary  circumstances, 
therefore,  the  automatic  system  is  used  in  this  tunnel,  and  the  Sykes 
system  is  put  in  use  whenever,  from  any  reason,  the  automatic  system 
fails. 

Before  the  New  York  Central  and  Hudson  River  Railroad  adopted 
the  Sykes  apparatus,  it  used  extensively  two  forms  of  automatic  signals 
— the  "  pneumatic,"  and  the  "  Hall  " — but  it  was  found  that  these  auto- 
matic signals  could  not  be  worked  under  absolute  rules.  Engines 
had  to  be  allowed  to  pass  the  block  signal  at  danger,  provided  they 
waited  a  time  interval ;  and  any  automatic  signal  must  have  such  a  rule. 
It  was  for  this  reason  that  the  Sykes  system  was  adopted  on  the  New 
York  Central  and  Hudson  River  Railroad. 

The  Siemeus-Halske  system,  already  mentioned,  is  exactly  similar  to 
the  Sykes  in  its  results.  The  most  important  difference  between  the  two 
is  in  the  use  of  the  electric  current  generated  by  the  operator,  instead  of 
the  battery  circuit,  to  which,  of  course,  there  is  some  liability  of  acci- 
dent in  case  of  storm.  In  this  system  the  power  necessary  to  change  a 
block  is  generated  by  the  operator,  who  turns  a  crank  at  his  locking 
instrument,  twenty-one  alternating  currents  being  required  for  this  pur- 
pose.    This  block  system  is  not  in  use  in  this  country  at  present. 

Another  form  of  controlled  block  system  is  the  "  Lattig,"  advanced 
by  the  National  Switch  and  Signal  Company,  and  claimed  to  be  applicable 
to  both  single-  and  double-tracked  railroads.  By  means  of  the  adapta- 
tion of  the  electric  slot  to  the  signal,  it  is  automatically  set  at  danger  by 
the  passing  of  a  train,  and  cannot  be  lowered  by  the  signalman  until  the 
train  has  passed  on  to  the  next  block.  In  other  words,  the  signal  is 
automatically  set  at  danger  and  is  so  maintained,  but  is  set  to  safety  only 
by  hand.  The  system  may  be  used  either  with  the  wire  circuit  or  with 
the  track  circuit.  The  latter,  of  course,  gives  the  most  complete  protec- 
tion while  it  is  worked  properly.  In  this  system  the  current  is  always 
on.  This  requires  considerable  expense  in  maintaining  batteries  and 
they  are  liable  to  get  out  of  order.  Further,  the  electrical  slot  arrange- 
ment attached  to  each  signal,  in  order  to  secure  an  absolute  block,  is  a 
somewhat  delicate  apparatus  and  liable  to  get  out  of  order.  The  system 
cannot  be  regarded  as  proved. 

We  will  now  pass  to  the  Aufomatic  Block  system.  To  this  system 
belongs  the  Westinghouse  I*neumatic-Automatic,  extensively  used  on  the 
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Peunsylvania  Railroad,  also  used  on  the  Chicago,  Burlington  and 
Quincy  Railroad;  and  on  the  Central  Railroad  of  New  Jersey.  Fig.  2 
shows  the  arrangement  of  signals  on  the  Central  Railroad  of  New 
Jersey. 

In  brief,  the  track  is  arranged  with  double  or  overlapping  blocks, 
separate  posts  being  furnished  for  each  track.  There  are  two  blades  on 
each  post,  the  upper  one  red,  with  red  lamp  at  night,  and  the  lower  one 
green,  with  a  green  lamp  at  night.  When  either  of  these  blades  is  low- 
ered to  a  safety  position,  a  white  light  is  shoAvn  at  night,  and  an  engine- 
man  passing  a  signal  with  the  red  arm  lowered  to  safety  and  a  green 
arm  at  danger  position,  must  slack  up  and  be  prepared  to  stop  at  tlie 
next  signal.  The  blocks  are  short,  say,  about  one  mile  in  length.  The 
lengths  of  the  blocks  would  naturally  vary,  with  the  traffic  requirements 
of  the  road. 

In  this  device  the  track  circuit  is  used,  consequently  a  block  signal 
cannot  go  to  safety  while  a  train,  or  any  portion  of  it,  is  in  the  block. 
This  end  is  secured  by  the  fact  that  the  signals  are  locked  to  their  danger 
position  by  electricity,  and  are  placed  in  the  circuit  with  the  track.    The 
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power  to  move  the  signal  arms  is  derived  from  compressed  air,  conveyed 
in  pipes  along  the  track.  This  comjDressed  air  acts  upon  a  piston 
enclosed  in  a  cylinder  placed  at  each  signal,  as  described  in  detail  under 
the  head  of  Interlocking.  The  track  circuit  is  so  arranged,  in  passing 
through  switches,  that  the  circuit  is  not  complete  unless  closed  to  the 
main  line.  Therefore,  the  signals  cannot  go  to  safety  unless  all  switches 
are  properly  set.  The  system  is  a  very  complete  one,  but  is  expensive 
and  is  generally  considered  to  be  out  of  the  reach  of  a  single-track  rail- 
road. Of  course,  it  is  possible  for  these  automatic  signals  to  fail,  from 
two  causes : 

(1)  From  any  defect  in  the  pipe  line  or  in  the  cylinder  attachment 
at  the  signals. 

(2)  From  any  failure  in  the  working  of  the  electric  current. 

In  case  of  either  of  these  failures,  however,  the  signal  goes  to 
danger,  in  which  event  the  train  must  proceed  under  special  rules. 

The  Electric  and  Auto-Pneumatic  Railway  Signal  Company,  of 
Rochester,  N.  Y.,  is  attempting  to  inti'oduce  a  pneumatic  block  system 
carrying  out  its  principle,  which  is  described  under  the  head  of  Inter- 
locking.    This  system  uses  compressed  air,  both  for  moving  the  signals 
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and  for  locking  them  ;  also,  for  locking  switches,  and  it  does  not  use 
the  electric  circuit,  and,  therefore,  does  not  attempt  to  protect  the  track 
so  thoroughly  as  does  the  device  of  the  Union  Switch  and  Signal  Com- 
pany, already  described. 

The  Hall  Signal  Company  has  a  very  complete  automatic  signal 
system  extensively  used  on  the  Illinois  Central  Railroad.  It  is  used 
also  on  the  New  York  Central  and  Hudson  River  Railroad,  New 
York,  New  Haven  and  Hartford  Railroad,  the  Central  Railroad  of  New 
Jersey,  and  many  others.  It  is  purely  an  electrical  device,  electricity 
being  u.sed  to  throw  all  signals.  The  signals  are  disks  in  three  colors — 
red  for  danger,  green  for  caution  and  white  for  safety.  The  night  sig- 
nal shows  the  same  as  the  day  signal.  The  block  signals  may  be  placed 
at  any  desired  distance  apart,  and  may  be  overlapped  as  much  as  may 
be  thought  necessary  for  safety  on  any  given  road.  The  signal  may  be 
operated  by  a  wire  circuit,  in  which  case  instruments,  operated  by  the 
passing  of  a  train  to  close  the  electric  circuit,  are  used  along  the  track. 
These  track  instruments  have  been  proved  to  be  a  very  complete  and 
unfailing  device. 

A  train,  entering  a  block,  passes  a  block  track  instrument  which 
breaks  the  current,  and  the  signal  falls  to  danger.  The  same  train,  pass- 
ing out  of  this  block,  goes  over  a  clear-track  instrument,  which  closes  the 
circuit  and  raises  the  first  signal  to  safety.  The  current  is,  therefore, 
closed  except  when  a  train  is  in  the  block  or  when  a  switch  is  open  in 
the  block. 

In  this  scheme,  therefore,  the  normal  position  of  all  signals  is  at 
safety.  A  signal  will  always  drop  to  danger  in  case  a  train  is  in  a 
block,  or  in  case  of  an  open  switch  or  an  accident  to  the  apparatus. 

The  Hall  signal  may,  however,  be  operated  by  a  track  circuit.  In 
this  case  the  rail  circuit  is  made  very  complete  by  the  detail  of  the  wire 
fastenings  used  at  the  joints,  and  the  rail  current  is  carried  through 
switches  by  means  of  a  special  switch  instrument.  The  track  is  divided 
into  blocks,  the  rails  of  which  are  insulated  from  each  other.  In  the 
normal  safety  scheme,  while  there  is  no  electrical  contact  between  the 
two  lines  of  rail  in  a  block,  the  block  signal  is  at  safety.  A  train  enter- 
ing this  block  short-circuits  the  track  battery  through  the  wheels,  and 
the  signal  falls  to  danger;  or,  in  case  a  switch  is  open  in  the  block,  the 
signal  circuit  is  broken  and  the  signal  falls  to  danger.  A  train  passing 
out  of  this  block  causes  the  local  signal  battery  to  restore  the  signal  to 
safety. 

In  the  normal  danger  scheme,  signals  stand  at  danger,  and  are 
cleared  only  when  an  approaching  train  reaches  a  given  point  in 
advance  of  the  block  signal  and  in  sight  of  the  engineer.  It  is  again 
dropped  to  danger  when  the  train  reaches  it,  and  is  locked  so  that  it 
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cannot  be  cleared  by  a  following  train  until  the  first  one  has  passed  out 
of  the  block  and  is  under  the  protection  of  the  succeeding  signal. 

This  last  scheme  is  a  very  complete  and  effective  system  of  auto- 
matic block  signaling,  and  costs  but  about  one-third  as  much  as  the 
pneumatic-automatic  system.  Applied  to  a  single-tracked  railroad,  its 
working  is  shown  as  follows  (Fig.  3)  : 

Head  of  train  at  A  blocks  opposing  signal  2. 

Head  of  train  at  1  blocks  signal  1  and  opposing  signal  4  ;  opposing 
signal  2  remains  at  danger. 

Rear  of  train  at  2  clears  signal  2  ;  signals  4  and  1  remain  at 
danger. 

Head  of  train  at  3  blocks  signal  3  and  opposing  signal  6  ;  signals 
1  and  4  remain  at  danger. 

Rear  of  train  at  4  clears  signals  1   and  4  ;  3   and   6   remain  at 

danger. 

Head  of  train  at  5  blocks  5  and  signals  in  advance,  signals  3  and 

6  remaining  at  danger. 

Head  of  train  at  6  clears  signal  3;  5  remains  at  danger,  etc.,  etc. 

^    , (§>^  (^ 
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2' 

Fig.  3. 


Upon  a  road  which,  under  the  controlled  manual  block  system, 
required  operators  four  miles  apart  to  handle  the  traffic,  the  introduc- 
tion of  this  system  would  enable  the  placing  of  the  operators  twelve 
miles  apart,  each  opsrator  having  control  of  the  signals  at  a  passing 
siding  through  an  interlocking  board  and  tell-tale  at  his  station. 

The  extension  of  this  system  announces  trains  approaching  all 
block  stations,  passenger  stations,  road  crossings  and  switches. 

In  attempting  to  make  any  comparison  between  the  controlled 
manual  system  and  the  automatic  system,  it  is  generally  considered  that 
the  manual  signals  are  more  liable  to  be  obayed  by  euginemea  than  the 
automatic,  as  disobedience  of  the  former  leads  to"  a  report  from  the 
operator,  while  no  I'eports  are  possible  in  the  latter  case.  In  the  case  of 
accident  to  the  automatic  system,  it  is  inert ;  while  in  case  of  accident 
to  the  manual  system  men  are  at  hand  to  take  action  to  provide  against 
accident  and  to  straighten  out  obstructions  to  traffic.  However,  the 
cost  of  operating  the  mauual  system  is  greater  than  that  of  the  auto- 
matic, in  some  of  its  forms  (such  as  the  "Hall");  but,  further,  the 
automatic  is  applicable  to  a  more  complete  protection  of  the  track, 
road-crossings,  etc.,  than  is  po.ssible  with  the  manual. 

As  compared  with  any  telegraph  or  train-order  system,  block  sig- 
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naling  is  generally  considered  more  economical,  as  it  affords  a  better 
protection  of  the  track,  and  avoids  danger  of  small  rear  collisions,  and 
this  to  such  an  extent  as  to  cover  the  cost  of  the  blocking. 

The  devices  mentioned  show  methods  of  protecting  track  and 
securing  a  constant  check  upon  operators.  The  check  upon  engineers 
is  not  quite  so  complete,  although  their  obedience  to  signals  is  in  many 
cases  assured  dy  derailing  switches,  and  in  other  cases,  as  in  tunnels,  by 
the  use  of  automatic  torpedoes  or  gongs.  Still  further  advancement  is 
constantly  being  effected.  The  Electric  and  Auto-Pneumatic  Railway 
Signal  Co.,  of  Rochester,  N.  Y.,  who  are  introducing  a  pneumatic  block 
system,  already  described,  have,  in  connection  with  their  system,  a  shoe, 
■which  is  placed  between  the  rails  opposite  a  danger  signal,  and  which 
projects  above  the  rail  whenever  the  danger  signal  is  not  at  safety.  If, 
therefore,  an  engineer  passes  a  danger  signal,  a  projection  from  the 
engine,  connecting  with  the  air-cock  of  the  air-brake  system,  strikes  the 
shoe,  and  this  action  results  in  the  setting  of  the  brakes.  This  system  is 
not  fully  proved. 

The  Rowell-Potter  automatic  block  signal,  which  was  used  on  the 
Intramural  Railway,  Chicago,  uses  a  track-circuit  system  of  block 
signals,  and  has  also  a  bar  which  projects  above  the  rail  whenever  the 
signal  is  at  danger.  Tliis  comes  in  contact  with  a  rod  extending 
below  the  front  truck  of  the  engine  and  provided  with  rollers  on  its 
end.  This,  striking  the  raised  bar,  opens  the  air  valve  and  applies  the 
brakes. 

Of  other  devices  many  have  been  brought  forward,  but  thus  far  not 
extensively  used.  One  of  these  is  the  Kinsman  Block  system.  It  is  a 
purely  electrical  device,  and  claims  to  stop  trains  without  the  agency  of 
the  engineer  in  case  the  block  in  advance  is  not  clear,  or  in  the  event  of 
an  open  switch  or  broken  rail  in  the  advance  block  In  this  system  the 
track  is  divided  into  blocks  two  miles  or  less  in  length,  and  the  track- 
circuit  system  is  used.  At  the  ends  of  the  block  is  a  guard  rail,  which 
is  electrified  in  case  the  block  controlled  by  it  is  not  clear  in  every 
respect.  An  electric  signal,  displaying  a  disk,  may  be  used  in  addition, 
if  desired;  but  with  this  block  system  the  visual  signals  are  not  regarded 
as  absolutely  necessary.  Each  engine  is  equipped  with  an  arm,  sus- 
pended between  the  wheels  and  adjusted  to  press  against  all  guard  rails, 
like  the  flange  of  a  wheel.  This  arm  is  electrically  connected  with  an 
instrument  in  the  engine  cab.  The  latter  is  directly  attached  to  the 
air-brake  pipe,  and  this,  in  turn,  is  connected  with  the  cylinder  of  the 
throttle  rod.  In  case  an  engine,  so  equipped,  reaches  an  obstructed 
block,  the  suspended  arm  of  the  engine  takes  a  current  from  the  electri- 
fied guard  rail,  and  the  electrical  instrument  in  the  cab  first  acts  inde- 
pendently of  the  engineer,  to  shut  off  the  steam,  and,  by  opening  the  air- 
valve,  puts  on  all  the  brakes  of  the  train. 
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The  device  in  tlie  engine  cab  is,  I  think,  quite  complete.  The  guard- 
rail device  is  not  yet  proved,  and,  I  think,  is  inferior  to  the  inducing 
magnets  of  the  Wiley  system.  The  signal  recommended  in  connection 
Avitli  this  system  is  not  very  good,  but  it  is  claimed  that  the  engine 
equipment  can  be  used  with  Hall  signals,  if  desired. 

This  block  system  was  first  introduced  in  1891.  Experiments  are 
now  being  made  on  three  miles  of  the  New  York,  Susquehanna  and 
Western  Railroad,  and  on  twelve  miles  of  the  Chicago,  Milwaukee  and 
St.  Paul  Railroad.  On  the  latter  road  it  is  reported  by  the  railroad 
people  that,  on  account  of  the  electrified  guard  rails,  the  experiments 
are  not  yet  wholly  successful.  In  cost,  this  system  does  not  vary  much 
from  the  "  Hall  "  System. 

The  Wiley  Electric  Block  Signal  system,  with  which  the  inventors 
are  experimenting  to  a  small  extent  on  the  Norfolk  and  Western  Railroad, 
divides  the  road  into  blocks  from  one  to  five  miles  in  length,  and  the 
wire-circuit  system  is  used,  requiring  circuit-breakers  in  the  track  at 
each  block.  Its  operation  is  similar  to  that  of  the  Hall  system  wire- 
circuit,  but  it  is  probably  cheaper  in  maintenance  as  well  as  in  first  cost. 
The  signal,  in  its  first  form,  is  inferior,  but  the  makers  claim  to  have 
improvements  under  way. 

This  system  may  include  an  alarm  signal  bell  in  the  cab  of  all 
engines,  the  bell  being  so  arranged  as  to  be  sounded  in  case  a  danger 
signal  is  ]>assed.  Inducing  magnets,  located  in  the  center  of  track  at 
each  ?ignal,  are  energized  whenever  the  signal  is  at  danger,  and  similar 
magnets  ))laced  on  the  engine  and  suspended  four  inches  over  the  rail, 
receive  the  current,  which  is  conducted  to  the  cab,  where  it  serves  to 
ring  an  alarm  bell.  This  method  of  transmitting  electricity  from  the 
track  to  the  cab  of  an  engine,  seems  to  me  to  be  the  most  complete  I 
have  yet  seen,  and  superior  to  the  Kinsman  plan. 

The  devices  last  named  require  special  equi[iment  of  every  engine 
on  the  road ;  and  so  far  they  have  not  met  with  any  very  great  favor 
among  railroad  men,  it  being  feared  that  engineers  would  depend  wholly 
on  such  signals  as  would  be  received  in  the  engine  cab,  instead  of  being 
guided  by  track  signals. 

In  conclusion,  I  have  only  to  say  that  new  devices  and  improve- 
ments in  signaling  are  constantly  being  introduced  ;  that  many  of  these 
have  merit,  and  that  haste  in  adopting  any  given  device  is  never 
expedient. 
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DISCUSSION. 


Mr.  G.  R.  Henderson. — I  would  like  to  ask  a  question  regarding 
the  old  staff  system,  of  which  Mr.  Churchill  spoke.  On  a  road, 
locked  electrically  or  otherwise,  how  are  the  staves  to  be  carried  from 
one  end  of  the  section  back  to  the  other,  and  arranged  so  that  other 
sections  can  take  them  up?  Also,  was  there  not  sotue  system  used 
before  the  application  of  electricity? 

Mr.  C.  S.  Churchill. — The  staves  work  exactly  the  same  as  an 
electrically-locked  staff,  except  that  there  is  no  check  or  lock  on  the 
operator  issuing.  There  is  more  than  one  staff — probably  some  num- 
ber of  staves.  The  trains  running  in  the  opposite  direction  bring 
them  back. 

Mr.  M.  E.  Yeatman. — I  think  I  can  explain  the  system  which 
Mr.  Henderson  has  in  mind.  By  the  original  staff  system  it  Avould 
be  impossible  to  work  unless  trains  were  running  alternately  in  dif- 
ferent directions,  one  train  taking  the  staff  and  the  other  train  bring- 
ing it  back  ;  but,  of  course,  this  rule  is  absolutely  impracticable  for 
general  use,  and  it  was  very  soon  superseded  by  the  staff  and  ticket 
system.  Only  one  staff  is  used,  but  at  each  end  a  certain  number 
of  tickets  or  train-order  forms  are  kept  in  a  box,  the  key  of  which  is 
attached  to  the  staff,  and  it  is  therefore  impossible  for  an  operator  to 
issue  a  ticket  clearing  a  train  over  a  section  unless  he  has  the  staff.  If  he 
knows  that  two  trains  are  passing,  running  in  the  same  direction,  he 
gives  a  ticket  to  the  first  and  the  staff  to  the  second.  After  these 
two  he  could  not  send  any  more  until  the  operator  had  sent  the  staff 
back  over  the  section.  The  operator  at  the  other  end  might  have 
three  trains.  This,  of  course,  would  necessitate  his  giving  a  ticket  to 
the  first,  a  ticket  to  the  second,  and  the  staff  to  the  third.  This  system 
would  require  electrical  communication  so  that  it  might  always  be 
known  what  was  coming.  It  requires  something  corresponding  to  our 
central  dispatcher  system,  and  it  was  in  general  use  for  single  track 
roads  when  I  was  familiar  with  English  train  service. 

The  Chairman. — Mr.  Churchill,  I  notice  that  you  express  no  pref- 
erence. You,  no  doubt,  having  gone  through  a  study  of  all,  have 
arrived  at  some  conclusion  as  to  which  is  best. 

INIr.  Churchill. — I  stated  that  each  of  these  systems  is  applicable 
to  different  conditions  of  a  railroad.  For  instance,  it  is  an  open  question 
l)etween  the  Sykes  system  and  the  Westinghouse  Pneumatic  system  on 
the  New  York  Central  Railroad  and  the  Pennsylvania  Railroad.  There 
are  two  opinions.  The  New  York  Central  uses  the  Sykes,  and  the  Penn- 
sylvania Railroad  the  Pneumatic.     Each,  as  a   matter  of  policy,  would 
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certainly  back  its  own  system,  and  I  think  the  results  are  probably  about 
equal  in  both  cases.     The  Sykes  is  rather  the  cheaper  of  the  two. 

The  Chairman. — The  Pneumatic,  I  believe,  is  the  oldest  system  of 
automatic  electrical  signaling. 

Mr.  Churchill. — It  preceded  the  Hall,  although  the  Hall  was  the 
first  electrical  device.  They  have  kept  right  alongside.  I  went  over  two 
sections  of  the  New  Jersey  Central  within  the  last  six  months.  One  of 
these  is  equipped  with  the  Pneumatic  and  one  with  the  Hall,  conse- 
quently, I  had  a  good  chance  to  compare  the  two,  and  there  is  this  to  be 
said  about  them  :  With  the  Pneumatic,  there  is  an  air  line  to  maintain. 
You  are  obliged  to  have  a  system  of  pipes  to  conduct  the  air  for  operat- 
ing these  signals,  and  an  electrical  system  maintained  to  lock  and 
unlock  them,  the  track  circuit  being  used  on  this  road.  When  you 
come  to  the  Hall,  you  have  the  track  circuit  and  electricity  operating 
the  signals,  but  the  motive  power  is  electricity ;  so  that,  while  in  the 
Pneumatic  we  have  to  maintain  not  only  the  electricity  but  the  air, 
in  the  Hall  we  have  to  maintain  the  electricity  alone. 

The  Chairman. — Where  the  track  is  the  instrument  for  carrying 
the  circuit,  what  is  the  effect  of  a  broken  rail  ? 

Mr.  C.  S.  Churchill. — The  signals  would  come  to  danger. 

The  Chairman. — And  remain  at  danger  ? 

Mr.  C.  S.  Churchill. — Yes  ;  for  the  protection  of  the  train. 

Mr.  W.  W.  Coe. — That  would  hardly  be  considered  objectionable 
when  a  broken  I'ail  is  there. 

The  Chairman. — You  have,  no  doubt,  gone  over  a  broken  rail 
many  a  time. 

Mr.  C.  S.  Churchill. — Where  the  rails  are  not  badly  broken,  and 
where  the  ends  remain  together,  it  would  not  affect  the  circuit ;  that  is, 
provided  you  have  a  generally  good  track. 

The  Chairman. — You  think  the  principal  difference  between  the 
wo  systems  is  in  the  cost  of  maintenance  ? 

Mr.  C.  S.  Churchill. — Between  the  two  systems  the  first  cost  is 
the  principal  difference.  The  Pneumatic  system  is  all  right  on  a  two-  or 
four-track  railroad,  but  would  ruin  a  single-track  railroad. 

Mr.  W.  W.  Coe. — Suppose  the  single-track  road  was  going  to 
grow — was  in  a  progressive  form  ? 

Mr.  C.  S.  Churchill. — It  would   cost  something  to  locate  it — 
something  like  $1,200  per  mile  for  the  Hall,  as  against  $4,000  per  mile 
for  the  Pneumatic. 
27 


302  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Mr.  W.  W.  Coe. — Two  systems,  one  on  single  track  and  another 
on  double  track,  would  not  do  ? 

Mr.  C.  S.  Churchill. — Not  perfectly ;  still,  they  are  so  used,  as 
iu  the  case  of  the  Hall  and  the  Pneumatic  on  the  New  Jersey  Central. 
I  interviewed  an  operator  there,  and  he  expressed  the  opinion  that  there 
were  fewer  failures  with  the  Hall  than  with  the  other.  Understand,  by 
failure  I  mean  only  the  signal  going  to  danger,  owing  to  some  defect  in 
the  signal  plant.  The  blocking  of  the  traffic  amounted  to  but  very 
little  with  either  system. 

Mr.  W.  W.  Coe. — As  I  understand  it,  an  engineer  can  accept  a 
signal  after  it  has  been  placed,  and  it  is  not  required  that  he  see  it  as  it 
is  being  turned  ? 

Mr.  C.  S.  Churchill. — Well,  he  does  see  it  in  its  normal  condi- 
tion. He  accepts  the  signal  as  given,  because,  in  case  of  trouble,  it 
comes  to  danger  automatically.  I  think  the  railroad  people  can  see 
that  the  two  systems  are  very  nearly  equal  in  their  results.  I  mean  as 
regards  their  automatic  operation. 

Mr.  Soule. — I  think  there  is  one  advantage  that  ought  to  be  cred- 
ited to  the  Westinghouse  Pneumatic  system,  and  which  Mr.  Churchill 
has  not  mentioned,  and  that  is  this :  A  great  many  signal  engineers  and 
practical  railroad  men  have  come  to  the  conclusion  that  the  seraaj^hore 
signal  is  the  only  decent  and  acceptable  form  of  signal  for  a  railroad. 
Now,  I  do  not  think  that  any  full-sized  semaphore  signal,  such  as  is 
represented  there,  has  ever  been  successfully  operated  by  electricity, 
unless  enclosed  in  a  glass  case  and  made  on  a  reduced  scale,  and,  iu 
order  to  reduce  its  weight  and  inertia  so  that  it  can  be  operated  by 
electricity  and  still  have  the  semaphore  of  good  size,  it  is  necessary  that 
the  weight  be  reduced  by  having  aluminum  wire  frames,  with  flannels 
or  cloth  stretched  over  them,  and  the  whole  enclosed  in  a  glass  case, 
and  even  then  the  glass  case  is  likely  to  be  obscured  by  rain,  snow  and 
ice,  and  the  chances  that  the  engineer  will  get  a  correct  interpretation  of 
this  signal  are  correspondingly  reduced.  This  must  be  considered  in 
comparing  the  Pneumatic  and  electrical  systems.  The  possibility  of 
having  a  semaphore  signal  of  any  desired  size,  with  a  fixed  and  positive 
action,  is  an  immense  advantage  in  favor  of  the  Pneumatic.  It  is  get- 
ting to  be  not  so  much  a  change  in  color,  as  a  change  in  position,  which 
shall  determine  the  meaning  of  the  signals.  I  was  quite  familiar  with 
railroad  signaling  up  to  three  years  ago.  But  Mr.  Churchill's  paper  has 
made  me  realize  that  this  is  a  progressive  art — that  it  is  going  forward. 
I  used  to  keep  up  with  all  of  these  devices,  as  mentioned  in  the  mechan- 
ical papers,  until  the  past  three  years,  when  I  have  not  had  the  time 
for  so  doing.     On  the  Pennsylvania  Railroad  I  was  identified  with  rail- 
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road  signaling  when  it  first  begau  to  be  a  serious  question.  The  first 
eflfort  they  made  to  introduce  an  interlocking  apparatus  was  when 
they  sent  to  England,  in  1874,  and  contracted  fior  a  track-signaling 
apparatus  for  the  tracks  at  a  junctional  point,  a  simple  double-track 
junction  and  cross-over.  The  apparatus  was  made  in  London,  shipped 
over  here  and  set  up  and  put  in  operation  by  English  mechanics. 
This  gave  an  impetus  to  American  inventors,  and  Towsey  &  Bu- 
chanan came  to  the  front  with  their  device.  By  1876  the  New  York 
Central  had  constructed  and  put  in  operation  four  of  these  devices. 
When  the  Pennsylvania  Railroad  was  getting  ready  for  the  Cen- 
tennial, it  was  constructing  tracks  and  bridges,  but  neglected  signaling 
until  the  last  moment,  wdien  I  was  detailed,  on  the  4th  of  March,  to  take 
up  that  problem,  and  was  sent  to  Philadelphia  in  a  hurry.  The  next 
day  I  was  told  that  they  wanted  seven  of  these  interlocking  apparatuses, 
and  that  they  were  to  be  put  in  operation  by  the  7th  of  May.  The 
General  Manager,  Chief  Engineer  and  myself  went  over  to  New  York, 
and  the  New  York  Central  officials  took  us  about  and  showed  us  all  the 
interlocking  apparatuses,  and  I  was  left  there  to  study  the  subject.  It 
was  agreed  that  there  was  no  time  to  order  any  apparatus  from  Eng- 
land, no  time  to  undertake  anything  novel,  and  so  we  decided  to  avail 
ourselves  of  this  system,  and  the  New  York  Central  people  very  kindly 
consented  to  lend  us  all  the  patterns.  After  taking  a  few  castings  for 
their  own  use,  the  entire  outfit  was  shipped  to  Altoona,  and  got  there  by 
the  10th  of  March,  and  within  these  two  months,  before  the  7th  of  May, 
all  of  the  seven  interlocking  apparatuses  had  to  be  mapped  out,  made 
and  got  in  runuing  order.  That  apparatus  was  deficient  in  one  essen- 
tial principle.  It  did  not  include  the  feature  of  preliminary  locking. 
That  is,  the  modern  apparatus  is  so  made  that  as  soon  as  the  operator 
grasps  the  handle  and  closes  his  hand,  so  as  to  draw  in  the  latch  of  the 
handle,  the  locking  is  accomplished  preliminary  to  moving  the  lever. 
This  simple  grasping  of  the  handle  accomplislies  the  locking.  Whereas, 
with  this  old  style,  the  locking  was  not  done  until  the  end  of  the  stroke. 
If  certain  others  are  to  be  unlocked,  this  is  not  done  by  the  preliminary 
movement  of  the  latch  handle,  but  that  unlocking  is  done  when  the 
latch  snaps  into  the  notch  at  the  end  of  the  stroke.  Now  this  apparatus 
was  deficient  in  that  respect,  and  did  not  catch  the  principle  of  pre- 
liminary locking  and  the  moving  of  the  unlocking  mechanism.  When 
you  were  moving  the  lever,  which  was  so  arranged  that  you  were  mov- 
ing that  portion  of  the  apparatus  upon  which  it  acted,  you  had  no  proof 
that  it  was  unlocking  until  the  stroke  was  completed,  instead  of  at  the 
outset.  Consequently,  every  one  of  them  put  on  the  Pennsylvania  Rail- 
road in  1876,  and  some  of  them  put  on  in  two  or  three  subsequent  years, 
have  been  taken  out  and  replaced  by  modern  interlocking  plants,  where 
the  principle  of  preliminary  locking  is  carried  out. 
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The  Chairman. — We  are  obliged  to  Mr.  Soule  for  his  interesting 
history  of  railroad  signaling  on  the  I'ennsylvania  Railroad.  It  may  be 
that  Mr.  Coe  could  add  to  it. 

Mr.  Coe. — It  was  very  certain  in  keeping  trains  apart,  but  some- 
times delayed  the  movement  of  the  freight. 

Mr.  R.  H.  Soule. — I  stated  that  there  were  seven  interlockind 
plants  of  this  pattern.  This  was  originally  intended,  but  a  party  nameg 
Burr,  from  New  York,  a  lawyer,  patentee,  and  a  very  clever  fellow, 
inventor,  and  so  on,  cropped  up,  with  a  proposed  system  of  interlocking 
and  secured  consent  to  put  in  a  plant  at  one  of  the  double-track  junc- 
tions. It  was  very  crude,  but  in  all  essential  features  was  pneumatic — 
with  a  reservoir  for  the  storage  of  air,  and  a  system  of  piping  running 
to  all  the  switches  and  signals.  There  were  no  electrical  features  any- 
where. There  was  a  double  line  of  pipes,  a  supply  and  return  pipe,  to 
and  from  each  switch  and  signal,  and  the  thing  was  operated  quite  suc- 
cessfully. Two  or  three  disasters  occurred,  nothing  serious,  however. 
This  was  the  first  attempt  at  the  pneumatic  operation  of  signals  and 
switches,  and  he  got  some  pioneer  patents,  which  resulted  in  litigation 
with  the  Union  Switch  and  Signal  Company,  in  which  he  was  victorious, 
so  that  they  had  to  make  a  settlement  with  him  and  bought  in  the 
patents,  some  of  which  are  engrafted  in  their  plant  of  to-day. 

The  Chairman. — Mr.  Churchill,  I  wouM  like  to  ask  whether  the 
tendency  is  not  to  disregard  colors  for  signals,  and  if  the  position,  rather 
than  the  color,  is  not  relied  on  ? 

Mr.  C.  S.  Churchill. — Well,  that  is  a  mooted  question.  I  think 
that  nearly  every  railroad  will  agree  to  go  by  the  position  of  the  signal 
during  the  day,  and  by  the  color  at  night.  About  a  month  ago  I 
answered  a  lot  of  questions  propounded  by  the  Railroad  Association  of 
America,  and  about  two  days  ago  received  advice  of  the  replies.  Re 
plies  from  thirty-two  of  the  roads  were  received,  and,  if  I  remember 
aright,  twenty-eight  were  in  favor  of  the  semaphore  signals  by  day  and 
of  color  by  night. 

The  Chairman. — Was  it  not  then  suggested  that  if  the  use  of  color 
by  night  were  adopted,  red  would  appear  white  to  a  certain  extent,  when 
snow  was  on  the  glass? 

Mr.  C.  S.  Churchill. — I  think  this  point  is  strained.  A  good  red 
light  would  show  red,  even  if  the  snow  was  on  it.  Four  of  the  roads 
wanted  a  green  light  for  safety,  as  in  the  English  system,  the  argument 
being  that  if  a  red  light  were  to  break  a  white  light  would  appear.  I 
do  not  think  that  the  best  glass  is  liable  to  break,  and,  even  if  it  were  to 
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break,  it  would  not  be  bable  to  break  so  badly  iu  one  night  that  some  of 
the  red  pieces  would  not  be  left  there  to  show  a  red  signal. 

Another  argument  is,  that  in  approaching  a  town,  an  engineer 
might  mix  up  tlie  town  lights  with  the  signal  lights  and  possibly  take  a 
town  light  for  a  safety  signal. 

I  think  that  if  the  make  of  lens  is  considered,  and  if  you  have  a 
good,  strong  lens  (I  think  the  N.  and  W.  R.  R.  switch  lens  in  the  West- 
lake  lamp  is  an  excellent  one),  there  is  no  danger  of  mistaking  it  for  a 
town  light,  no  matter  of  what  kind,  and  any  good  strong  lens,  carefully 
put  in,  produces  the  same  efiect.  But  it  is  a  mooted  question,  railroad 
men  are  still  discussing  it,  and  I  do  not  know  how  it  will  be  decided. 
You  see  what  it  has  led  to  in  England  ;  two  colors  for  three  signals.  I 
think  it  is  a  great  mistake  to  compel  an  engineer  to  remember  two  sig- 
nals, both  showing  a  red  light,  which  is  a  danger  signal  in  one  case 
and  a  distant  signal  in  the  other.  He  may  turn  to  fix  his  engine  just 
as  he  is  approaching  a  distant  signal,  and,  by  the  time  he  looks  up,  he 
may  have  passed  it,  and  he  does  not  know  whether  it  meant  safety  or 
not.  Then  when  he  comes  to  the  danger  signal,  he  cannot  tell,  unless 
he  knows  all  about  the  country,  whether  it  means  danger  or  caution, 
and  he  is  simply  obliged  to  hold  his  train.  If  there  is  to  be  any  change 
at  all,  we  should  still  have  three  lights  for  the  three  signals,  danger, 
distant  or  caution,  and  safety.  In  your  first  question,  you  asked 
about  the  comparative  merits  of  the  systems.  It  might  be  well  to 
state  here  that  the  Pneumatic  is  better  than  the  Hall  in  that  it  enables 
the  operator  to  throw  any  switch  in  a  block.  This  is  a  great  advan- 
tage. Mr.  Soule's  point  about  these  signals  has,  of  course,  considerable 
merit,  and  yet  you  will  find,  as  I  brought  out,  that  in  the  tunnels  in 
New  York  they  use  disks  in  preference,  and  the  New  York  Central 
people  write  me  that  they  will  stick  to  the  Hall,  that,  after  using  it, 
they  find  it  answers  their  purpose  better  than  any  other  automatic  sig- 
nal. Again,  take  a  road  like  ours  (the  Norfolk  and  Western  Rail- 
road) a  single-track  road,  with  double-track  work  going  on.  It  is  not 
necessary  to  equip  the  whole  line  with  a  device  like  the  Hall  ;  or  with 
a  Pneumatic,  at  a  great  expense.  To  secure  greater  safety  on  a  road 
with  a  telegraph  block,  like  ours,  you  can  make  your  block  more  rigid 
than  at  present ;  make  it  an  absolute  block,  and  then  check  your  opera- 
tors by  using  the  Sykes  system.  The  Johnson  people  are  very  enthusi- 
astic in  the  praise  of  their  system  (the  staflr),but  they  admit  that  theirs 
is  only  for  a  single-track  railroad,  and  we  are  double-tracking,  so  that 
the  most  progi'essive  plan  may  be  to  put  in  the  Sykes.  When  you 
desire  to  add  automatic  signals,  you  can  do  so,  and  still  not  throw  away 
any  of  the  plant  then  in  use. 


THE  CONTRIBUTION  BOX. 


Members  of  the  associated  societies,  and  other  persons,  are  invited  to  send  to  the  Secretary,  for 
this  department  of  the  Journal,  such  matters  of  general  interest  as  may  come  to  their  notice. 


Wood  Pavements  in  Austi-alia. 


Apropos  of  the  valuable  matter  on  road  construction  contributed  to  this 
number  of  the  Journal  by  our  new  member,  the  Association  of  Engineers 
of  Virginia,  it  may  be  of  interest  to  quote  as  follows  from  a  paper  on  "The 
Evolution  of  the  Modern  Road,"  read  before  the  Victorian  Institute  of  En- 
gineers, in  November  last,  by  Mr.  A.  C.  Mountain,  City  Surveyor  of  Mel- 
bourne,  Australia. 

"Wood-paving  was  first  laid  in  Australia  in  18S0,  when  an  experimental 
section  was  laid  with  various  kinds  of  wood  in  King  street,  Sydney.  The 
main  principle  of  obtaining  a  firm  and  impervious  foundation  of  concrete 
was  adopted,  and  a  %  in.  joint  between  the  rows  of  blocks  was  provided  for. 
This  latter  was  determined  on  at  the  desire  of  some  of  the  authorities  (who 
were  naturally  anxious  to  prevent  a  failure  of  the  unknown  material 
through  slipperiuess),  but  was  soon  found  to  be  not  only  unnecessary,  but 
detrimental  to  the  life  of  the  road,  as  it  enabled  the  toes  of  the  horses* 
shoes  to  work  on  the  arrisses  of  the  timber  until,  in  time,  the  effect 
of  a  corduroy  surface  was  produced,  making  the  roadway  very  noisy.  In 
1885,  perceiving  this,  I  reduced  the  joint  to  14  in.;  and,  in  1886,  still  more 
narrowed  it  to  %  in.  As  a  matter  of  fact,  experience  has  shown  that,  with 
proper  attention  to  cleanliness,  there  is  not  much  more  danger,  on  the  score 
of  want  of  foothold,  with  hardwood  than  with  sets,  and  that  the  joints  may 
be  regarded  as  adding  but  little  to  the  safety  of  the  road.  In  practice  the 
paving  in  Melbourne  has  been  laid  for  some  years  past  with  y^  inch  joints, 
with  the  exception  of  one  section  where  the  blocks  were  simply  tarred  and 
laid  close  together;  but  the  great  expansion  of  our  red  gum  renders  it 
doubtful  whether  there  be  any  real  advantage  in  this  method. 

The  blocks  are  sawn  in  lengths  of  six  inches  out  of  9x3  planks,  and  are 
laid  on  a  foundation  of  good  Portland  cement  concrete,  varying  from  G  to  9 
inches  in  thickness  according  to  the  nature  of  the  ground,  brought  to  the 
proper  gradient  and  convexity,  the  latter  generally  one  in  fifty,  and  worked 
smooth  on  surface  by  means  of  a  "floating"  or  rendering  of  cement  mortar. 
The  length  of  six  inches  was  chosen  for  the  blocks,  not  because  it  was  essen- 
tial to  have  that  depth  to  ensure  a  firm  and  substantial  coating  to  the 
street,  which  it  had  been  demonstrated  can  be  obtained  with  a  4-inch  block, 
but  in  order  that  when  much  worn  on  the  top  the  blocks  may  be  cut  down  in 
length  and  re-used  on  the  work. 

"As  regards  the  cost  of  wood-paving,  the  latest  work  done  in  this  city 
has  been  carried  out,  including  excavation  and  6  inches  of  concrete  foun- 
dation, at  the  rate  of  IGs.  Gd.  per  square  yard.  I  have  no  knowledge  of 
any  similar  work  that  has  been  done  so  cheaply.  Even  at  this  price,  which 
is  about  four  times  the  cost  of  a  good  macadamized  road  in  Melbourne,  it 
will  readily  be  perceived  that  ultimately  the  wood  becomes  the  cheaper  pave- 
ment, if  its  durability  is  such  that  the   saving    in    annual    maintenance     (as 
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•compared  with  the  cost  of  keeping  the  macadamized  road  in  order)  be  more 
than  will  cover  the  difference  between  the  original  outlay  cost  of  the  two 
materials.  This  is  entirely  apart  from  the  question  of  public  comfort, 
cleanliness,  and  wear  and  tear  on  horse  and  vehicle,  which  must  surely  be 
valued  for  something." 


Betoii  Arnie. 


A  system  of  construction  bearing  this  name  (which  may  perhaps  be 
freely  translated  "reinforced  Beton,"  or  "iron-clad  Beton,")  appears  as  a 
rival  of  the  Monier  system.  Its  inventor  is  M.  Hennebique,  a  French 
engineer,  and  its  chief  claim  appears  to  be  that  the  materials  used,  the 
concrete  and  the  iron,  are  exposed  to  those  stresses  which  they  are  best 
adapted  to  resist,  the  iron,  in  beams,  being  placed  chiefly  in  the  lower 
part  of  the  section,  while  the  communication  between  the  upper  and  lower 
portions  is  secured  by  the  use  of  thin  iron  plates  placed  vertically,  or  nearly 
so,  in  the  mass,  after  having  been  coated  with  a  thin  layer  of  cement 
mortar. 

Another  advantage  claimed  for  the  system  is  that  iron  in  common 
and  easily  obtainable  forms,  such  as  flat,  round  and  square  bars,  can  be 
employed,    thus    securing    cheapness    of  construction. 

A  number  of  buildings  on  this  system  have  been  constructed  in  Bel- 
gium, France  and  Western  Switzerland,  and  a  warehouse  is  now  being 
■built  at  Lausanne. 


Electric  Rail\vavs  ^vitli  Ulltlerg•l•o^^lld  Conductors. 


In  these  days  of  the  almost  universal  sway  of  the  trolley  system,  it 
•may  be  interesting  to  note  that  the  Blackpool  Tramway,  installed  in 
1885,    has    ever    since   been    using    underground  conductors. 

As  originally  installed,  the  slot  was  placed  midway  between  the  rails, 
but  Mr.  Holroyd  Smith,  in  reconstructing  the  system,  places  it  under  one 
■of  the  rails,  which  is  divided  for  the  purpose.  The  return  circuit  is 
through  the  rails,  which  are  reinforced,  where  necessary,  by  a  wire  with 
w^hich  they  are  connected  at  intervals. 

When  the  track  is  double,  the  conductor  is  placed  under  each  of  the 
inner  rails,  and  in  order  to  adapt  the  motors  to  this  condition  of  things 
the   collector   is   made   movable    transversely  of  the  car. 

Large  cars  recently  furnished  for  this  road  have  two  four-wheeled 
trucks,  with  a  motor  on  each  truck,  and  eighty-two  seats,  including  a 
considerable  number  on  the  roof. 

The  road  is  about  two  miles  long,  and,  during  the  last  seven  years, 
has  been  operated  by  a  company,  but  it  has  now  passed  under  municipal 
control. 

In  first  cost,  the  Holroyd  Smith  system  is  said  to  be  more  expensive 
than  the  trolley,  but  cheaper  than  the  cable,  while  its  cost  of  operation 
is  fairly  comparable  with  that  of  the  trolley  system. 

The  four  lines  of  the  Siemens-Halske  underground-conductor  system 
in  Buda  Pesth  have  been  in  operation   since  1887. 


Progress  of  Electrical  Engineering. 


It  is  significant  of  the  progress  recently  made  by  electrical  engineering 
that  whereas   only  32   of   the  475   pages  of  the  Association's  Index  to  Cur- 
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rent  I^itei'ature  for  the  years  1884  to  1891  were  devoted  to  electrical  mat- 
ters, about  one-fourth  of  the  items  in  the  index  for  the  current  number 
pertain  to  such  subjects. 

Electrical  ToAving  on  the  Boiirgogiie  Canal,  France. 

The  motive  power  for  this  work  is  derived  from  turbines  established 
at  two  locks  upon  the  canal.  These  turbines  make  one  hundred  revolu- 
tions per  minute,  and  act  directly  upon  the  dynamos  through  a  horizontal 
shaft.  The  current  is  conveyed  to  the  line  through  three  wires  of  8  mm. 
diameter,  supported  upon  poles  and  upon  cross  wires. 

The  towing  boats  are  49  feet  long  by  10^^  feet  wide,  and  draw  less 
than  18  inches  of  water.  They  take  the  current  from  the  line  by  means 
of  trolleys  at  the  ends  of  poles,  which  are  made  nearly  25  feet  long  in 
order   to    provide    against    the    oscillations  of  the  boat. 

A  battery  of  250  accumulators  has  been  installed  at  one  of  the  power 
houses  with  a  view  of  storing  the  force  of  the  fall  while  the  boats  rire 
idle,  and  delivering  it  up  again  when  they  are  in  motion.  It  would  ap- 
pear, however,  that  their  installation  was  hardly  justified,  especially  in 
view  of  their  heavy  cost,  which  amounted  to  about  $3000.  The  cost  of 
the    entire    electric    towing    plant    was  about  .?27,000. 

From  September  1,  1893,  to  April  1,  1894,  there  were  transported  by 
electricity  81,000  tons  in  897  hours,  at  a  cost  of  $1180,  while  during  tne 
corresponding  period  of  the  preceding  year  78,600  tons  were  transported 
by  steam  in  917  hours  at  a  co^at  of  $1600.  The  comparison,  however,  cov- 
ers a  period  of  time  too  short  to  warrant  the  drawing  of  definite  conclu- 
sions.  

Iniprovcnient  in  tlie  Roasting  of  Carbonate  Iron  Ores. 


At  the  meeting  of  the  French  Society  of  Civil  Engineers  on  Feb- 
ruary 1st,  Mr.  S.  Jordan  drs-^ribed  an  improved  furnace  by  which  he  had 
greatly  reduced  the  cost  of  roasting  carbonate  iron  ores.  Vr.  Jordan 
found  that  in  Cleveland.  England,  and  in  various  places  on  the  r-ontinent, 
from  30  to  40  kilograms  of  fine  coal  were  required  for  the  roasting  of 
1000  kilograms  of  raw  carbonate.  This  appeared  highly  economical  wheii 
compared  with  the  consumption  of  coal  in  the  calcining  of  Mmestone,  which 
required  a  consumption  about  .3'/^  times  as  great.  Mr.  Jordan,  however, 
succeeded  in  constructing  at  Bilbao  a  furnace  where  the  consumption  of 
coal  per  thousand  kilogranis  was  reduced  from  30  or  40  to  4  kilograms. 
The  furnace  is  nearly  cylindiical,  4  meters  in  diameter  and  about  9^/4 
meters  high.  It  furnishes  daily  about  60  tons  of  roasted  ore  from  85  to 
86  tons  of  crude  ore. 

In  the  construction  of  this  furnace  Mr.  Jordan  sought  to  provide  that 
the  ore  should  at  first  descend  uniformly  and  in  horizontal  layers,  be- 
coming gradually  warmed  until  it  arrived  at  the  zone  of  combustion, 
where  the  disengagement  of  the  carbonic  acid  is  completed.  Below  this 
level  the  resulting  protoxide  combines  with  an  additional  supply  of  oxygen 
to  form  peroxide. 

In  a  larger  plant  now  being  constructed,  the  previous  reduction  of  the 
fuel  to  a  gaseous  form  is  entirely  abandoned. 


The  '■"  Wobblini?'''  of  the  Earth-s  Axis. 


A  writer  in  the  Boston  Journal  discusses  the  facts  recently  brought  out 
by  astronomers  and  showing  that  the  position  of  the  poles  upon  the  surface 
of  the  earth  shifts  through  a  small  orbit  in  a  period  of  something  over  a 
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year.  The  writer  in  question  argues  that,  as  the  latitudes  of  points  on  the 
earth  are  thus  shown  to  vary  from  one  year  to  another,  the  locations  of  po- 
litical boundaries  that  are  fixed  on  parallels  of  latitude  must  vary  likewise, 
and  gives  statistics  of  the  area  of  land  that  must  be  in  the  United  States  in 
one  year  and  in  the  Dominion  of  Canada  in  another  year.  Mr.  N.  Spofford, 
of  Haverhill,  Mass.,  who  has  been  re-running  the  boundary  between  Mas- 
sachusetts and  New  Hampshire.writes  to  the  Haverhill  Daily  Bulletin  to 
assure  its  readers  that  after  a  line  has  been  once  properly  surveyed 
and  monumented,  any  cavorting  around  of  the  parallels  of  latitude 
must  be  on  their  own  responsibility. 
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It  is  proposed  to  notice  briefly,  in  this  department  of  tlie  Journal,  sucli  engineering  publications 
as  may  find  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  worlds  for  review,  to  state  the  prices  of  same. 


Massacliiisetts  State  Board  of  Ilealtli.    Report  upon  the  Metropolitan 
Water  Siipjily. 

In  accordance  with  an  act  of  L.egislature  approved  June  9,  1893,  the 
State  Board  of  Health  has  been  considering  the  question  of  a  water  supply 
for  the  city  of  Boston  and  its  suburbs  within  a  radius  of  ten  miles  from  the 
State  House,  and  for  such  other  cities  and  towns  as,  in  its  opinion,  should 
be  included  in  connection   therewith. 

The  report  of  the  Board  is  accompanied  by  those  of  the  chief  engineer, 
Mr.  F.  P.  Stearns,  and  of  the  consulting  engineer,  Mr.  Joseph  P.  Davis. 

The  cities  and  towns  which  it  is  believed  desirable  to  include  in  tiie 
scheme   have   an    aggregate    population  of  848,000. 

The  three  sources  which  seemed  worthy  of  critical  examination  are 
Lake  Winnipiseogee,  the  Merrimac,  above  Lowell,  and  the  Nashua,  above 
Clinton.  The  last  named  was  selected  as  in  all  respects  decidedly  prefer- 
able. An  additional  supply  from  the  Assabet,  Ware  and  Swift  Rivers  is 
contemplated  in  case  of  necessity. 

The  scheme  involves  the  construction  of  a  masonry  dam  14.5  feet  high 
and  1250  feet  long,  impounding  water  to  a  depth  of  125  feet,  on  the  Nashua 
River  about  a  mile  above  Clinton.  The  lake  above  this  dam  will  have  an 
area  of  6.56  square  miles,  an  average  depth  of  46  feet,  and  a  capacity  of 
over  63,000  million  gallons.  The  Swift  River,  if  utilized,  would  require  a  still 
more  formidable  dam,  144  feet  high,  impounding  a  lake  with  an  area  of  37 
square  miles. 

Steam     Po-\vei'   and   Mill  AVork.       Principles  and  Modern   Practice.     By 
George  William  Sutcliffe,  Meni.  Inst.  C.  E.     Whittaker  &  Co.,  London  and  New 
York,  1895.     877  pages,  5  x  72  inciies,  and  index.     Illustrated.     Price,  $4.50. 
While  this  work  forms  one  of  what    is    called    the    Specialist    Series,    it 
would  seem  to  be  designed  rather  for   the   enlightenment  of  those   not  pre- 
viously   conversant    with    the    subjects    treated,     and    for    this    purpose    it 
seems  to  be  admirably  adapted. 

Beginning  with  the  first  principles,  those  of  heat  and  work,  and  pass- 
ing on  to  the  discussion  of  fuel  and  combustion,  calorimeters,  storage  and 
treament  of  coal,  the  construction  and  behavior  of  boilers,  etc.,  the  author 
takes  up  the  consideration  of  steam,  its  various  properties,  and  its  employ- 
ment in  the  steam  engine,  the  anatomy,  physiology  and  hygiene  of  which 
are  then  treated. 

The  author  then  proceeds  to  consider,  somewhat  more  briefly,  various 
matters  connected  with  machinery,  such  as  toothed,  belt  and  rope  gearing, 
pulleys,  shafting  and  its  appliances,  friction  and  lubrication,  the  corrosion 
of  metals,  hoisting  apparatus,  engine  and  machine  foundations,  and  the  de- 
sign,  choice  and  maintenance  of  engines  and  machinery. 

The  work  is  satisfactorily,  though  none  too  fully,  illustrated,  and  the 
treatment  is  conscientious  and  the  language  clear. 

(-10) 


THE  LIBRARY.  311 

City  Engineer  of  tlie  City  of  Onialia.     Annual  Report    of  the  . 

December  31,  1894. 

In  the  previous  report,  dated  January  1,  1894,  and  noticed  in  the  Library 
for  March,  1894,  the  matter  of  prime  importance  seemed  to  be  the  question 
of  constructing-  a  canal  for  the  purpose  of  bringing  water  power  to  the 
city,  with  a  view  to  rendering  the  latter  a  great  manufacturing  centre. 
Judging  from  the  present  report,  this  question  seems  to  have  lapsed  into 
innocuous  desuetude,  and  the  attention  of  the  City  Engineer  is  now  de- 
voted chiefly  to  the  comparison  of  different  forms  of  street  paving.  Mr. 
Rosewater,  like  some  of  his  brethren  farther  east,  has  come  into  conflict 
with  the  disposition  to  draw  specifications  restricting  the  use  of  asphalt  to 
that  from  one  particular  locality,  and  he  makes  no  secret  of  his  objection 
to  the  practice. 

During  the  year,  14,000  lineal  feet  of  sewers  have  been  constructed,  at 
a  total  cost  of  over  ^21,000.  Little  or  nothing  has  been  done  in  the  way  of 
street  extension. 

Mr.  Rosewater  claims  that  Omaha  is  the  only  city  of  its  population  in 
the  United  States  that  does  not  own  its  water  works,  and  that  the  city  can 
never  secure  the  full  benefits  that  it  ought  to  have  from  a  water-works 
system  until  it  is  the  possessor  of  its  own  plant.  He  produces  a  diagram 
based  upon  Mr.  Freeman's  experiments  and  showing  the  height  of  dis- 
charge of  effective  fire  streams  through  various  lengths  of  hose  and  other 
nozzles  of  different  sizes. 

Conversion  of  Measiu'enieiits  in   Different  Units.     Forty-three 

Grnphic  Tables  and  Diagrams  for  the .     By  Robert  H.  Smitli,  Assoc.  Mem. 

Inst.  C.  E.     London  :    Charles  Griffin  &  Co.     1895.     Price,  7s.  6d. 

These  graphic  tables  are  embraced  in  twenty-eig^ht  plates,  each  measur- 
ing- 10x10  inches,  and  divided  into  half-inch  and  tenth-inch  squares. 

The  plates  are  very  carefully  executed  and  they  cover  the  conversion  of 
units  of  lengths  and  velocities,  of  areas,  of  volumes,  of  weights,  masses 
and  forces,  of  stresses  (pressures  per  unit  of  area),  of  densities,  of  energy 
and  work,  of  power  and  of  temperatures. 

As  pointed  out  by  the  author,  the  graphic  tables  have,  over  numerical 
tables  in  general,  the  important  advantages  of  continuity,  of  reciprocity, 
and  of  reducing  the  labor  required  and  the  liability  to  gross  error. 

The  tables  are  largely,  but  not  solely,  devoted  to  the  conversion  of  metric 
into  English  measurements,  and  vice  versa. 

Society  Proceedings. 

Institution   of  Civil  Engineers.     Minutes  of    Proceedings  of  the -.     Vol. 

CXIX.     London.  189-5. 

Among-  the  large  number  of  valuable  papers  here  presented  we  may  note 
especially,  as  of  interest  to  our  readers,  "The  Removal  of  the  Iron  Gates  of 
the  River  Danube,"  by  O.  Guttmann;  "Cost  of  Dredging  in  the  Lower  Dan- 
ube," by  C.  H.  L.  Kuhl;  "The  Concrete  Bridge  at  Munderkingen,"  by  K. 
Leibbrand;  "The  Filtration  of  the  Muggel  Lake  Water  Supply  at  Berlin,"  by 
H.  Gill,  late  Chief  Engineer  of  the  Berlin  Waterworks;  "The  Rajkol  Water- 
works, Bombay,"  by  R.  B.  Booth;  "The  Rainfall  discharged  from  Catchment- 
Areas,"  by  W.  K.  Stent;  and  "Windmills  for  Raising  Water,"  by  J.  A.  Grif- 
fiths. 

The  death  roll  includes  the  famous  names  of  Helmholtz,  de  Lesseps  and 
Faija. 

Professor  D.  C.  Jackson's  paper  on  the  Corrosion  of  Iron  Pipes  by  Elec- 
trolysis, and  Mr.  S.  Whinery's  paper  on  Asphalt  Pavements,  both  from  the 
September  number  of  our  Journal,  are  abstracted    at    considerable    length. 
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American    Society    of    Civil,    Engineers.      Transactions  of    the  .     Vol. 

XXXIII.     No.  1.     January,  ISOn. 

This  number  is  devoted  to  Mr.  J.  A  L.  Waddell's  elaborate  and  illustrated 
description  of  his  Halstead  street  liftbridg-e  in  Chicago,  and  to  the  discus- 
sion thereupon,  in  which  Messrs.  Lindenthal,  Buck,  G.  H.  Thompson,  F.  W. 
Skinner,  Charles  E.  Emery,  J.  S.  Deans,  Foster  Crowell,  Samuel  T.  Wagner, 
and  others,  take  part. 

A  notable  irhprovement  has  been  effected  by  the  use  of  the  wax  process 
for  reproducing  some  (unfortunately,  not  all)  of  the  illustrations,  and  the 
external  appearance  of  the  transactions  has  been  vastly  improved  by  the 
omission  of  the  table  of  contents  from  the  cover  page. 

New    England   Water   Works   Association.    Journal  of  the  .     Vol.  IX, 

No.  3.     March,  1895.     Quarterly,  |2.00  per  year;  75  cents  per  iiiunlier. 

Of  the  four  papers  presented  in  this  number,  that  by  Mr.  E.  D.  Leavitt, 
describing  "A  few  Examples  of  High-Grade  Pumping  Engines,"  was  read 
June  15,  1894,  and  the  other  three  at  the  adjourned  quarterly  meeting  Janu- 
ary 9,  1895.  The  latter  are:  "Eternal  Vigilance  the  Price  of  Good  Water, 
by  G.  F.  Chace,  superintendent,  Taunton,  Mass.;  "The  Capacity  of  Steam 
Fire  Engines,  Hydrants  and  Hose,"  by  Dexter  Brackett,  assistant  engineer, 
Boston;  and  "A  Method  of  Connecting  Lead  Services,"  by  W.  F.  Codd,  super- 
intendent,  Nantucket,    Mass. 

An  important  matter  of  record  is  the  resignation  of  Secretary  R.  C.  P. 
Coggeshall,  who  has  served  the  association,  in  various  official  capacities, 
ever  since  its  organization  in  June,  1882,  and  to  whose  efforts  its  success 
is  very  largely  due. 

The  communication  in  which  the  Association  of  Engineering  Societies  in- 
vited the  co-operation  of  the  New  England  Association  is  printed  in  full, 
as  also  the  brief  report  of  the  Executive  Committee,  to  the  effect  that  it 
would  not  be  advisable  to  accept  the  invitation. 

Technology    Quarterly.      Massachuseiis    Institute  of  Technolo<,'y.      Vol.  VII, 

No.  .'3.         Octolier,  18i)4. 

Hon.  George  Duncan,  of  the  Inst.  C.  E.,  contributes  "Some  Experience 
in  Engineering  Practice;"  Mr.  Louis  Derr,  "An  Apparatus  for  Measuring 
Difference  of  Phase  between  Alternating  Currents;"  Messrs.  A.  A.  Noyes 
and  A.  A.  Clement,  "The  Electrolytic  Reduction  of  Paranitrobenzoic  Acid 
in  Sulphuric  Acid  Solution;"  Mr.  George  C.  Whipple,  "Some  Operations  on 
the  Growth  of  Diatoms  in  Surface  Waters;"  and  Professor  Robert  H.  Rich- 
ards, whose  paper  on  "A  New  Prismatic  Stadia,"  appeared  in  our  journal  for 
January,  1894,  discusses  "Close  Sizing  before  Jigging,"  a  title  which,  to  the 
uninitiated,  suggests  the  remark  that  the  admirers  of  Sarah  Bernhardt,  in 
her  lean  estate,  went  in  for  "grace  before  meat."  Upon  examination,  howev- 
er, it  transpires  that  the  paper  treats  of  the  advisability  of  carefully  assort- 
ing granular  matters  as  to  their  sizes  before  passing  them  to  the  jigging 
machine. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 


Association 

OF 

Engineering  Societies. 


Organized  1881. 
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This  Association  is  not  responsible  for  the  subject-matter  contributed  by  any  Society  or  for  the  state- 
ments or  opinions  of  members  of  the  Societies. 
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III.*    Description   of  the  AVork  and  the  Metliotls  of  Con- 
struction on  tlie  Brighton  Division. 


By  Alex.  E.  Kastl,  Member  of  the  Western  Society  of  Engineers. 


[Read  February  6,  ISOo.f] 

The  main  channel  on  the  Brighton  Division  ;|;  extends  from  the  inter- 
section of  Robey  Street  and  the  West  Fork  of  the  South  Branch  of  the 
Chicago  River,  Chicago,  Illinois,  south-westward  for  a  distance  of  5.17 
miles.  The  center  line  of  the  channel  is  approximately  the  center  line 
of  the  right-of-way,  which  is  bounded  on  the  north  by  a  line  about  1,100 
feet  northward  from  and  parallel  to  the  north  reserve  line  of  the  Illinois 
and  Michigan  Canal.  The  south  boundary  line  is,  in  general,  the  north 
right-of-way  line  of  the  Santa  Fe  Railroad.  The  right-of-way  of  the  Sani- 
tary District  is  about  800  feet  wide.  The  center  line  of  the  channel  is 
a  tangent  throughout  the  Division.  So  far  as  known,  the  entire  prism 
of  the  channel  is  in  earth,  mostly  a  hard,  compact  clay.     The    cross- 


*  Paper  I  of  this  series,  Introductory,  by  Mr.  Isham  Eandolph,  appeared  in 
the  Journal  for  Marcli,  1895.     Paper  II  has  not  yet  been  received. 

t  Manuscript  received  March  20,  lS9o.—Secreiar;/,  Ass'n  of  Encj.  Socs. 

X  Since  this  paper  was  prepared,  the  Brighton  Division  has  been  abolislied 
and  tlie  sections  thereof,  together  with  sections  H  and  G,  have  been  formed  into  a 
new  division  called  the  Corwith  Division.  A.  E.  K. 
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section  is  110  feet  wide  at  the  bottom,  witli  side  slopes  of  2  horizoutal 
to  1  vertical.  The  center  line,  as  laid  out,  is  intended  for  the  center 
line  of  the  channel  of  600,000  cubic  feet  per  minute  capacity.  The 
channel  which  is  now  being  excavated  is  of  300,000  cubic  feet  per  minute 
capacity.  On  the  north,  the  side  of  the  channel  at  grade  is  18.37  feet 
to  the  right  of  the  center  line,  and,  on  the  south,  91.63  feet  to  the  left 
of  the  center  line.  At  Robey  Street  the  elevation  of  the  grade  of  the 
bottom  of  the  channel  is  — 24.45  feet  Chicago  City  Datum,  and  it  then 
slopes  uniformly  at  the  rate  of  ^Ty^TJU  to  the  end  of  the  Division,  where 
the  elevation  of  grade  is  — 25.13  feet.  The  cut  of  the  channel  varies 
from  about  30  feet  at  Robey  Street  to  about  38  feet  at  the  end  of  the 
Division. 

At  the  east  or  Robey  Street  end  of  the  Division,  the  channel,  for  a 
distance  of  about  280  feet,  widens  out  northward  and  continues  full 
depth  to  the  center  thread  of  the  West  Fork  of  the  South  Branch  of 
the  Chicago  River.  This  end  is  called  the  Basin.  Its  axis  makes  an 
angle  of  68°  21',  east  to  north,  with  the  center  line  of  the  channel,  and 
its  bottom  width  is  about  260  feet.  This  makes  an  ample  connection 
with  the  present  navigable  waterways  of  the  city. 

For  convenience  in  construction,  the  Division  is  divided  into  six 
sections  called  O,  N,  M,  L,  K  and  I.  Section  O  extends  from  the  centei 
Hue  of  Robey  Street,  station  38+89.7,  to  the  south  line  of  the  right-of- 
way  of  the  Chicago,  Madison  and  Northern  Railroad  Company,  station 
109-f-11.7;  Section  N,  from  station  109-f-11.7  to  the  west  line  of  the 
right-of-way  of  the  26th  Street  branch  of  the  Atchison,  Topeka  and 
Santa  Fe  Railroad  Company  in  Chicago,  station  154-|-22.8;  Section  M> 
from  station  154-|-22.8  to  the  west  line  of  Crawford  Avenue,  station 
182+81.0;  Section  L,  from  station  182+81.0  to  the  east  line  of  the 
right-of-way  of  the  Chicago  and  Western  Indiana  Belt  Railroad,  station 
224+96.8;  Section  K  from  station  224+96.8  to  station  268+46.0 ;  and 
Section  I,  from  station  268+46.0  to  station  311+87.2. 

Sections  O  and  N. 

The  contract  for  sections  0  and  N  was  let  May  2,  1894. 

The  excavation  on  these  sections  is  to  be  done  mainly  by  steam 
dipper  dredges,  the  excavated  material  being  loa<led  into  dump  scows, 
towed  out  into  Lake  Michigan  and  dumped  there.  By  the  terms  of  the 
contract  no  excavated  material  is  to  be  disposed  of  on  the  right-of-way, 
except  as  required  by  the  Chief  Engineer.  Such  material  as  is  not 
needed  by  the  Sanitary  District  becomes  the  property  of  the  contractor, 
and  he  disposes  of  it,  outside  of  the  right-of-way  of  the  Sanitary  Dis- 
trict, as  he  sees  fit. 

Collateral  Channel. — Provision  is  made  for  a  collateral  channel  from 
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the  West  Fork  to  the  main  channel.  This  channel  is  to  be  excavated 
to  a  depth  of  12  feet  below  Chicago  City  Datum,  60  feet  wide  on  the 
bottom  with  side  slopes  of  1^  to  1.  At  present  this  channel  is  located 
only  from  the  West  Fork  to  the  north  right-of-way  line  of  the  Chicago, 
Madison  and  Northern  Railroad  Company,  its  center  line  being  about 
755  feet  east  of  and  ])arallel  to  the  center  line  of  Kedzie  Avenue. 
Up  to  January  1,  1895,  only  about  8,000  cubic  yards  of  material 
had  been  excavated,  and  this  by  dry  methods.  The  total  amount  of 
material  to  be  excavated  in  this  collateral  channel  is  approximately 
132,000  cubic  yards.  The  collateral  channel  work  is  included  in  the 
contract  for  section  O.  On  account  of  insufficient  depth  of  water  iu 
the  West  Fork,  west  of  Western  Avenue,  the  dredging  plant  has  not 
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Fig.  1.— Cross-section  at  station  40  +  50,  showing  Progress  op  Work  in 

THE  Basin. 


yet  been  used  on  this  work.  However,  it  is  expected  that  in  the  course 
of  a  few  months  the  West  Fork  navigation  will  be  improved,  either  by 
the  City  of  Chicago  or  by  the  contractor,  and  then  a  dredging  plant  will 
be  put  on  this  part  of  the  work.  While  the  main  use  of  the  collateral 
channel  during  construction  will  be  by  the  dredging  plant,  its  main  pur- 
pose is  to  provide,  in  the  future,  a  navigable  connection  between  the 
main  channel  and  the  West  Fork.  This  feature  has  not  yet  been  fully 
developed,  and  no  further  reference  will  be  made  to  it,  save  to  state  that 
it  was  not  projected  solely  to  give  the  contractor  access  to  the  main  chan- 
nel work  on  the  west  end  of  section  0  and  on  section  N. 
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Section  0. — On  section  O  the  total  amount  of  material  to  be  exca- 
vated is  1,504,736  cubic  yards.  On  January  1,  1895,  about  517,000 
cubic  yards  had  been  excavated.  Of  this  amouut  108,200  cubic  yards 
have  been  excavated  by  dry  methods  and  408,800  cubic  yards  by  steam 
dipper  dredges.  In  the  dry  methods  used  the  material  is  loosened  with 
plows  and  removed  Avith  wheel  scrapers,  dump-cars  drawn  by  horses,  and 
railroad  cars.  The  steam  dipper  dredges  are  of  the  ordinary  type  as 
seen  in  and  about  Chicago.  Almost  all  the  dredging  plant  has  been  used 
in  this  vicinity  for  a  number  of  years.     There  is  nothing  particularly 
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Fig.  2.— Cross-section  at  Station  52,  showing  Progress  of  Work  in  the 

Main  Channel. 


novel  in  this  method  of  doing  the  work.  Up  to  the  present  time  the 
dredging  work  has  been  confined  entirely  to  that  part  of  the  channel 
between  the  centre  line  of  Robey  Street  and  the  east  Hue  of  Western 
Avenue  Boulevard,  a  distance  of  a  half  mile.  In  this  stretch  the  total 
amount  of  material  to  be  excavated  is  538,573  cubic  yards.  Of  this 
amount  all  except  about  40,000  cubic  yards  had  been  excavated  on 
January  1,  1895. 

The  largest  number  of  dredges  employed  at  any  one  time  w'as  five, 


Fig.  3. — View  of  tlie  main  cliannel  looking  westward  from  station  44,  south 
bank,  showing,  on  the  left,  portion  of  cut  excavated  by  dry  methods,  and  on  the 
right,  portion  excavated  by  dredges.     June  21,  1894. 


Fig.  4. — View  showing   dredging   plant  at  work  ;  lookino 
station  50.     Dredge  No.  9  is  in  the  foreground.     July  7,  1894. 


eastward  from 


--^v.,-^. 


Fig.  5. — View  looking  eastward,  141  the  main  cliaiiiiel  from  Western  Avenue 
Boulevard.  This  part  of  the  channel  is  almost  finished,  and  the  dredges  are 
engaged  in  finishing  side  slopes.     October  17,  1894. 
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but  four  were  worked  steadily  all  the  season,  which  extended  from  May 
15th  to  December  27th,  1894.  The  number  of  dump  scows  employed 
varied,  as  many  as  seventeen  different  ones  being  used  on  some  days. 

The  following  is  a  description  of  dredge  No.  6,  which  is  considered 
the  best  adapted  for  handling  the  material  found  : 

Length  over  all 130  feet. 

Width  over  all 38     " 

Length  of  liuU 90     " 

Width   of  hull 32     " 

Depth    of  hull 9     " 

Draught 4i  " 

Length  of  dipper-arm,  wooden  part 48     " 

Length  of  dipper-arm,  including  dipper   ....         58     " 

Capacity  of  dipper,  2i  cubic  yards. 

Hoisting  chains,  1:J-  inches. 

Two  high  pressure  double  engines  : 

Cylinders  of  hoisting  engine,  2 — 13'' x  16''. 

Cylinders  of  swinging  engine,  2 — 1"  x  16". 
Diameter  of  hoisting  drum,  30  inches. 
Boiler  (locomotive)  6  feet  by  14  feet. 
Coal  capacity,  60  tons. 
Coal  burned  in  10  hours,  2i  tons. 
Dredging  depth,  27  feet. 
Electric  lights  for  night  work. 

The  following  is  a  description  of  dredge  No.  9,  which  has  the  best 
record  for  average  output  per  shift  of  ten  hours  : 

Length  over  all 130  feet. 

Width  over  all 38     " 

Length  of  hull 90     " 

Width    of  hull 32     " 

Depth   of   hull 9     " 

Draught 4;!  " 

Lentil  of  dipper-arm,  wooden  part 38     " 

Length  of  dipper-arm,  including  dipper  ....        48     " 
Capacity  of  dipper,  ?>\  cubic  yards. 

One-inch  wire  hoisting  cables  are  used  instead  of  chains. 
Two  high  pressure  double  engines  : 

Cylinders  of  hoisting  engine,  2 — 15"  x  18". 

Cylinders  of  swinging  engine,  2 — 8"  x  12". 
Diameter  of  hoisting  drum,  30  inches. 
Boiler  (locomotive).  4  feet  by  12  feet. 
Coal  capacity,  40  tons. 
Coal  burned  in  10  hours,  3j  tons. 
Dredging  depth,  27  feet. 
Electric  lights  for  night  work. 
This  is  a  boom  dredge,  the  boom  being  suspended  from  shears.     All  the 

other  dredges  are  crane  dredges. 


318  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  dimensions  of  the  other  dredges  do  not  differ  very  widely  from 
the  above. 

The  following  is  a  description  of  the  best  type  of  dump  scow,  built 
of  steel : 

Length,  110  feet. 
Width,  28  feet. 
Depth  of  hold,  10  feet, 
-p,        ,  ,    f  empty,  2.t  feet. 
Draught  |i^a;ied;rOfeet. 

Capacity,  400  cubic  yards,  scow  measurement. 

The  other  dump  scows  are  built  of  wood  and  vary  as  follows  : 

In  length,  from  96  feet  to  115  feet. 

In  width,  from  24  feet  to  32  feet. 

In  depth  of  hold,  from  8  feet  to  10  feet. 

-r    J       <,]  f  /  eoipty,  from  2  feet  to  4  feet. 

°       \  loaded,  from  8  feet  to  10  feet. 
In  capacity,  from  230  cubic  yards  to  420  cubic  yards. 

Capacity  of  Plant. — From  May  15th  to  December  11th  the  number 
of  ten-hour  shifts  during  which  work  was  done  was  661,  and  the  number 
of  scows  loaded  was  2,173.  The  total  amount  of  material  excavated 
and  dumped  into  Lake  Michigan  was  400,262  cubic  yards.  The  aver- 
age output  per  ten-hour  shift  per  dredge  was  606  cubic  yards,  and  the 
average  load  per  scow  was  184  cubic  yards. 

The  largest  average  output  per  ten-hour  shift  per  dredge  during 
any  month  was  870  cubic  yards,  in  July,  and  the  least  was  330  cubic 
yards,  in  November  and  December.  During  the  latter  months  the 
dredges  were  mostly  engaged  in  finishing  the  bottom  and  side  slopes 
of  the  channel.  The  largest  average  scow  load  was  230  cubic  yards, 
in  August,  and  the  least  was  140  cubic  yards,  in  November  and  De- 
cember. 

In  considering  the  above  data  it  is  well  to  call  attention  to  the  fact 
that  during  all  the  season  the  dredges  were  worked  at  close  quarters, 
and,  therefore,  could  not  be  worked  to  the  best  advantage.  This  was 
due  to  the  lack  of  right-of-way,  the  dredges  not  being  able  to  proceed 
west  of  Western  Avenue  Boulevard.  Part  of  the  time  it  became  neces- 
sary for  one  dredge  to  cut  a  channel  ahead,  casting  the  material  on  each 
side,  in  order  to  make  room  for  the  other  dredges.  Thus  some  of  the 
material  was  handled  twice.  This  would  have  been  avoided  had  there 
been  moi-e  ground  to  work  over. 

The  following  shows  the  largest  day's  work,  done  by  each  dredge, 
wliich  came  under  our  observation  : 

Dredge  No.  3  loaded  8  scows  in  10  hours,  or  about  1,400  cubic  yards. 
Dredge  No.  G  loaded  5  scows  in  10  hours,  or  about  900  cubic  yards. 
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Dredge  No.  9  loaded  10  scows  in  10  hours,  or  about  1,800  cubic  yards. 
Dredge  No.  13  loaded  7  scows  in  10  hours  or  about  1,250  cul)ic  yards. 

The  following  shows  the  largest  week's  work  done  by  each  dredge: 

Dredge  No.  3  loaded  36  scows  in  6  ten-hour  shifts,  or  about  6,600  cubic  yards, 
being  an  average  output  per  10  hours  of  1,100  cubic  yards.     July  9th  to  14th. 

Di-edge  No.  6  loaded  40  scows  in  12  ten-hour  shifts — night  and  day  work — 
or  about  9,200  cubic  yards,  being  an  average  output  per  10  hours  of  770  cubic  yards. 
Time  was  lost  waiting  for  scows.     August  13th  to  18th. 

Dredge  No.  9  loaded  48  scows  in  6  ten-hour  shifts,  or  about  9,200  cubic  yards, 
being  an  average  output  per  10  hours  of  1,530  cubic  yards.     June  19th  to  25th. 

Dredge  No.  13  loaded  28  scows  in  6  ten-hour  shifts,  or  about  5,350  cubic  yards, 
being  an  average  output  per  10  hours  of  890  cubic  yards.     June  1 1th  to  16th. 

Description  op  Figures. 

Fig.  1. — Cross-section  at  station  40  +  50,  showing  progress  of  work  in  the 
basin. 

Fig.  2. — Cross-section  at  station  52,  showing  progress  of  work  in  the  main 
channel. 

Fig.  3. — View  of  the  main  channel  looking  westward  from  station  44,  south 
bank,  showing,  on  the  left,  portion  of  cut  excavated  by  dry  methods,  and  on  the 
right,  portion  excavated  by  dredges.     June  21,  1894. 

Fig.  4. — View  showing  dredging  plant  at  work  ;  looking  eastward  from 
station  50.     Dredge  No.  9  is  in  the  foreground.     July  7,  1894. 

Fig.  5. — View  looking  eastward,  up  the  main  channel  from  Western  Avenue 
Boulevard.  This  part  of  the  channel  is  almost  finished,  and  the  dredges  are 
engaged  in  finishing  side  slopes.     October  17,  1894. 

Section  N. — On  Section  N  the  total  amount  of  material  to  be  exca- 
vated is  1,105,443  cubic  yards.  On  December  20,  1894,  about  71,300 
cubic  yards  had  been  excavated,  leaving  1,034,143  cubic  yards  to  be 
excavated.  All  this  work  was  done  by  dry  methods.  Some  of  the  exca- 
vated material  was  used  in  building  a  levee  north  of  the  main  channel 
and  in  filling  up  clay  holes.  The  bahxnce  was  loaded  into  wagons  and 
railroad  cars,  and  used  for  grading  purposes  in  various  parts  of  the  city. 
The  railroad  cars  were  loaded  from  temporary  double-ended  timber 
inclines  built  across  the  railroad  track,  and  high  enough  to  allow  the 
cars  to  pass  underneath.  The  material  was  taken  up  by  wheel-scrapers, 
hauled  up  to  top  platform  of  incline  and  dumped  through  trap-doors 
into  cars  underneath,  the  empty  scrapers  passing  down  the  other  end  of 
the  incline. 

The  dredging  plant  could  not  get  access  to  this  section  for  reasons 
already  referred  to  under  the  head  of  •'  Collateral  Channel."  This 
section  is  entirely  surrounded  by  railroad  lines,  and  up  to  the  present 
time  the  right-of-way  matters  in  connection  therewith  have  not  been 
fully  adjusted. 
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The  work  on  both  sections,  O  and  N,  is  being  done  by  firms  com- 
prising the  Illinois  Dredging  Company  and  Hayes  Brothers. 

Sections  M  and  L. 

The  contract  for  sections  M  and  L  was  let  to  the  Heidenreich  Com- 
pany on  December  27,  1893. 

These  sections  extend  from  the  west  right-of-way  line  of  the 
Santa  Fe  Railroad  to  the  east  right-of-way  line  of  the  Belt  Railroad, 
about  IJ  miles.  They  are  not  crossed  by  any  railroad  lines  nor  by 
any  public  highways.  The  oi'iginal  surface  was  almost  a  perfectly  flat 
prairie,  the  west  end  of  Section  L,  being  about  one  foot  higher  than  the 
east  end  of  Section  M.  This  topographical  feature  enabled  the  con- 
tractors to  use,  under  the  most  favorable  conditions,  the  plant  to  be 
described  later  on. 

The  sections  are  worked  together ;  the  plant  as  designed,  passing 
back  and  forth  over  both  sections. 

The  total  amount  of  material  to  be  excavated  is  1,811,731  cubic 
yards  (Section  M.  717,650  and  Section  L,  1,094,081).  On  December 
24,  1894,  about  801,870  cubic  yards  (Section  M,  343,804  and  Section  L, 
458,066)  had  been  excavated,  leaving  1,009,861  cubic  yards  (Section  M, 
373,846  and  Section  L,  636,015)  to  be  excavated. 

Of  the  amount  thus  far  excavated  about  178,387  cubic  yards  (Sec- 
tion M,  80,178,  and  Section  L,  98,209)  were  taken  out  with  wheel- 
scrapers,  dump-cars  and  New  Era  graders,  and  the  balance,  623,483 
cubic  yards  (Section  M,  263,626,  and  Section  L,  359,857),  was  taken 
out  with  steam  shovels  in  connection  with  inclined  conveyors. 

The  teamwork  was  undertaken  more  to  keep  up  the  contract  re- 
quirements as  to  monthly  progress  than  for  any  other  reason.  As  soon 
as  the  excavating  plant  was  fairly  installed,  the  team-work  was  stopped. 

Excavating  Plant :  Steam  Shovels  ivlth  Inclined  Conveyors. — Four 
steam  shovels  are  now  in  use.  Each  shovel  travels  on  a  path  parallel  to 
the  center  line,  making  a  longitudinal  cut.  It  loads  the  material  into 
two  cars,  one  at  a  time,  and  these  are  drawn  by  cable-hoisting  machinery 
up  an  incline  and  automatically  dumped  from  its  apex.  The  incline 
moves  alongside  the  chaunel  at  the  same  rate  as  the  steam  shovel,  and 
the  excavated  material  is  dumped  in  a  ridge  parallel  to  the  chaunel. 
When  the  plant  reaches  the  end  of  the  work,  the  steam  shovel  is  turned 
around  and  the  incline  is  moved  toward  the  channel.  Then  another  cut 
is  made  in  the  reverse  direction.  When  two  ])lauts  meet,  the  steam 
shovels  pass  each  other  and  exchange  inclines.  The  height  of  the  fin- 
ished spoil-bank  will  be  about  30  feet.  An  80-foot  berm  is  left  on  each 
side  of  th(!  channel. 
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Description  of  Inclined  Conveyor. — The  inclined  conveyor  proper  is 
about  80  feet  long  over  all ;  its  base  is  about  46  feet  long  ;  its  height  is 
about  34  feet,  and  its  width  16  feet.  The  upper  chords,  on  which  rests 
the  dump-car-track  system,  are  about  80  feet  long.  The  apex  of  the 
incline  overhangs  about  26  feet,  and  the  end  of  the  car  tipple  about  8 
feet  farther.  The  side  elevation  looks  like  an  obtuse-angled  isosceles 
triangle  resting  on  one  of  the  equal  sides,  the  obtuse  angle  being  about 
130°. 

The  incline  is  mounted  on  two  eight-wheel  trucks  which  travel  on 
two  temporary  railroad  tracks  of  3  feet  gauge  and  32  feet  between  cen- 
ters. These  railroad  tracks  are  parallel  to  the  channel.  The  truck 
nearest   the   channel   side   is  lengthened   out  sufficiently  to   carry   the 
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Fig.  7. — Typical  Cross-section  showing  Progress  of  Work  to  December  31, 

1894.    Section  M. 


boiler-room,  which  is  adjacent  to  the  incline.  Part  of  the  space  in  the 
interior  of  the  incline  nearest  the  channel  is  enclosed  and  contains  the 
cable-hoisting  machinery. 

The  approach  from  the  channel  side  is  made  on  a  temporary  tim- 
ber-trestle. This  trestle  connects  with  the  incline  at  a  point  about  10 
feet  above  the  ground,  and  descends  uniformly  to  the  edge  of  the  slope. 
It  then  breaks  grade  and  continues  down  the  sloping  sides  to  the  steam 
shovel.  The  base  of  each  bent  of  the  trestle  is  a  6"  X  6"  timber,  rounded 
upward  at  each  end  so  as  to  serve  as  a  runner. 

The  incline  is  moved  ahead  by  means  of  a  shaft  geared  to  the  car- 
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wheels  and  hoisting-engine;  or,  in  some  cases,  by  means  of  blocks  and 
tackle,  power  being  furnished  by  the  hoisting-engine.  The  trestle  ap- 
proach is  moved  ahead  with  the  incline  by  a  system  of  light  wire  cables 
running  to  a  capstan  turned  by  horse-power.  To  prevent  the  approach 
from  settling  unevenly  it  is  run  across  lines  of  planking  laid  at  inter- 
vals.    The  bottoms  of  the  runners  are  greased  to  reduce  the  friction. 

The  incline  and  its  approach  carry  a  standard  gauge  double  track, 
10  feet  between  centers.  Two  cars,  each  9  feet  long,  8  feet  wide  and 
2  feet  deep,  are  used.  The  front,  or  upper,  end  of  each  car  is  open.  The 
cars  are  rated  at  5  cubic  yards. 

The  hoisting  engine  is  a  Mundy  double-drum  engine  of  75  I.  H.  P. 
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Fig.  8. — Typical  Cross-section  showing  Progress  of  Work  to  December  31, 

1894.    Section  L. 


The  hoisting  drums  are  48  inches  in  diameter;  J  or  s-inch  wire  hoisting 
cables  are  used.  Each  cable  passes  from  its  drum,  underneath  the 
incline,  to  a  pulley  at  the  end  of  the  tipple,  and  then  down  the  track  to 
car. 

Method  of  Working. — Tiie  method  of  working  is  as  follows:  One  of 
the  cars  is  put  in  position  so  that  the  steam  shovel  can  load  it.  As  soon 
as  it  is  loaded,  it  is  drawn  up  the  trestle  approach  and  the  incline.  On 
reaching  the  apex  of  the  incline,  where  a  short  section  of  the  track  is 
pivoted  on  a  horizontal  axis,  the  weight  of  the  loaded  car  and  the 
tension  of  the  cable  cause  the  forward  end  of  this  section  of  track,  or 


Fici.  9. — View  showing  inclined  conveyor  and  steam  shovel,  south  bank  of 
main  channel  at  about  station  190,  from  station  187  ;  working  on  second  cut.  One 
car  dumped  and  one  being  loaded.     Section  L,  June  29,  1894. 


Fig.  10. — View  showing'steam  shovel  at  work  near  station  165,  north  bank, 
loading  car  at  channel  end  of  inclined  conveyor  ;  empty  car  on  top  of  bank  ;  cap- 
stan for  moving  trestle  approach  on  right  of  steam  shovel  dipper;  second  cut,  look- 
ing northwest  from  station  164.     Section  M,  June  29,  1894. 


Fi(i.  11. — View  showing  incline  ;  fiir  on  tipple  about  to  dump  ;  looking  nurtli- 
west.     Section  M,  June  2!),  181)4. 
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tipple,  as  it  is  called,  to  drop,  and  the  excavated  material  slides  out  of 
the  car.  As  soon  as  the  car  is  empty,  and  the  tension  on  the  cable 
released,  the  tipple  is  brought  back  into  its  normal  position  by  counter- 
balances, and  the  car  is  again  let  down  into  the  cut.  In  the  meantime 
the  other  car  has  been  loaded  and  is  being  hoisted.  Generally,  the 
empty  car  is  returned  to  the  channel  side  before  the  other  car  is  fully 
loaded.  Thus  the  cars  are  loaded  and  dumped  alternately,  and  the 
shovel  loses  no  time.  When  the  shovel  has  to  be  moved  ahead,  the 
incline  and  its  approach  are  moved  ahead  at  the  same  time.  The 
incline  can  be  moved  into  a  new  position  sooner  than  the  steam  shovel, 
and  the  latter  can  resume  operations  as  soon  as  it  is  in  position. 

The  tipple  is  provided  with  a  system  of  hooks  and  catches  which 
hold  the  car  and  prevent  it  i'rom  falling  off  when  it  dumps. 

When  a  car  is  loaded,  the  engine-man  is  signaled  to  hoist  it. 
When  the  car  nearly  reaches  the  top,  it  strikes  a  lever  which  operates 
an  audible  signal  in  the  engine-room,  thus  informing  the  engine-man 
when  to  slow  up  and  stop  the  engine.  In  the  engine-room  is  also  a 
visible  signal  which  shows  when  the  tipple  has  comeback  into  position 
after  dumping  the  car.  The  engine-man  then  releases  his  brake,  and 
the  car  descends.  The  descent  of  the  car  is  controlled  by  the  signal- 
man at  the  channel  side,  who  is  able  to  stop  the  car  at  any  point  on 
the  incline.  This  is  done  by  a  band-brake,  on  the  hoisting  drum, 
operated  by  the  signal-man.  In  other  words,  each  drum  has  two  brakes, 
one  of  which,  by  a  system  of  rods  and  levers,  can  also  be  operated  from 
the  channel  side  when  the  movement  of  the  car  is  in  plain  view.  By 
this  system  the  engine-man  is  able  to  give  his  entire  attention  to  the 
drum  hoisting  the  other  car,  and  there  is  less  liability  to  accidents 
arising  from  mistakes  in  signaling.  As  a  further  precaution,  each 
track  is  provided  with  a  derailing  switch  placed  on  the  trestle  about 
18  feet  from  the  foot  of  the  incline.  In  case  the  cable  breaks  while 
a  car  is  near  the  top  of  tlie  incline,  the  car  could  be  thrown  off 
the  track,  and  much  less  damage  done  to  life  and  property,  than  if  it 
ran  away  into  the  cut.  Fortunately  it  has  not  yet  been  necessary  to 
use  this  appliance. 

The  excavation  of  the  channel  is  made  by  a  series  of  longitudinal 
cuts.  In  making  the  first  cut  the  incline  was  placed  in  position  just  so 
far  from  the  right-of-way  line  that  when  the  material  was  dumped  it 
would  not  spoil  outside  of  the  right-of-way.  The  first  cut  was  about  8 
feet  deep  and  about  45  feet  wide  at  the  top,  bounded  on  one  side  by  the 
slope  of  the  channel.  The  second  cut  was  a  widening  and  a  deepening 
of  the  first  cut,  taking  in  about  25  feet  of  additional  width  and  going 
down  to  15  feet  below  the  surface.  The  third  cut  extended  out  to  about 
80  feet  from  the  slope  stakes  and  to  20  feet  in  depth.     After  the  third 
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cut  the  succeeding  cuts  were  made  of  the  same  depth  as  the  third, 
taking  in  10  to  20  feet  additional  width  of  excavation  at  each  cut. 

The  slopes  are  roughly  dressed  with  the  steam  shovels,  and  then 
finished  with  plows,  drag-scrapers  and  hand  shovels. 

At  present  there  are  three  steam  shovels  and  inclined  conveyors  on 
the  north  side  of  the  channel  and  one  on  the  south  side,  there  being  a 
greater  spoil  area  on  the  north  side.  The  first  incline  was  put  in  opera- 
tion on  March  22(1  and  the  last  on  September  17,  1894. 

Generally,  after  one  cut  is  finished,  the  incline  is  moved  a  short 
distance,  5  feet  or  more,  toward  the  channel,  the  trestle  approach  being 
shortened  on  the  berra  and  lengthened  in  the  cut. 

It  is  proposed  to  complete  the  20-foot  cut  clear  across  the  channel 
and  then  repeat  the  operation  for  the  remaining  18  feet  or  so  of  the 
required  depth. 

Working  Capacity  of  Plant. — The  largest  average  output  of  each 
steam  shovel  per  ten-hour  shift,  during  any  mouth,  was  968  cubic  yards, 
in  July,  1894,  when  87,900  cubic  yards  were  excavated  in  90.8  ten- 
hour  shifts.  During  that  month,  three  plants  were  in  operation,  two 
working  12  hours  per  day  all  the  mouth  ;  and  one,  12  hours  per  day  to 
the  11th,  and  in  two  ten-hour  shifts  for  the  balance  of  the  month. 

The  largest  steam  shovel  output  during  any  month  was  93,700 
cubic  yards,  in  December,  1894,  when  the  average  output  of  each  steam 
shovel  per  ten-hour  shift  was  808  cubic  yards,  there  being  116  ten-hour 
shifts  during  which  work  was  done.  During  that  month  four  plants 
were  in  operation,  two  working  each  two  ten-hour  shifts  per  day  and 
one  working  one  ten-hour  shift  per  day. 

The  smallest  average  output  of  each  steam  shovel  per  ten-hour  shift 
was  662  cubic  yards,  in  August,  1894. 

In  the  above  comparisons  the  first  month,  March,  is  not  con- 
sidered. 

The  total  steam  shovel  output  from  March  22d,  when  the  plant  com- 
menced operations,  to  December  24,  1894,  was  623,483  cubic  yards, 
excavated  in  829.1  ten-hour  shifts,  making  the  average  output  of  each 
steam  shovel  per  ten-hour  shift  equal  to  752  cubic  yards. 

Description  of  Figures. 

Fig.  6. — Plan  and  sections  showing  arrangement  of  steam  shovels  and  in- 
clined conveyors. 

Fig.  7. — Typical  cross-section  showing  progress  of  work  to  December  31, 
1894.     Section  M. 

Fig.  8. — Typical  cross-section  showing  progress  of  work  to  December  31, 
1894.     Section  L. 

Fig.  9.  —  View  showing  inclined  conveyor  and  steam  shovel,  south  bank  of 
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main  channel  at  about  station  190,  from  station  187  ;  working  on  second  cut.  One 
car  dumped  and  one  being  loaded.     Section  L,  June  29,  1894. 

Fig.  10. — View  showing  steam  shovel  at  work  near  station  165,  north  bank, 
loading  car  at  channel  end  of  inclined  conveyor ;  empty  car  on  top  of  bank ;  cap- 
stan for  moving  trestle  approach  on  right  of  steam  shovel  dipper  ;  second  cut,  look- 
ing northwest  from  station  164.     Section  M,  June  29,  1894. 

Fig.  11. — View  showing  incline  ;  car  on  tipple  about  to  dump  ;  looking  north- 
west.    Section  M,  June  29,  1894. 


Sections  K  and  I. 

The  contract  for  Sections  K  and  I  was  let  to  Christie  &  Lowe  on 
December  27,  1893. 

These  sections  extend  from  the  east  right-of-way  line  of  the  West- 
ern Indiana  Belt  Railroad  south-westward  for  a  distance  of  8,690  feet. 
They  are  not  crossed  by  any  public  highways  and  only  by  one  double- 
track  railroad  line,  which,  however,  is  at  the  extreme  east  end  of  the 
work.  The  original  surface  was  about  the  same  as  on  Sections  M  and 
L,  but  slightly  more  rolling.  The  conditions  were  favorable  for  the  use 
of  the  plant  adopted  by  the  contractors. 

The  sections  are  worked  as  one.  The  work  was  started  near  the  east 
end  of  Section  I  and  prosecuted  in  both  directions. 

The  total  amount  of  material  to  be  excavated  is  2,279,402  cubic 
yards  (Section  K,  1,147,753,  and  Section  I,  1,131,649).  On  December 
26,  1894,  about  1,095,029  cubic  yards  (Section  K,  414,618,  and  Section 
I,  680,411)  had  been  excavated,  leaving  1,184,373  cubic  yards  (Section 
K,  733,135  and  Section  I,  451,238,)  to  be  excavated. 

Of  the  amount  thus  far  excavated,  about  471,948  cubic  yards  (Sec- 
tion K,  263,170  and  Section  I,  208,778)  were  taken  out  with  wheel- 
scrapers  and  New  Era  graders,  and  the  balance,  623,081  cubic  yards 
(Section  K,  151,448  and  Section  I,  471,633)  was  taken  out  with  steam 
shovels  in  connection  with  bridge  conveyors. 

Wheel-scraper  and  Grader  Work. — On  account  of  delays  in  securing 
the  necessary  material  and  machinery  for  installing  the  bridge  conveyors, 
and  in  order  to  fulfill  the  contract  requirements  as  to  monthly  progress 
while  the  excavating  plant  was  being  installed,  the  contractors  put  on  a 
force  of  men  and  teams,  using  wheel-scrapers,  New  Era  graders  and 
wagons.  By  these  means,  a  layer,  5  feet  to  7  feet  in  depth,  was  removed 
all  over  the  sections. 

On  Section  K  about  68,300  cubic  yards  were  moved  with  wheel- 
scrapers.  Work  was  done  on  62  days,  the  daily  average  force  being 
59.6  men,  36.8  teams,  23.9  wheel  scrapers,  and  2.0  plows.  The  average 
output  of  each  scraper  per  day  worked  was  46.1  cubic  yards.  Also,  on 
Section  K,  about  194,900  cubic  yards  were  moved  with  New  Era  graders 
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and  wagons.  Work  was  done  on  123  days,  the  daily  average  force  being 
50.4  men,  41.9  teams,  3.1  New  Era  graders  and  22.3  wagons.  The 
average  output  of  each  grader,  per  day  worked,  was  508  cubic  yards, 
and,  for  each  wagon,  7.1  cubic  yards.  The  spoil  area  on  the  north  was 
between  lines  80  and  290  feet  from  the  edge  of  the  channel,  and  on  the 
south  between  lines  80  and  260  feet  from  the  edge  of  the  cliannel,  the 
average  haul  being  probably  about  500  feet. 

Excavating  Plant :  Steam  Shovels  with  Bridge  Conveyors. — The  ex- 
cavating plant  now  consists  of  four  steam  shovels,  operated  in  connec- 
tion with  four  bridge  conveyors.  The  first  plant  was  put  in  operation 
on  March  29th  and  the  fourth  on  October  5,  1894. 
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Fig.  13.— Typical  Cross-section  showing   Method   of  Working  Sections 


K    AND   I. 


The  excavation  of  the  channel  was  to  be  made  in  two  cuts  of  about 
22  feet  and  16  feet  in  depth,  respectively.  However,  on  account  of  the 
work  done  with  wheel-scrapers  and  graders,  the  first  cut  is  now  reduced 
to  about  16  feet  in  depth  for  the  steam  shovels. 

The  excavation  of  each  cut  is  made  by  two  steam  shovels,  and  the 
excavated  material  is  removed  to  the  spoil  bank  by  the  conveying  sys- 
tems, of  which  one  works  in  connection  with  each  steam  shovel.  The 
shovels  work  in  opposite  directions,  one  in  each  cut  advancing  eastward 
and  one  in  each  cut  advancing  westward.  Each  cut  is  finished  from 
slope  to  slope  as  the  work  progresses.  At  the  slopes,  the  work  of  the 
steam   shovels  is  supplemented  by  manual  labor,  a  small  force  of  men 
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triramiiig  the  slopes  aud  shoveling  dowu  such  material  as  cannot  be 
reached  by  the  steam  shovel.  lu  order  to  reduce  the  manual  labor  on 
the  slopes,  a  triangular  cut,  having  the  slope  for  one  side,  is  made  ahead 
of  the  steam  shovels  on  each  side  with  plows  and  wheel-scrapers,  the 
material  being  wasted  toward  the  center.  The  lower  cut  is  finished  to 
grade,  the  steam  shovel  wastage  being  shoveled  by  hand  into  the  dump 
cars  of  the  bridge  conveyors. 

The  two  conveyors  for  the  upper  cut  are  on  the  north  side  of  the 
channel,  where  the  spoil  area  is  greater,  aud  the  two  conveyors  for  the 
lower  cut  are  on  the  south  side  of  the  channel. 

Each  conveyor  consists  of  a  riveted  steel  truss  bridge,  spanning  the 
spoil  area,  with  an  inclined  steel  trestle  approach  between  it  and  the  edge 
of  the  channel.  The  bridge  is  supported  by  tower  piers  mounted  on 
trucks,  which  travel  on  tracks  parallel  to  the  channel.  The  pier  farthest 
away  from  the  channel  travels  on  a  single  track.  The  pier  next  to  the 
channel  is  a  part  of  the  inclined  trestle  approach,  which  travels  on 
two  tracks  of  different  gauges.  The  track  next  to  the  channel  is  of 
wider  gauge,  and  the  truck  which  travels  on  this  track  is  made  long 
enough  to  carry  the  power-house  containing  the  boiler  aud  the  hoisting 
and  electric  lighting  machinery.  The  bridge  and  incline  carry  a 
double  track,  which  is  continued  down  the  slope  and  across  the  bottom 
of  the  cut.  The  tracks  on  the  bridge  overlap,  a  single-track  structure 
being  all  that  was  required.  This  an-angement  of  the  tracks  obviates 
the  use  of  switches. 

Each  bridge  on  the  north  side  is  of  210-foot  span,  and  each  one  on  the 
south  side  of  180-foot  span.  The  bottom  chords  of  the  trusses  are  about 
35  feet  above  the  surface  of  the  ground.  The  inclines  are  each  80  feet 
long,  and  the  width  of  the  berm  is  80  feet  also.  The  floor  of  the  210- 
foot  bridge  is  level,  while  that  of  the  180-foot  bridge  slopes  toward  the 
channel  at  the  rate  of  1  in  20. 

The  steam  shovel  travels  on  a  track  laid  across  the  bottom  of  the 
cut,  next  to  the  working  face  and  parallel  to  the  conveyor's  pit  tracks. 
The  latter  are  near  enough  to  the  steam  shovel's  track  to  permit  the 
steam  shovel  to  load  cars  placed  on  the  conveyor's  tracks.  In  working, 
the  steam  shovel  makes  a  cut  across  the  channel,  from  slope  to  slope. 
At  the  side  of  the  channel  farthest  from  the  conveyor  the  steam  shovel's 
track  curves  (radius  of  curve,  30  ft.)  backward  and  continues  a  short 
distance  (25  feet)  along  the  foot  of  the  slope.  The  part  of  the  track 
back  of  the  curve  can  be  separated  from  the  main  track.  When  it  is 
desired  to  move  the  main  track  ahead  for  another  transverse  cut,  the 
steam  shovel  is  run  back  onto  the  short  track. 

The  cars  used  with  each  conveyor  are  two  in  number,  8  feet  long, 
8  feet  wide  on  top  and  6  feet  7  inches  at  the  bottom,  and  4  feet  8  J  inches 
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deep,  with  9-iuch  sideboards.  They  are  side-dumping,  and  they  hold 
about  8  cubic  yards  each.  While  being  dumped,  the  body  of  the  car 
remains  stationary,  only  the  sides,  which  are  hinged  at  the  top,  being 
moved.  The  cross-section  of  the  material  space  of  the  car  is  shaped 
somewhat  like  the  letter  W,  the  center  lines  representing  the  floor  and 
the  side  lines  the  doors.  When  the  doors  are  released  the  material 
slides  out.  The  apex  of  the  floor  is  somewhat  lower  than  the  top  edges 
of  the  car  box  (4  inches  and  13  inches  at  ends  and  sides,  respectively). 
The  cars  are  alternately  drawn  on  top  of  the  bridge  by  cable  hoisting 
machinery.  The  hoisting  engine  is  of  100  H.P.  The  wire  hoisting 
cable  is  one  inch  in  diameter.  It  passes  from  the  drum  of  the  hoisting 
engine  to  a  pulley  underneath  the  incline,  then  underneath  the  floor  of 
the  incline  and  bridge  to  near  the  end  of  the  latter,  where  it  passes  over 
a  pulley  and  then  back  along  the  top  of  the  floor  to  the  car.  Of  course 
there  are  intermediate  pulleys  and  rollers,  which  carry  the  cable  in  a 
proper  manner.  On  the  long  spans  another  cable,  f  inch  in  diameter, 
is  used  to  pull  the  car  back  into  the  cut,  while  on  the  short  spans  the 
tail  cable  is  dispensed  with  and  the  car  descends  by  gravity  as  soon  as 
the  tension  on  the  hoisting  cable  is  released.  Only  one  set  of  cables  is 
used  with  each  conveyor,  the  head  and  tail  cables  being  coupled  first  to 
one  car  and  then  to  the  other. 

Method  of  Working. — The  method  of  working  is  as  follows: 
One  of  the  cars  is  put  in  position  and  is  loaded  by  the  steam  shovel. 
Then  the  cables  are  attached  and  it  is  drawn  up  onto  the  bridge,  where 
an  attendant  signals  the  engine-man  when  to  stop.  When  the  car  is 
stopped  at  the  proper  place  the  attendant  unlatches  the  levers  holding 
the  side  doors  in  place,  and  the  material  slides  out  and  falls  through  the 
bridge  floor  spaces  onto  the  spoil  area.  As  soon  as  the  car  is  emptied, 
the  side  doors  are  automatically  closed,  and  the  attendant  signals  for 
the  return  of  the  car  to  the  pit,  where  the  car  is  again  placed  in  posi- 
tion and  the  cables  uncoupled  and  attached  to  the  other  car,  which,  in 
the  meantime,  has  been  loaded.  Thus  the  cars  are  loaded  and  dumped 
alternately.  When  the  steam  shovel  finishes  its  cut  across  the  channel, 
it  is  moved  back  around  the  curve  to  the  short  piece  of  track,  which  is 
then  disconnected  from  the  main  track.  Then  the  whole  system — 
bridge,  incline  and  pit  tracks — is  moved  ahead  15  to  20  feet.  The 
movement  is  made  by  systems  of  cables  which  are  attached  to  the  bridge 
and  pit  tracks  and  which  run  to  capstans  and  winches  operated  by  animal 
power.  When  the  tracks  are  in  a  new  position,  a  section  of  track  is 
placed  in  the  space  made  in  the  steam  shovel  track,  and  the  steam  shovel 
is  moved  ahead  to  work  on  its  new  cut.  It  takes  from  45  minutes  to 
1^  hours  to  move. 


Fig.  14. — General  view  looking  west,  down  tlie  clumnel  from  left  bank,  show- 
ing in  tlie  foreground  the  upper  cut  as  left  after  the  team  work.  On  the  right  are  the 
two  bridge  conveyors  for  the  upper  cut,  and  on  tlie  left  the  two  bridge  conveyors  for 
the  lower  cut.     Triangular  cut  on  the  left  and  cai)stans  on  the  right. 
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Fig.  15. — View  looking  west,  down  the  channel,  showing  part  of  completed 
channel  and  lower  and  upper  cuts,  witli  steam  shovels  and  conveyors  working  at  the 
same.  The  pump-house  is  on  the  left  over  sump,  to  which  ditches  lead  for  drain- 
ing the  excavations  of  rain  water.  Comi)leted  channel,  110  feet  wide  at  bottom, 
slopes  2  to  1,  and  38  feet  deep. 


Fig.  l(i. — View  looking  iiortli.  End  view  of  steam  sliovel,  incline  and  210- 
foot  bridge  at  east  end  of  u])per  eiit.  The  steam  sliovel  is  at  the  end  of  its  cut, 
which  is  about  linislied. 


hid.    1 1. — >itli'  view  of  east  -!lU-fool  britlgeand  incline  of  tirsl  or  iii>perciit 
loaded  car  on  bridge  ;  note  head  and  tail  cables  ;  capstan  in  the  foreground. 
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The  two  plants  ou  the  lower  cut  leave  a  finished  channel  Ijehind 
them. 

On  December  26th,  about  2,100  feet  of  the  channel  were  practically 
completed. 

Worki7ig  Capacity  of  Plant. — The  largest  average  output  of  each 
steam  shovel,  per  ten-hour  shift,  during  any  month,  was  695  cubic  yards, 
in  December,  1894,  when  109,805  cubic  yards  were  excavated  in  158  ten- 
hour  shifts.  During  that  month  all  four  plants  were  in  operation,  work- 
ing day  and  night  ten-hour  shifts  during  the  first  two-thirds  of  the 
month;  during  the  balance  of  the  month,  two  of  the  plants  worked  only 
day  ten-hour  shifts.  A  still  larger  average  output  is  indicated  during 
the  mouth  of  June,  when  it  was  about  7.30  cubic  yards  per  ten-hour  shift, 
the  total  steam  shovel  output  being  estimated  at  about  38,000  cubic 
yards.  During  that  month  one  plant  was  in  operation,  working  in  two 
ten-hour  shifts  per  day.  However,  it  must  be  said  that  on  account  of 
being  involved  with  some  team  work,  the  June  steam  shovel  output  is 
not  accurately  known,  the  above  being  the  most  conservative  estimate. 

The  largest  steam  shovel  output  during  any  mouth  was  123,147 
cubic  yards,  in  November,  1894,  when  the  average  output  of  each  steam 
shovel  per  ten-hour  shift  was  582  cubic  yards,  there  beiny  21U  ten-hour 
shifts,  during  which  work  was  done.  During  that  mouth  all  four  plants 
were  iu  operation,  each  working  in  two  ten-hour  shifts  per  day  of  twenty- 
four  hours. 

The  smallest  average  output  of  each  steam  shovel  per  ten-hour  sliift 
was  515  cubic  yards  and  570  cubic  yards,  in  May  and  September,  1894, 
respectively. 

In  the  foregoing  comparisons  the  first  two  months,  INIarch  and  April, 
are  not  cousidered. 

The  total  steam  shovel  output  from  March  29,  when  the  plant 
commenced  operations,  to  December  26,  1894,  was  623,000  cubic  yards, 
excavated  in  1025  ten-hour  shifts,  making  the  average  output  of  each 
steam  shovel,  per  ten-hour  shift,  e(jual  to  608  cubic  yards. 


Desckiption  of  Figures. 

P'lG.  12. — Plan  and  sections  sliowing  arrangement  of  steam  shovels  and 
bridge  conveyors. 

Fig.  13. — Typical  cross-section  showing  method  of  working  Sections  K 
and  I. 

Fig.  14. —  General  view  looking  west,  down  the  channel  from  left  bank,  show- 
ing in  the  foreground  the  upper  cut  as  left  after  tlie  team  work.  On  the  right  are  the 
two  bridge  conveyors  for  the  upper  cut,  and  on  the  left  the  two  bridge  conveyors  for 
the  lower  cut.     Triangular  cut  on  tiie  left  and  capstans  on  the  right. 

Fig.  15. — View  looking  west,  down  the  ciiannel,  showing  part  of  completed 
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channel  and  lower  and  npjjer  cuts,  with  steam  shovels  and  conveyors  working  at  the 
same.  The  i)iimp-house  is  on  the  left  over  sumj),  to  which  ditches  lead  for  drain- 
ing the  excavations  of  rain  water.  Completed  channel,  110  feet  wide  at  bottom, 
slopes  2  to  1,  and  38  feet  deep. 

Fig.  16. — View  looking  north.  End  view  of  steam  shovel,  incline  and  210- 
foot  bridge  at  east  end  of  upper  cut.  The  steam  shovel  is  at  the  end  of  its  cut, 
which  is  about  finished. 

Fig.  17. — Side  view  of  east  210-foot  bridge  and  incline  of  first  or  upper  cut; 
loaded  car  on  bridge  ;  note  head  and  tail  cables ;  oa]>stan  in  the  foreground. 
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RAILWAY  LOCATION  AND   COXSTKUCTIOX  AS  PRAC- 
TISED IX  THE  AVESTERX  STATES. 


By  W.  B.  Lawsox,  Member  of  the  Den^ver  Society  of  Civil  Excuneers. 


[Read  Septemher  5,  1S94.*] 

The  primary  intent  of  this  paper  is  to  place  before  the  reader  au 
outline  sketch  of  the  i?iethods  used  iu  constructing  our  Western  railways, 
and  something  of  the  circumstances  surrounding  the  builders;  not  to 
give  theoretical  instruction,  or  to  tell  an  unknown  tale.  The  author 
has  been  for  some  twenty-five  years  in  the  midst  of  the  fray,  both  as  a 
pawn  and  as  a  player  in  the  game,  and  the  statements  made  are  such  as 
his  experience  warrants. 

The  lenses  through  which  the  critic  views  our  railway  systems  and 
scans  their  details,  can  never  be  of  sufficient  power  to  reveal  the  barbed 
environments  which  circumscribed  the  actions  of  the  time;  nor  can 
present  analysis  reveal  the  value,  then  placed  upon  fragments  of  time 
or  upon  small  amounts  of  capital.  To  seize  quickly  the  golden  oppor- 
tunity, and  bind  it  with  the  slender  means  within  quick  grasp,  lines  with 
rich  prizes  at  the  yonder  end  were  often  cut!  Uncaught  fish  are 
of  little  worth  when  the  craft  that  floats  us  must  be  quickly  handled 
or  be  wrecked.  Yet  a  critic  might  declare,  "  A  sad  mistake  was  made 
right  there." 

MAXXER    OF    GROWTH    OF    RAILWAY    SYSTEMS. 

No  one  of  our  great  systems  is  the  result  of  a  carefully  pre-arranged 
plan,  but  rather  that  of  a  welding  together  of  numerous  fragments, 
either  ready  made,  or  built  as  the  plans  developed  and  as  seemed  expe- 
dient to  the  management  in  temporary  control  ;  straight  links,  and 
crooked  links,  hooked  together  as  they  lay — 'tis  a  wonder  they  are  so 
good;  'tis  a  pity  they  are  so  bad.  The  ra])id  growth  of  plans,  the  whirl 
of  events,  and  the  tremendous  energy  displayed  in  wresting  vast  terri- 
tories from  wild  nature,  and  from  the  other  fellow,  form  a  history  of 
intense  activity,  which  may  be  but  outlined  by  the  most  masterly  hand. 
The  mainspring  of  all  this  energetic  activity,  was  private  gain,  a  feverish 
desire  that  the  reaper  should  keep  pace  with  the  sower,  as  well  as  an 
ambition  to  lead  in  the  race. 

Corporations  for  any  legitimate  purpose  are  easily  and  cheaply 
formed,  and  often  personal  liability  therein  is  too  easily  avoided.    Before 
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the  era  of  consolidated  railway  interests,  railroad  eonipauies, some  of  village 
and  some  of  national  repute,  were  formed  by  hundreds,  the  latter  to  acquire 
some  Government  rewards,  amounting  in  some  cases  to  a  score  of  thou- 
sands of  acres  of  land  and  guaranteed  interest  upon  a  certain  capitaliza- 
tion for  each  mile  of  railway  built.  Others  availed  themselves  of  state, 
county,  municipal  or  private  aid,  either  voluntarily  offered  l)y  the  people 
or  diligently  wheedled  from  them.  While  this  aid,  when  honestly 
earned,  has  been  usually  a  good  investment  for  the  donors,  it  accounts 
for  )nany  errors  in  location,  of  more  or  less  importance,  and  for  much 
seemingly  extravagant  economy  in  original  outlay.  In  after  years, 
when  a  furious  race  for  supremacy  came  on,  companies  found  themselves 
seriously  hobbled  by  grades  and  detours  unwisely  introduced  to  secure 
some  local  aid.  Still,  many  lines,  of  great  importance  now,  could  not 
have  been  built  for  many  years  without  such  help,  and  the  policy,  with 
all  its  evils,  certainly  accelerated  the  progress  of  development.  The 
railroad  syndicates  very  promptly  formed  land  and  town  companies, 
which  controlled  the  location  of,  and  the  title  to,  all  new  town-sites. 
Strangely  (?)  the  original  settlers  were  wonderfully  unsuccessful  in 
selecting  just  the  proper  site  for  a  railway  station,  and  villages  seldom 
dared  to  refuse  the  required  bonus  "  in  compensation  for  the  trouble 
incident  to  a  station  inconveniently  located."  Local  aids  were  pledged 
to  grade  and  tie  the  road ;  the  right  of  way  and  grade  was  pledged  to 
iron  and  equip  it.  Railway  stocks  went  with  the  bonds  as  a  make- 
weight ;  the  acquired  land  grant  was  appraised  low,  railway  stocks  were 
sometimes  made  legal  tender  for  lands,  aud  the  syndicate  seldom  hap- 
pened to  take  the  poorest  lands  in  theirs.  Thus  sowers  raced,  and 
reapers  trod  their  heels; — small  wonder  there  was  haste. 

More  recently,  lines  have  been  built  to  sell  to  one  or  the  other  com- 
pany, many  of  them  in  the  line  of  legitimate  progress,  but  others  vicious 
blackmailing  schemes  that  blighted  prosperity  and  retarded  progress. 

The  larger  extensions  are  now  usually  succored  by  some  large  corpo- 
ration, or  by  individuals  therein,  having  sufficient  influence  to  secure 
their  adoption  by  the  company  in  good  time.  This  is  usually  done  with 
great  secrecy,  shrewd  strategy  and  many  denials.  Local  corporations 
of  small  pretensions  are  organized,  by  which  contracts,  and  deeds  for 
right  of  w\ay  are  taken,  and  for  which  locations  of  line  ai'e  more  or  less 
perfected;  local  rivalries  are  skillfully  stimulated  ;  men  of  local  influence 
are  flattered  by  official  places;  communities  and  individuals  are  caress- 
ingly milked  quite  dry  of  rights  of  way  and  privileges,  aud  sometimes 
monetary  gifts  are  made,  although  the  latter  practice  is  becoming  of  ill 
repute.  When  the  scheme  is  ripe,  a  new  company  is  organized,  into 
which  all  local  companies  are  merged,  from  which  the  now  useless  dig- 
nitaries of  local  repute  are  excluded,  and  by  which,  inconvenient  pledges 
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made  by  these  dignitaries  are  often  ignored.  The  child  is  adopted  by 
the  parent  company,  either  openly,  as  one  of  the  family,  or  covertly,  as  a 
poor  relation  on  probation. 

Of  course  our  railway  managers  are  sometimes  wonderfully  far- 
sighted  and  keen  in  anticipating  future  exigencies,  and  in  making  all 
possible  preparations  for  speedily  capturing  unoccupied  territories  in 
future  years.  Rival  companies  of  gigantic  resources  hunger  for  the 
same  game,  when  large  enough  to  pot ;  and  each  watches  the  territory 
as  does  a  hungry  hawk  the  sward  beneath.  When  the  race  for  suprem- 
acy does  come,  mighty  feats  are  done ;  each  day  new  leagues  are  bound 
in  iron  bands,  and  Queen  Silence  is  forever  banished.  To  the  intense 
excitement  of  such  races,  and  to  the  desperation  that  seems  to  seize  one 
or  more  of  the  rivals  at  witnessing  the  boldness  and  strength  of  the 
other,  must  be  attributed  many  of  the  reckless  entanglements  of  rival 
systems.  It  was  a  war  between  giants,  and  treasure  was  poured  out 
with  a  lavishness  that  sorely  challenged  the  reputation  for  sagacity  that 
some  of  our  strongest  men  had  won  before,  and  which  arms  the  anti- 
corporation  howler  with  powerful  weapons  of  attack.  But  the  sketch  of 
conditions  of  growth  is  sufficiently  amplified  to  furnish,  to  stranger  and 
to  critic,  the  key  to  many  riddles. 

CHIEF    ENGINEER    OF    LOCATION. 

Upon  the  chief  engineer  of  location  falls  the  burden  of  responsi- 
bility as  to  the  possible  economy  of  the  line  as  it  is  developed  under 
traffic,  and  yet  he  may  not  be  permitted  to  locate  it  in  accordance  with 
his  best  judgment,  for  that  judgment  may  be  overruled  arbitrarily  by 
others,  or  by  the  force  of  circumstances,  but  such  overruling  leaves  no 
trace  of  its  action.  To  him  also  falls  the  personal  supervision  of  the 
endless  details  of  location.  He  either  makes  the  original  reconnoissance, 
or  examines,  at  least,  the  best  of  the  routes  indicated  by  trusted  assistants, 
and  fjimiliarizes  himself  with  the  general  topography  of  the  country  and 
with  such  of  its  details  as  may  affect  the  line  chosen  ;  as  well  as  the  re- 
sources of  the  country,  the  most  promising  town-sites,  deposits  of  valuable 
material,  the  characteristics  of  the  climate,  soil,  water,  etc.  In  short, 
he  must  be  authority  upon  all  the  questions  which  the  fertile  brains  of 
the  directors  may  concoct,  and  not  unusually  must  he  make  a  mental 
estimate  of  the  cost  of  the  road-bed,  and  of  the  time  required  for  con- 
struction, in  advance  of  any  figures  based  upon  measurements.  It 
requires  rare  powers  of  quick  and  accurate  observation,  and  of  keen 
analysis,  a  retentive  memory  of  locality,  and  sound  judgment,  to  fill  the 
bill.  The  quickly  formed  mental  estimate  of  cost  is  often  strangely 
near  the  truth  ;  the  skill  to  make  it  is  a  faculty  highly  cultivated  in 
some,   and   never   acquired  by    a    dullard.      He    furnishes   the   field 
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engineer  with  general  plans  of  all  ordinary  structures,  with  simple 
formulas  for  calculating  the  cost,  or  with  memoranda  of  the  same,  as 
well  as  of  the  cost  of  grading,  the  maximum  grades  and  curves  per- 
missible, the  value  to  be  placed  upon  distance,  curvature  and  undu- 
lation saved ;  of  ])ermanent  bridges  eliminated,  etc.,  etc.  He  inspects 
the  line  as  laid,  and  the  location  and  size  of  draiuage  structures,  closely 
scans  the  cubical  quantities  calculated,  fixes  prices  upon  different  por- 
tions, signs  the  preliminary  estimates,  and  makes  reports  to  directors. 
It  is  not  unusual  for  an  imperative  demand  to  come  for  an  estimate  to 
be  completed  within  two  or  three  days,  which,  regularly  calculated, 
would  require  as  many  weeks.  "A  special  meeting  of  financiers  must 
consider  the  scheme  at  an  early  date,"  or  some  such  importunate  cir- 
cumstance seems  always  lying  in  wait  to  crowd  the  engineer.  He  must 
submit  his  best  efl^ort,  upon  which  his  reputation  more  or  less  depends, 
without  show  of  hesitancy  or  discontent,  or  he  incurs  the  odium  of 
clogging  the  machinery  by  slow  motion. 

The  problems  incident  to  a  scientifically  adjusted  location  have 
been  solved,  upon  the  major  portion  of  our  railroads,  largely  by  personal 
judgment  alone,  each  engineer  deciding  for  himself,  by  reasoning  upon 
the  particular  case  at  hand,  often  with  an  acumen  that  bears  the 
searching  test  alForded  by  unexpected  volumes  of  traffic,  and  sometimes 
with  the  sole  idea  that  a  smooth  light  profile  was  the  one  supreme  test 
of  the  ability  of  an  engineer.  The  individuality  of  the  locating  engineer 
is  traceable  wherever  he  has  worked.  This  applies  the  less,  however, 
as  the  science  advances,  and  as  railway  schemes  are  carried  out  with 
more  deliberation.  This  fiict  is  not  surprising  under  the  circumstances. 
Consider  them  ! 

Many  of  the  most  active  locating  engineers  of  former  days,  spent 
years  at  the  front,  rarely  meeting  a  fellow  craftsman  or  even  seeing  the 
work  of  other  engineers;  almost  constantly  remote  from  communication, 
and  deprived  of  professional  literature  (aside  from  nature's  volume  and 
his  own  pocket  note-books),  with  every  day  of  his  life  crowded  with 
^Dressing  duties.  A  brief  call  upon  his  family,  or  from  his  wife,  was  the 
only  shining  light  enjoyed  during  months  of  a  life  devoted  to  the  stern 
demands  of  a  calling  arduous  to  the  very  extreme.  Very  eagerly  have 
they  drunk,  upon  opportunity,  of  the  wisdom  of  others,  but  perforce 
they  have  been  inventing  methods,  and  gathering  experience  personally, 
striving,  each  to  the  best  of  his  ability,  to  prove  himself  a  man  of 
superior  ability  in  his  profession.  Indeed,  the  literature  of  this  branch 
of  the  profession,  at  all  applicable  to  practice  under  the  conditions,  has 
been  extremely  limited,  until  years  subsequent  to  the  growth  of  the 
greater  jjortion  of  our  railroad  systems.  JSIany  of  the  conditions  met 
and  conquered  by  force  of  original  good  sense  and  judgment  were  never 
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met  before,  and  still  remain  unrecorded.  Many  more  or  less  arbitrary 
formulas,  for  calculating  the  alleged  justifiable  expense  of  eliminating  a 
foot  of  distance  or  of  undulation,  or  of  a  degree  of  curvature,  have  been 
used.  Some  of  these  are  the  result  of  elaborate  calculations.  They  are 
useful,  in  comparing  the  values  of  difl^erent  lines,  as  is  a  string  of 
unknown  length,  in  comparing  unknown  distances — but  a  railroad, 
located  by  the  best  formulas  extant,  might  present  many  absurdities  of 
great  or  small  degree  ;  for  the  simple  reason  that  values  of  the  same 
unit  are  not.  equal  in  different  localities,  even  upon  the  same  line  or 
upon  lines  carrying  the  same  traffic,  even,  possibly,  within  very  short 
distances. 

The  following  appears  in  the  author's  memoranda,  as  having  been 
used  by  different  engineers  upon  trunk  line  location : 

Table  Used  in  Equating  Values  of  Distance,  Curvature  and 
Undulations  on  the  X  Railway. 


Ui)nn  ruling 

Distance  vahie, 

Curvature, 

Undulation, 

gradient  of 

per  foot. 

per  degree. 

per  foot. 

0.4 

$  2  60 

$10  00 

$  35  00 

0.5 

2  80 

10  SO 

39  00 

0.6 

3  00 

11  60 

43  00 

0.8 

3  40 

13  10 

47  00 

1.0 

3  80 

14  50 

51  00 

1.2 

4  30 

16  30 

59  00 

].4 

4  SO 

18  40 

67  00 

1.7 

5  GO 

21  40 

75  00 

2.0 

6  50 

24  60 

91  00 

3.0 

9  80 

37  10 

107  00 

4.0 

14  20 

54  00 

123  00 

Distance  value  to  be  doubled  for  5  or  more  miles  saved.  Table  said 
to  be  for  100  trains  per  day,  with  coal  at  $12.00  per  ton. 

Upon  F  railway. 

Distance,  per  foot,  $9.00. 

For  reduction  of  one  degree  in  maximum  curve  per  section  of  two 
miles,  $2,000.00. 

For  reduction  of  curvature,  per  degree,  $50.00. 

For  reduction  of  maximum  grade  per  foot  per  mile,  on  divisions  of 
100  miles,  $2,500.00.  With  maximum  gradient  fixed,  reductions  else- 
where, as  above,  $600.00  per  foot  per  mile. 

Upon  Z  railway. 

Formulas  for  equation  of  curvature,  where  ?i  =  total  number  of 
degrees,   and  where  d  =  degree  of  curve. 


30  (10  -f  ]//t.  rf  )  =  value  of  entire  curve,  in  dollars. 
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These  will  serve  to  illustrate  different  approaches  towards  the 
truth. 

A  reduction  of  the  maximum  gradient,  to  compensate  for  curve 
resistance,  was  formerly  overlooked  upon  many  lines,  as  were  spiral  ap- 
proaches to  curves,  until  still  more  recently.  The  use  of  both  now 
prevails. 

As  to  grade  reduction,  practice  has  varied  as  follows: 

(1)  For  1°  curve  0.03  ft.  per  100  ft.,  increasing  to  0.05  for  a  3° 
curve. 

(2)  For  grades  up  to  0.7  per  cent.,  0.06  ft.  per  100  ft.;  for  grades 
from  0.7  per  cent,  to  1.4  per  cent.,  0.05  ft.  per  100  ft.;  for  grades  above 
1.4  per  cent.,  0.04  per  100  ft. 

(3)  For  maximum  grades  under  1.5  per  cent.,  0.05  ft.  per  100  ft. 

(4)  For  maximum  grades  up  to  4  per  cent.,  0.03  ft.  per  100  ft. 
Nos.  3  and  4  indicate  the  allowance  now   usual  for  prairie  and 

mountain  lines  respectively. 

Surveying  parties  number  from  twelve  to  sixteen  men,  including 
the  engineer  in  charge.  They  are  usually  composed  of  bright,  ener- 
getic and  aml^itious  youths,  who  work  from  dawn  until  dark,  and  accept 
their  rough  camp  life  and  untoward  hardships,  or  perilous  situations, 
with  great  good  humor  and  with  unquenchable  spirits. 

The  locating  engineer  must  be  untiring  in  his  diligence;  up  first  in 
the  morning,  and  often  working  hours  after  all  others  rest,  regardless  of 
poor  candle  light,  plaguing  insects,  and  other  ills  of  life.  He  scouts  the 
country  in  advance,  weighing  in  his  mind  the  various  assortments  of 
difficulties  to  be  overcome,  measures  with  his  eye  and  compares  horizon- 
tal and  vertical  distances,  and  directs  all  movements  of  his  party.  To 
attain  marked  success,  he  must  be  quick  and  accurate  in  judgment,  uu- 
fatiguing  in  exertion,  a  leader  of  his  men  in  all  situations,  commanding 
the  esteem  and  personal  allegiance  of  his  party,  and  an  excellent  judge 
of  country.  The  skill  acquired  by  some  in  the  last  particular  is  marvel- 
ous. Usually  the  locating  engineer  runs  the  first  line  from  a  summit 
down  hill,  supporting  an  imaginary  grade  line  by  eye  alone,  and  then 
corrects  this  line  in  projecting  the  line  of  continuous  survey.  In  an 
accustomed  country,  with  gradients  from  two  to  four  miles  in  length,  he 
should  rarely  misjudge  the  cut  or  fill  at  any  point  more  than  a  few  feet, 
and  many  times  corrections  are  unnecessary,  save  for  more  carefully 
considered  alignment. 

Fully  as  great  ability  is  required  in  the  rougher  prairie  land  as  in 
the  Rocky  IMountains,  as  the  limiting  elements  of  the  line  are  in  a  cor- 
responding ratio  with  the  difficulties  met,  and  the  calls  upon  judgment 
in  choosing  between  numerous  variations  of  alignment  are  far  greater 
on  the  prairies.  In  the  mountains,  the  gradient  contour  must  be  followed 
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(approximately)  from  top  to  bottom  by  purely  instrumental  methorls,  as 
any  slight  change  of  the  conditions,  such,  for  example,  as  the  minimum 
radius,  or  equation  for  curvature,  will,  within  a  few  miles,  change  the 
length  of  line,  and  consequently  the  elevation  of  grade  line,  sufHciently  to 
require  an  entirely  different  development.  The  process  is  here  mechanical, 
although  requiring  an  adjustment  of  line  to  inches,  in  lieu  of  feet,  in 
the  flatter  countries.  Much  of  the  mountain  practice  seemingly  indi- 
cates that  the  engineer's  formulas  and  study  were  directed  towards  elim- 
inating tangent.  The  minimum  radius  was  first  established  by  test  as 
to  the  sharpest  curve  the  locomotives  on  hand  could  crawl  around,  and 
the  gradients  were  established  by  the  average  fall  of  the  stream  followed, 
providing  the  locomotives  could  move  themselves,  plus  something,  there- 
on; and  the  first  cost  was  reduced  to  the  lowest,  regardless  of  curvature. 
This  may  appear  anything  but  skillful  engineering,  but  financiers  were 
rare  that  had  nerve  to  invest  in  schemes  considered  so  hazardous,  and 
dollars  had  to  be  expanded,  not  expended.  Without  skill  in  expanding 
dollars,  treasures  inconceivable  would  still  be  untouched.  The  cost  of 
location  per  mile  varies  extremely  with  the  obstructions  met  and  with 
the  skill  of  the  engineer  in  charge;  and  a  variation  of  100  per  cent,  in 
the  progress  made,  and  attributable  to  difference  of  skill  and  energy 
alone,  as  between  engineers,  is  not  unusual. 

In  undulating,  partly  timbered  countries,  4  miles  of  closely  laid 
preliminary  is  considered  a  good  average  daily  progress,  costing  some 
8  or  $10  per  mile.  In  open,  flat  countries,  good  work  may  be 
done  at  the  rate  of  1  to  Ij  miles  per  hour.  The  cost  of  final  location, 
including  the  preliminaries,  upon  the  particular  route  selected,  varies 
from  about  S40.00  per  mile  in  undulating  countries,  to  fully  $2,000  per 
mile  in  the  high  mountains. 

Where  slopes  are  easy,  contours  are  usually  sketched  by  the  hand 
level  and  pacing;  in  the  mountains,  by  aid  of  center  line  profile,  hand 
level  and  tape.  The  linked  chain  is  pretty  well  superseded  by  the  steel 
ribbon.  Alignment  work  is  occasionally  checked  by  reference  to  the 
meridian,  and  errors  of  a  few  minutes  are  ignored.  Levels  are  checked 
by  repetition,  and  a  variation  of  0.2  foot  in  any  one  mile  is  often  ignored, 
although  location  levels  are  usually  much  closer.  Skillful  instrument 
men  are  common,  but  extreme  accuracy  is  too  costly.  The  decimally 
divided  foot,  100-foot  stations,  designation  of  curves  b}-  central  angle  for 
chord  of  100  feet,  the  transit,  the  Avye  level,  non-inverting  lenses,  and 
self-reading  levelling  rods,  are  used  almost  universally.  Upon  location, 
the  station  elevations  are  often  taken  to  the  nearest  0.05  foot  ujwn  a  peg 
driven  at  the  exact  station  and  level  with  the  surface. 

Construction  is  usually  entered  upon  suddenly,  and  pushed  with  an 
energy  that  is  insatial)le  in   its  demands  for  viore  work  and   less  time. 
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The  engineer  that  has  the  start  of  a  well-considered  location  line,  before 
construction  begins,  is  very  fortunate.  Location,  construction  and  fin- 
ishing grade  stakes  may  all  be  urgently  demanded  of  an  engineer  in  a 
single  day's  work.  Even  when  the  chief  engineer  may  know,  for  days 
ahead,  that  construction  is  to  be  crowded,  he  is  liable  to  be  restrained 
from  the  slightest  mov'e  tow'ards  organizing  his  department,  or  from  indi- 
cating in  any  manner  a  possible  change  in  the  situation  until  the  time  is 
ripe.  Premature  publicity  would  often  be  a  great  misfortune,  and  very 
rarely  does  an  engineer  enjoy  the  felicity  of  well-matured  plans  com- 
pleted, and  earthwork  staked  out,  in  readiness  for  a  rush.  When  the 
time  comes  for  action,  then  is  the  good  metal  in  him  tested.  Presidents, 
superintendents,  purchasing  agents,  right-of-way  men,  contractors,  land 
owners,  village  delegations,  patent-right  men,  newspaper  men — and  who 
not? — all  heap  work  upon  him  in  avalanches,  or  clamor  for  information 
and  data  regarding  everything  which  their  fertile  brains  can  imagine 
may  some  time  be  wanted.  Everybody,  seemingly,  intends  to  saddle 
him  with  any  possible  delay  that  may  occur.  Meanwhile,  he  must 
gather,  it  maybe,  scores  of  assistants  from  hither  and  yon,  many  of  them 
strangers,  size  them  up  in  a  brief  interview,  assign  them  work,  furnish 
them  everything  needful  in  plans,  instructions,  etc.,  and  see  that  each 
takes  hold  of  his  portion  satisfactorily.  It  is  red  hot  Avork,  but  glori- 
ously exciting,  this  concentration  of  weeks  of  vivid  life  into  days  !  Were 
there  not  hosts  of  intelligent,  energetic,  honest  men,  trained  to  push  in 
any  gear,  loyal  to  the  company  that  pays  them  and  to  the  chief  that 
commands  their  respect,  the  organization  and  placing  of  a  force  upon 
some  hundreds  of  miles  in  a  fortnight,  under  such  circumstances,  would 
be  well  nigh  impossible.  The  organization  of  the  construction  corps 
varies  with  circumstances  and  with  personal  ideas.  A  large  undertaking 
is  usually  divided  into  portions  of  some  50  or  60  miles,  each  in  charge 
of  a  resident  engineer,  whose  charge  is  subdivided  into  divisions  of  a  few 
miles,  and  a  group  of  three  or  four  men  is  assigned  to  each,  under  his 
immediate  control.  The  chief  holds  the  resident  responsible  for  the 
proper  execution  of  the  work,  and  looks  to  him  for  constant  information 
as  to  details,  daily  reports  of  all  forces  employed,  monthly  estimates  and 
progress  profiles,  etc.,  as  well  as  advice  as  to  men  and  methods.  In  short, 
the  resident  engineer  carries  so  much  of  the  responsibility  as  his  chief 
sees  fit  to  intrust  to  him.  The  division  engineers  lay  out  the  work, 
make  all  measurements,  and  work  under  specific  orders  in  everything. 
The  chief  issues  all  plans  and  specifications,  signs  and  interprets  con- 
tracts, orders  nuiterials,  has  more  or  less  control  of  right-of-way  matters, 
makes  monthly  estimates  of  work  done  and  materials  furnished  ;  arbi- 
trates in  complaints  and  disputes,  numberless  and  annoying;  makes 
reports  upon  endless  matters,  spurs  everybody,  and  is  supposed  to  see 
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everything,  kuow  everytliing,  shoulder  all  mistakes,  auil  please  every- 
body. 

The  costof  superintendence  varies  almost  directly  with  the  number 
of  details  to  be  looked  after,  ranging  probably  between  $20  and  S50  per 
mile  per  month,  including  office  expenses  and  salary  of  special  corps  in 
charge  of  important  bridges,  etc. 

The  right-of-way  limits  are  generally  defined  by  lines  parallel  with 
the  center  line  and  at  a  given  distance  from  it.  A  strip  50  feet  wide 
upon  each  side  has  become  a  standard  width  in  most  of  the  Western 
states,  and  is  so  recognized  by  the  courts.  It  is  often  narrowed  to  ex- 
clude costly  property,  sometimes  at  great  future  cost.  In  such  cases  the 
chief  engineer  gives  the  narrowest  limits  jiracticable  for  present  use. 
He  also  calculates  the  extra  widths  necessary  on  account  of  the  nature 
of  the  work.  Condemnation  proceedings,  under  the  act  of  eminent 
domain  of  the  state,  for  public  use,  vary  in  the  several  states.  In  some 
of  them,  some  kinds  of  property  are  not  subject  to  condemnation. 
Usually,  good  reasons  for  acquiring  widths  above  the  standard  are 
required  in  such  proceedings,  which  give  only  an  easement  for  railroad 
purposes,  the  title  reverting  to  the  original  owner  upon  abandonment  of 
the  property.  Titles  in  "fee  simple"  are  acquired  only  by  private 
purchase,  are  not  generally  taken,  but  are  especially  preferable  in  towns 
and  cities,  and,  generally,  in  all  cases.  The  government  grants  a  strip 
200  feet  in  width  across  its  lands.  The  engineer  furnishes  the  right-of- 
way  department  with  maps  showing  all  lines  of  government  surveys, 
the  numbers  of  townships,  ranges,  and  sections,  divided  into  forty  (40) 
acre  tracts,  property  lines,  adjacent  improvements,  road-ways  and  the  re- 
quix'ed  right-of-way,  and  writes  descriptions  of  irregularly  shaped  pieces 
required.  Good  practice  fixes  all  right-of-way  corners  u|)on  lines  easily 
re-established  from  lines  of  government  or  city  surveys,  instead  of  at 
right  angles  to  the  center  line  opposite  some  station  of  the  original 
survey,  as  is  commonly  done.  It  also  acquires  isolated  bits  of  estate  in 
the  first  instance;  as  reasonably  convenient  access  to  all  property  and 
to  the  highway  is  every  man's  right,  regardless  of  cost  to  the  railway 
company.  No  contract  for  a  certain  kind  of  crossing,  or  other  unusual 
agreement,  should  be  made  without  the  consent  of  the  engineer. 

Contracts  are  usually  let  by  competition  between  invited  bidders. 
The  amount  of  work,  the  ability  of  contractors,  and  other  like  circum- 
stances, control  the  size  of  the  contracts.  Principal  contractors  are 
usually  men  of  integrity,  financial  standing,  immense  energy  and  execu- 
tive ability,  and  are  often  batter  practical  engineers  than  the  men  in 
charge.  They  usually  have  in  direct  control  sufficient  teams,  tools  and 
men,  to  execute  the  more  difficult  portions,  or  those  that  for  any  reason 
drag  behind,  with  an  expedition  that  is  at  once  an  example  and  a  warn- 
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ing  to  sub-contractors.  They  also  liave  a  large  contiugent  force  of  sub- 
contractors, boarding  bosses,  overseers,  etc.,  each  with  an  outfit,  small 
or  great,  and  each  more  or  less  expert  in  sj)ecia]  classes  of  work.  These 
men  habitually  live  in  tents  or  shanties,  constantly  moving  from  one 
work  to  another,  often  hundreds  of  miles  between,  with  fortunes  con- 
stantly varying,  but  with  a  marvelous  pluck  that  always  has  bright 
hopes  for  the  next  job.  To  their  energy  and  pluck  are  lai'gely  due  the 
many  great  achievements  in  their  line.  The  great  variety  of  soils,  with 
their  peculiarities  under  different  conditions  of  weather  and  relative 
position,  require  of  the  successful  railway  builder  a  large  fund  of  prac- 
tical information,  drawn  from  close  and  extensive  observation,  which 
cannot  be  acquired  except  by  experience. 

Western  contractors  lead  the  world  in  the  use  of  the  best  appli- 
ances for  the  work  in  hand,  and,  as  a  class,  deserve  great  honor  for  their 
achievements.  Single-track,  standard-gage  road-beds,  upon  embank- 
ments, are  usually  from  12  to  15  feet  in  width,  in  earth  excavations  from 
20  to  22  feet.  Embankment  sloj)es,  1  vertical  upon  1?  horizontal,  are 
almost  universally  used,  blindly  so,  for  high  fillings,  as  neither  sand  nor 
the  ordinary  soils  will  stand  at  this  slope.  Slopes  of  1  in  11  have  grassed 
over  permanently,  where  adjacent  slopes  of  1  in  1^  gave  much  trouble 
and  expense.  For  cuttings,  various  ratios  of  slopes  find  defenders.  In 
ordinary  clays  1  in  Ij  is  prevalent  on  new  work,  but  they  are  often  made 
steeper  to  save  time  or  from  mistakes  as  to  economy,  as  material  is  gen- 
erally removed  from  the  side  ditches  by  train  in  the  form  of  mud  until 
the  top  width  of  the  cutting  corresponds  to  that  given  by  slopes  of  1  in 
2,  or  flatter.  ^laterial  alongside  a  railway  assumes  flatter  slopes  than 
seem  natural  elsewhere. 

The  cost  of  earthwork  varies  considerably  with  surrounding  cir- 
cumstances. Grading  of  from  about  1  to  4  feet  in  depth  may  sometimes 
be  done  for  8  cents  per  cubic  yard.  The  prices  to  railway  compa- 
nies upon  large  contracts  range  from  12  to  18  cents  per  cubic  yard  for 
earth,  35  to  45  cents  for  loose  rock,  and  6o  to  95  cents  for  solid  rock. 
These  are  averages  for  the  greater  portion  of  the  work  done.  The  prices 
include  a  haul  of  from  200  to  500  feet,  where  necessary,  above  which  1 
cent  per  cubic  yard  per  100  feet  is  usually  paid  additionally.  This  is 
usually  calculated  upon  the  whole  number  of  cubic  yards,  multiplied  by 
the  distance  between  centers  of  gravity,  less  the  free  haul.  Elaborate 
methods  of  calculation  have  not  found  general  favor.  The  prismoidal 
formula  is  generally  applied  to  calculations  of  earthwork  by  means  of 
tables,  although  the  cross-sections  may  have  been  carelessly  taken,  and 
deductions,  on  account  of  rounding  slopes  or  narrow  widths,  may  be 
(/?(e.ssec?  at  the  same  time.  More  careful  measurements  of  contents,  and 
calculations  by  end  areas  alone,  are  practices  which  engineers  graduate 
into  by  experience. 
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An  allowance  of  from  one-twentieth  to  one-tenth  the  height  of 
scraper  fillings  is  a  common  allowance  for  settlement,  from  one-tenth  to 
one-eighth  for  wagon  work,  and  upon  wheelbarrow  and  grading-raaehine 
work,  all  one's  conscience  and  the  circumstances  will  permit.  These 
allowances  should  be  reduced  under  many  conditions  of  time  and 
weather  during  construction.  The  practice  of  measuring  in  excavation 
only  does  not  prevail.  The  usual  practice  is  to  calculate  center  line 
quantities  as  per  cross-sections,  and  the  major  quantity,  whether  in  exca- 
vation or  embankment,  is  paid  for. 

Classification  of  material  is  the  engineer's  bete  noire,  and  the  almost 
universal  bone  of  contention  between  contractors  and  engineers.  Some 
roads  have  thoroughly  tried  six  or  eight  classifications  in  a  vain  attempt 
to  eliminate  disagreements,  and  have  abandoned  them  for  three  only, 
viz. :  earth,  loose  rock,  solid  rock.  Definitions  of  these  materials  vary, 
but  vexation  of  spirit  is  the  shadow  that  always  follows  the  responsibility 
of  classification. 

Wooden  culverts  are,  of  necessity,  in  common  use,  and,  as  usually 
built,  are  consistent  with  good  (but  not  permanent)  construction.  Under 
low  embankments  with  ordinarily  good  construction  they  are  not  objec- 
tionable when  not  too  old,  and,  if  properly  cared  for,  they  never  fall 
down,  and  seldom  wash  out  if  nearly  large  enough.  Good  practice  fre- 
quently permits  their  use  under  heavy  embankments,  but  demands  suffi- 
cient size  to  permit  of  the  insertion  of  enough. iron  or  other  pipe  for  per- 
manent use.  This  may  require  as  much  timber  as  would  an  open 
trestle  for  the  same  place,  but  it  frequently  admits  of  depositing  large 
quantities  of  earth  in  permanent  embankments,  instead  of  wasting  it,  or 
it  may  prevent  delay.  Otherwise,  open  trestles  are  usually  preferred,  as 
being  cheaper  than  both  culvert  and  embankment,  and  as  admitting 
observation  as  to  the  necessary  waterway.  The  western  climate  is  as  yet 
untrained  to  habits  of  uniform  propriety.  Pipes  of  iron,  beton,  or  vitri- 
fied clay,  are  often  used  in  first  construction,  if  the  condition  of  trans- 
portation permits,  and  commonly  for  renewals.  Iron  ranks  as  first- 
class  work ;  the  others  may  also,  under  proper  conditions.  Iron  pipes, 
rejected  from  water-works'  service  for  minor  defects,  are  usually  good 
enough. 

Stone  culverts  are  usually  rectangular,  of  short  span, — from  2  to 
4  feet — single  or  double,  built  of  rubble,  either  dry  or  in  cement  mortar, 
with  flat  covering  stone,  sometimes  strengthened  by  the  insertion  of  old 
track  rails.  Dry  rubble  walls  are  generally  nearly  as  thick  as  they 
are  high,  and  require  better  stone  than  is  usually  found  at  reasonable 
cost.  When  laid  in  cemenr,  the  following  rule  gives  safe  dimensions, 
viz:  where  h  =  height  of  opening,  and  s  =  span  of  same. 
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Top  thickness  of  wall  at  end  in  feet  =^  1.5  +  ----~L_1 
1  4        ' 

batter  on  back  1  in  6.  uNIake  wall  at  mid  length  i  foot  thicker  for  each 
10  fieet  of  filling  over  culvert.  The  walls  are  heavy,  but  our  stone  is 
o-enerally  small,  and,  if  large  stone  is  procurable,  its  specification  would 
usually  increase  the  cost  more  than  the  additional  yards  required  for 
rubble  work.  The  cost  of  such  work  is  from  $3  to  $5  per  cubic  yard, 
depending  largely  upon  that  of  transportation.  There  are  thousands  of 
miles  without  a  stone  structure. 

Arched  culverts  of  ten  or  more  feet  span,  are  occasionally  used  iu 
permanent  work,  but  ordinarily,  proper  foundations  for  such  culverts 
are  very  costly,  and  streams  of  such  size  are  very  liable  to  carry  highway 
brido-es  and  other  large  drift  at  times,  and  this  rentiers  the  use  of  such 
culverts  of  questionable  wisdom.     The  formula  : 

1^  acreage""  =  area  of  opening, 
is  used  considerably  for  determining  the  necessary  waterway.  It  is  all 
riirht  for  the  majority  of  cases  in  the  flatter  countries,  but  may  give 
insufiicient  waterway  if  the  waters  collect  suddenly,  and  this  depends 
upon  the  more  or  less  uniform  length  of  the  several  head  branches,  the 
slopes,  etc. 

The  construction  of  timber  trestles  and  their  necessity  are  too 
obvious  to  require  dwelling  upon.  Formerly,  mortice-and-tenon  joints 
were  used  exclusively,  but  present  practice  is  advancing  to  the  use  of 
drift  bolts.  L'p  to  a  height  of  about  16  feet,  pile  trestles  are  preferred, 
the  height  being  usually  limited  by  the  quality  of  piles  procurable. 
Excepting  the  removal  of  the  bark,  piles  are  driven  in  natural  condition. 
Pile  drivers  usually  have  leads  of  about  40  feet,  and  the  hammers  weigh 
from  1,800  to  2,200  pounds.  Horse-power  is  generally  used.  Two  teams 
alternately  raise  the  hammer  by  pulling  straight  away  from  the  machine 
at  the  end  of  the  fall  rope.  The  usual  penetration,  in  upland  soils, 
is  from  12  to  15  feet.  The  pile  heads  are  usually  banded,  but  the 
practice  is  not  satisfactory.  Wrapping  with  telegraph  wire,  tightly 
drawn,  is  more  so,  but  the  cast-iron  follower  is  the  best.  It  closely  re- 
sembles the  hammer  in  weight  and  shape,  is  somewhat  concave  on  its 
lower  side,  and  holds  a  piece  of  the  pile  head  in  its  top,  upon  which  the 
hammer  falls.  Its  use  expedites  the  work,  and  effectually  prevents  the 
brooming  of  the  pile.  Good  piles  seldom  require  iron  shoes.  "When  they 
do,  iron  straps,  crossed  on  the  pile  tip  and  secured  to  the  sides  of  the 
pile,  are  best.  In  soils  filled  with  boulders,  a  dynamite  cartridge,  ex- 
ploded in  a  drill  hole  some  feet  deep,  where  the  pile  should  stand,  would 
usually  suffice  to  admit  of  sufficient  penetration,  when  it  would  be  impos- 
sible with  the  ground  in  its  natural  condition.  A  sharp  point  is  usually 
detrimental.     In  (piicksand,  the  water-jet  system  is  the  only  one  prov- 
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ing  successful  among  the  several  tried,  and  it  is  entirely  so.  In  using  it, 
the  settlement  of  the  pile  should  be  controlled,  preventing  the  weight 
from  resting  upon  the  pile  point  until  the  pile  is  deep  enough.  Constant 
inspection  of  pile-driving  can  rarely  be  dispensed  with.  Formulas  for 
the  bearing  power  of  piles  in  trestle  work  are  of  but  little  use.  The 
variation  in  the  adhesiveness  of  soils,  under  different  conditions  of  satu- 
ration and  as  affected  by  vil)ration,  renders  nice  calculations  futile  and 
absurd.  Good  practice  will  not  allow  the  punishment  of  good  timber, 
which  is  common  under  arbitrary  rules.  As  long  as  the  pile  goes  with- 
out marked  change  in  penetration,  or  punishment,  we  drive  it,  but  ordin- 
arily, if  the  penetration  of  a  good-sized  pile  gradually  decreases  to  about 
2  inches,  under  the  full  fall  of  the  hammer,  it  is  })ounded  enough.  In 
ordinary  upland  soils  the  depth  driven  should  be  about  14  feet,  in  deep 
alluvial  valley  soils  from  2  to  4  feet  deeper.  Probably  4  feet  additional 
depth  would  warrant  accepting  one  inch  less  penetration  under  the  last 
blow.  There  is  need  of  large  experience  and  excellent  judgment  in 
driving  piles.     They  are  seldom  straight,  or  of  uniform  size. 

Conditions  of  "  no  brooming,"  "  no  spring,"  etc,  theoretrically  re- 
quired, are  never  attained.  The  condition  of  the  soil  varies  largely  with 
the  season,  etc.  For  equal  energy,  the  blow  of  a  heavy  hammer  is  more 
effectual  than  that  of  a  light  one. 

Piles  will  at  times  settle  after  bearing  traffic  for  a  year  or  two,  while 
under  other  conditions  they  will  be  firm  when  but  slightly  pounded  in 
driving. 

The  usual  price  of  piles  lies  between  35  and  50  cents  per  lineal  foot 
of  length  as  billed.  Transportation,  and  the  distribution  and  size  of 
bridges,  largely  control  the  cost.  Framed  timber,  in  trestles,  is  paid  for 
per  1,000  feet  board  measure,  and  from  825.00  to  $35.00  per  1,000  feet 
are  ordinary  prices.  The  bolts,  washers,  etc., generally  cost  from  4  to  6 
cents  per  pound.  The  quantities  of  timber  and  iron  used  may  average 
about  as  follows,  as  the  memoi-andum  is  reduced  from  a  large  nuiuber 
of  bridges.     Spans  16  feet,  4  piles  to  the  bent  : 

Pile  bridges,  height  from  2  to  22  feet  (average  about  12  feet). 

Per  span.     Piling 105  lineal  feet. 

Framed  timber  .    .    .  2,038  feet  B.  M. 
"        "         Wrought  iron     .    .    .       107  poiuids. 
Cast             "        ...       153       " 

Single-deck  framed  trestles,  16  to  35  feet  high  (average  about  24 

feet). 

Per  span.     Piling 83  lineal  feet. 

"        '•         Framed  timber  .    .    .  3,286  feet  B.  M. 

"        "         Wrought  iron     ...  122  i)Ounds. 

Cast             "        ...  172     " 
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Two  and  three-decked  trestles  from  41  to  65  feet  high  (average 
about  48  feet). 

Per  span.     Piling 79  lineal  feet. 

"        "         Framed  timber  .    .    .   5,024  feet  B.  M. 
''        "         Wrought  iron    .    .    .       143  pounds. 
Cast  "        ...      268       " 

The  average  percentage  of  cost  was  : 

First  type.  Second  type.  Third  type. 

Piles 38  per  cent.  24  per  cent.  17  per  cent. 

Timber 51     "      "  GO     "      "  75     "      " 

Wrought  iron 5     "      "  5     "      "  4     "      " 

Cast  " 6     "      "  5     "      "  4     '<      " 

Average  cost  per  lineal  foot      .  $8.35  $=10.30  .?13.91. 

Average  prices  :  Piling,  48  cents;  timber,  $33.00;  wrought  iron, 
C)h  cents;  cast  iron,  5  cents. 

Bridge  work  is  generally  done  in  great  haste,  as  the  material  comes 
from  great  distances  and  over  the  newly-laid  track,  and  a  race  between 
the  bridge  men  and  the  track  layers  is  the  usual  programme.  Good 
management  and  first-rate  workmanship  are  here  especially  conspicuous 
when  they  occur.  To  secure  the  latter,  and  for  other  reasons,  timber  is 
not  usually  accepted  until  it  is  properly  placed  in  the  structure  and  the 
whole  structure  is  properly  completed.  For  several  reasons  large  mar- 
gins of  strength  are  provided. 

The  display  of  energetic  action  and  extravagantly  hasty  work 
often  culminates  in  the  track-laying.  Previous  delays  have  to  be  made 
up,  investors  thirst  for  income.  The  forces  employed  are  very  large, 
delays  are  costly,  and  no  single  imperfection  of  grade  seems  important 
enough  to  hold  the  track.  Grading  contractors  are  often  artful  in 
avoiding  the  finishing  touches.  Track-laying  bosses  are  adepts  in 
swelling  extra  bills  for  delays,  and,  as  a  class,  are  aggressive  crowders 
of  the  "small  fry"  in  their  way.  Narrow,  rough,  unditched  road-beds 
too  frequently  result,  and  costly  material,  easily  damaged,  is  hastily 
thrown  down  in  the  vicinity  where  it  belongs.  Cross-ties  are  taken  by 
the  construction  train  to  end  of  track,  tumbled  off  and  hauled  ahead  by 
teams.  A  long  line  is  stretched  4  feet,  or  workman's  boot-lengths,  from 
the  center,  and  the  ties  lined  thereby  at  one  end,  the  joint-ties  being  first 
spaced  by  measurement.  The  rails  and  fastenings  are  loaded  on  a  low, 
strongly  built  push-car,  with  rollers  at  each  corner,  and  this  is  hauled 
to  the  front  by  horses.  Men  i:tull  out  rails  at  each  side  at  the  same 
time,  and  drop  them.  They  are  held,  by  bars,  nearly  enough  to  gage, 
to  hold  the  iron  car  u]),  and  the  car  is  shoved  ahead  another  rail  length, 
fastenings  being  dropped  at  proper  intervals.     Joint-splicers  and  spikers 
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follow;  joints,  centers  and  quarters  are  first  spiked  to  gage — more  or  less 
carelessly;  the  expansion  joints  are  regulated  by  bits  of  wood  or  iron 
wedges,  and  their  regularity  is  immediately  destroyed  by  the  throwing 
of  the  track  to  line,  or  as  nearly  to  line  as  may  be  guessed,  after  the 
preceding  operations  have  knocked  out  the  engineers'  stakes.  Surfacers 
and  fillers  follow  the  liners.  The  best  material  that  is  extremely  handy 
is  filled  in,  and  often  the  destruction  of  the  track  promptly  begins  by 
drawing  spikes  to  raise  the  track,  etc.,  but  it  is  finally  yanked  into 
respectable  line  and  surface,  pronounced  splendid,  and  turned  over  to 
the  operating  department,  which  has  a  lively  wrestle  with  settling  banks, 
kinked  rails,  bad  gage,  mud  ballast,  etc.  Tn  this  work  each  man  has 
certain  motions  to  make,  and  progress  is  rapid,  and  this  fact  covers  a 
multitude  of  sins.  Records  of  over  eight  miles  per  day  during  daylight 
have  been  made.  Happily,  the  use  of  this  rough  process  is  becoming- 
rare,  as  extensions  are  more  deliberately  constructed  by  large  systems 
that  propose  to  operate  them,  and  as  track  is  laid  by  company  foremen,, 
instead  of  by  contract  per  mile.  Still,  these  foremen  are  judged  rather 
by  the  daily  progress  made  than  by  the  maintenance  expenses  following, 
and  nicety  is  not  indulged  in  to  great  extent.  Track-laying  machines,, 
by  which  all  the  material  is  drawn  from  the  front  end  of  the  front  car 
of  the  construction  train  are  used  to  some  extent.  The  front  car  is 
pushed  onto  the  last  rail  length  laid,  as  soon  as  it  is  partially  spiked. 
Their  use  does  not  allow  of  surfacing  before  the  locomotive  passes  over 
the  track,  and  usually  only  part  of  the  ties  are  first  put  in  place.  The 
machines  are  extolled,  or  deprecated,  in  various  degrees.  AVith  them 
progress  is  limited  to  about  three  miles  per  day.  Contract  prices  for 
track-laying,  filling  and  surfiiciug  (the  track  material  being  provided  in 
material  yards),  ranges  from  about  $325  to  about  S50()  per  mile. 
Probably  S300  per  mile  will  about  cover  the  actual  cost  of  labor  in  a 
force  laying  two  miles  per  day  in  open  couutiy. 

From  this  outline  of  professional  practice  in  the  front  ranks  of 
scores  of  millions  of  struggling  founders  of  a  new  civilization,  preparing 
for  them  a  way,  do  you  gather  that  our  ways  are  crude  and  our  practice 
rude?  They  are  not  more  so  than  the  dictates  of  uncontrollable  cir- 
cumstances compel.  Kid  gloves  and  hair-splitting  niceties  have  been 
eliminated, 'tis  true,  but  brains  and  untiring  energy  and  physical  powers 
have  won  the  race.  In  the  mighty  rush  of  events  which  constitutes  our 
domestic  history,  the  coming  of  the  railway  engineer  has  been  the  first 
omen  of  the  incoming  tides  of  peojjle,  the  first  signal  that  a  new  channel 
for  the  bounding  pulses  of  a  young  athletic  nation  was  to  be  carved. 
His  indomitable  enei'gy  has  made  easy  of  access  boundless  treasures  of 
wealth,  locked  in  solitude  since  time  began.  Before  him  traditional 
deserts  have  vani.-shed  and  bountiful  harvests  have  f>llo\ved  closely 
33 


346  ASSOCIATION  OP^  ENGINEERING  SOCIETIES. 

behind.  From  his  footprints  bright  visions  of  fond  hopes  realized  have 
ever  l)hjssome<l.  New-found  homes  for  eager  multitudes  have  sprung 
into  beauty  along  his  ])ath,  and  eager  thousands  have  quickly  clustered 
around  tlie  centers  which  his  keen  foresight  has  first  discerned  and 
marked. 

Nor  has  his  pace  been  slow  I  Eight  times  in  a  century  would  it 
tame  a  wilderness  of  the  combined  areas  of  Great  Britain,  Ireland, 
France,  Switzerland,  Austria,  Prussia,  Spain,  Portugal,  Italy  and  Egypt. 
The  swiftest  denizens  of  our  plains  have  been  surrounded,  and  fields  of 
grain  have  hidden  the  trail  of  the  savage  before  he  found  a  refuge. 
The  restless,  wiry  "  peg  sticker"  of  our  times  has  been  a  "potent  simple" 
in  the  magical  charm  which  has  won  the  world's  brightest  land  of 
promise  from  an  obscurity  as  deep  as  time  has  been  long.  He  has  been 
here!  he  is  gone,  and  is  well  nigh  forgotten,  but  Chicago  and  scores  of 
fair  cities  and  immense  regions  filled  with  homes  of  comfort,  bedeck  his 
pioneer  way. 
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OX  THE   BEST  ARRANGEMENT  OF   liOXGITUDIXAIi 
BRACI>  G  FOR  TIMBER  TRESTLES. 


By  M.  E.  Yeatmax,  Member  of  the  Association  of  Engineers  of 

Virginia. 


[Read  November  10,  1894.-] 

Figs.  1  and  2  show  the  standard  form  of  timber  trestle  work  in  use 
by  the  Norfolk  and  Western  Railroad.  In  its  general  features  this 
standard  has  been  in  use  for  many  years,  but  it  has  been  subject  to  such 
modifications  as  have  been  found  desirable  from  time  to  time,  either  in 
the  way  of  increasing  the  strength  to  correspond  with  the  gi-adually 
increased  weights  of  rolling  stock,  or  of  making  such  changes  of  detail 
as  the  practical  experienceoftho.se  concerned  with  the  maintenance  and 
renewal  of  these  structures  has  suggested  as  likely  to  increase  their  dura- 
bility or  facilitate  the  necessary  renewals.  Under  the  first  head,  the 
size  of  the  stringers,  spur  braces  and  longitudinals  has  been  increased  ; 
under  the  last,  the  divided  sill  of  two  pieces,  6x12,  instead  of  one  12x12, 
has  been  adopted,  as  these  can  be  replaced  without  the  necessity  of 
either  cutting  off  the  tenons  on  the  posts  or  raising  the  trestle  bodily 
the  depth  of  these  tenons,  as  must  be  done  with  posts  mortised  into  a 
solid  sill. 

Among  such  suggestions  for  improvement  one  has  been  received 
relating  to  the  arrangment  of  the  longitudinal  bracing,  and  proposing  to 
place  this  upon  the  outside  line  of  inclined  or  batter  posts,  rather  than 
upon  the  second  line  from  the  outside,  as  shown  by  the  present  plan.  The 
present  paper  embodies  an  attempt  to  determine,  from  theoretical  con- 
siderations, whether  such  a  change  would  be  an  improvement  or  the 
reverse. 

Let  us  for  a  moment  trace  the  functions  of  the  different  members 
of  the  structure  : 

The  vertical  posts  carry  the  loads,  and  the  stringers  are  propor- 
tioned to  the  bending  action  of  loads  supported  between  the  posts.  These 
parts  are  essential  in  all  cases.  Then,  to  resist  the  transvere  action  of 
wind,  or  of  centrifugal  force  on  a  curve,  we  have  the  inclined  or  batter 
posts,  and  these,  with  the  caps  and  sills  to  hold  them  together,  form  all 
that  is  absolutely  necessary  in  trestles  of  small  height.  It  is  usual,  how- 
ever, in  all  but  very  low  trestles,  to  add  face  bracing  or  X  bracing  on 
each  bent  to  secure  the  trestles  from  rocking  sideways  in  the  mortises  as 
they  would  otherwise  be  liable  to  do,  owing  to  the  small  inclination  of 
the  batter  posts ;  and  also  to  provide  longitudinal  bracing  to  resist  the 

*  Manuscript  received  April  17,  1895. — Secretanj,  Ass'n  of  Eng.  Socs. 
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longitudinal  force  ari^iug  from  the  acceleration  or  retardation  of  trains 
on  the  trestle,  for  which  we  should  otherwise  have  to  depend  ou  the  con- 
tinuity of  the  stringers,  and  on  the  end  sill  as  an  anchorage.  As  this 
end  sill  merely  rests  ou  the  bank  and  has  no  great  weight  on  it,  such 
longitudinal  bracing  is  generally  required,  but  its  function,  in  single- 
story  trestles,  is  merely  to  keep  the  bents  upright,  and  it  does  not  seem 
to  be  a  matter  of  much  moment  whether  it  be  attached  to  the  vertical 
or  to  the  inclined  posts,  since  the  point  which  it  will  secure  at  the  top  of 
the  trestle  is  nearly  the  same  in  either  case.  On  the  whole,  as  the  ver- 
tical posts  may  be  supposed  to  carry  the  heaviest  load,  they  probably 
afford  the  best  fixed  point  at  the  bottom  from  Avhich  to  brace;  and  the 
braces  will  be  also  of  slightly  less  length  if  used  in  the  vertical  plane ; 
but  this  latter  difference  is  very  small. 

When  we  come  to  consider  trestles  of  a  much  greater  height,  an 
entirely  new  set  of  circumstances  arises,  for  now  the  vertical  and 
inclined  legs  are  too  long  to  be  cut  from  single  timbers,  and,  if  so  cut, 
they  would  be  deficient  in  rigidity,  under  compression,  unless  greatly 
increased  in  cross-section.  They  are  therefore  made  in  lengths  of  from 
20  to  25  feet,  abutting  against  one  another,  but  practically  offering  the 
conditions  of  two  or  more  rigid  pieces  connected  by  joints  hiuged  in  all 
directions.  It  therefore  becomes  necessary,  for  stability,  that  each  joint 
be  fixed  in  place,  this  condition  being  secured  if  the  joint  be  held  firmly 
against  motion  in  two  directions  at  right  angles  to  one  another.  This 
must  be  effected  by  proper  systems  of  transverse  and  longitudinal 
bracing. 

The  transverse  bracing  is  comparatively  simple,  since  it  is  neces- 
sarily applied  to  every  bent  and  in  each  story.  It  must  not  have  so 
steep  an  angle  as  to  become  ineffective,  and  it  is  for  this  reason  that  the 
top  story  is  limited  to  20  feet  in  height  instead  of  25,  and  when,  in  the 
lower  stories,  a  single  brace  would  become  inconveniently  long,  two  or 
more  are  used.  It  is  immaterial  to  which  particular  points  at  the  top 
of  each  story  the  bracing  is  carried,  for,  when  any  one  or  more  points 
are  duly  fixed,  the  intermediate  caps  or  horizontal  walings  afford  a 
secure  brace  against  any  transverse  motion  of  the  remaining  points. 

The  circumstances  of  the  longitudinal  bracing  are  different,  for,  in 
order  to  secure  a  similar  fixing  of  every  point  against  longitudinal 
niDtion,  it  would  be  necessary  to  apply  bracing  to  every  set  of  posts  just 
as  transversely  it  is  applied  to  every  bent.  Tliis  would  involve  the  use 
of  a  great  number  of  long  and  heavy  timbers,  and  it  is  not  necessary  ; 
for  if  we  fix  a  certain  number  of  the  points  in  each  story,  we  can  still 
rely  on  the  intermediate  caps  to  keep  the  others  approximately  in  place. 
I  say  only  approximately,  for  we  are  now  depending  on  the  stiffness  of 
the  transverse  pieces  against  bending,  and  this  is  a  different  matter 
from  their  effectiveness  as  direct  struts  or  ties. 


LONGITUDINAL  BRACLXG  FOR  TIMBER  TRESTLES.  349 

In  the  one  case  we  have  their  length  practically  unchangeable:  in 
the  other,  not  only  a  quite  appreciable  yielding  to  any  external  bending 
forces,  but  their  liability  to  assume,  by  spontaneous  warping,  a  curvature 
sufficient  to  throw  the  unbraced  points  visibly  out  of  line.  Granting 
then  that  some  of  the  posts  in  each  story  must  be  left  unbraced,  and 
thereby  liable  to  get  slightly  out  of  line,  the  practical  question  is  :  which 
of  the  posts  can  be  so  left  with  the  least  damaging  results? 

The  plumb  posts,  as  carrying  the  direct  weight  of  the  trains,  are 
the  most  important,  and  it  is  assumed  that  bracing  will  be  applied  to 
them  ;  but  this  alone  is  not  sufficient  for  (1)  although  these  two  points 
be  absolutely  held  in  place,  the  others,  in  the  same  bent  and  at  the  same 
story,  may  be  considerably  thrown  out  by  curvature  of  the  intermediate 
caps  (see  Fig.  3)  ;  and  (2)  in  a  high  trestle  the  distance  between  the 
two  plumb  posts  is  so  small,  as  compared  with  the  whole  width,  that  a 
very  minute  displacement  of  either  of  these  will  cause  (even  without 
any  curvature)  a  serious  displacement  of  the  outer  posts  unless  some  of 
these  are  separately  braced  (Fig.  4). 

The  present  practice  is  to  brace  also  the  second  line  of  batter  posts, 
thus  fixing  the  points  0,  O"  and  Q,  Q^  (Fig.  5)  and  leaving  P,  P'  and 
R,  R}  liable  to  slight  displacement. 

The  suggested  change  would  be  to  transfer  the  bracing  from  Q  and 
Q^  to  the  outermost  posts,  thus  fixing  the  points  A*,  R\  as  well  as  O,  0\ 
and  leaving  liable  to  slight  displacement  P,  P'  and  Q,  Q^  (Fig.  6).  To 
compare  the  displacement,  we  will  call  the  lengths  OP,  PQ,  Q R,  x,  a 
and  h  respectively.  Of  these,  a  and  h  are  constant,  while  x  varies  with 
the  height  of  the  trestle  above  the  story  considered. 

Now  assume  Case  1  (Fig.  5)  in  which  the  points  0  and  Q,  in  one 
half  of  any  given  intermediate  cap,  are  fixed,  and  let  the  displacements 
of  P  and  R  be  called  p,  and  r, ;  and  Case  2  (Fig.  6)  in  which  0  and  R 
are  fixed,  and  let  the  displacements  of  P  and  Q  be  called  jh  and  q.^.  In 
either  case  the  amounts  of  these  displacements  are  to  be  limited  by  an 
assumed  maximum  curvature  whose  radius  is  C.  Then  we  have 
(approximately,  so  long  as  the  radius  C  is  large) 

Case  2  (Fig.  6). 


Case  1 

(t^ig. 

5). 

Ih  ^ 

a  X 
2C' 

h  (a 

+  h  + 

x) 

1  I     

2C 

92 


(a  -\-  b)  x 
(a  +  x)  b 


P^=        2C 


2C 


Now,  since  all  these  quantities  are  taken  as  positive,;;,,  is  always  >  ;)i 
and  r,  >  q,.      Also,  p,  >  r^  if  (a  +  6)  x  >  6  (a  +  6  +  x),  if  ax  > 


(a-\-b)  6,  or  if  a;  >  (a  +  b)  A 
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This,  then,  is  the  condition  -which  must  be  fulfilled  in  order  that 
the  proposed  arrangement  may  allow  a  greater  displacement  at  any  one 
point  than  the  present  one,  and  it  depends  on  the  height  of  the  trestle 
above  the  line  of  caps  under  consideration ;  for  (calling  this  height 
H.)  the  lengths  a  and  b  are  constant  (=^  62  inches  and  50  inches  respec- 
tively in  the  plan  shown)  and  x  is  =   '    H —  105   inches  (the  batter  of 

the  posts  being  2j  inches  to  1  foot). 
This  makes  the  above  condition 

».,  >>  r,  if  a;  >>      ^7^—-—   =  "^TTT-   =  about  90  inches 
D/  ol 

or  I  H— 105  >  90  inches,  or  H>  "."*  X  195  inches  or  >  78  feet. 

Thus,  for  all  cases  in  which  H  <^  7S  feet,  including  all  trestles  of 
four  stories  or  less,  the  proposed  change  would  be  an  improvement,  as 
judged  by  the  criterion  of  the  smallest  displacement  of  the  most 
unfavorable  point. 

"We  can,  however,  go  a  little  further,  and  consider,  not  simply  the 
relative  amounts  of  such  displacements  due  to  a  given  amount  of  warp- 
ing of  the  timbers,  but  the  results  thereof.  For,  as  soon  as  any  given 
joint  is  thrown  out  of  line,  there  results  a  tendency  to  be  forced  further 
out,  a  tendency  proportional  to  the  amount  of  such  initial  displacement 
and  also  to  the  compressive  strain  on  the  leg  in  question.  The  horizontal 
resultants  produce  bending  moments  on  the  horizontal  caps,  and  the 
relative  amounts  of  these  moments  measure  the  relative  danger  of 
collapse  in  given  cases. 

Now  the  maximum  sideways  bending  moment  in  Case  1  may  occur 
either  at  Q  or  at  P;  and,  if  we  put  P,  Q  and  B  for  the  vertical  loads  at 
these  points,  these  moments  may  be  expressed  by 

Mq  =  k  Br^  b  =  k'K  ¥  (rt  -^  6  +  x) 

and  Mp  =  k  Br,  b  -^ \-  K  Pp    ",- 

^  a  +  .1-    '  ^   a-\-x 

=  -^  (B  b'  X  ((t  +  6  +  •^•)  +  P  «'  -c') 
a-\-  X 

in  which  k  is  a  factor  common  to  both  expressions  and  depending  on  the 
assumed  limiting  curvature  and  on  the  length  of  the  posts  in  each  story, 

and  k^  =  f.  y  ,• 

The  values  of  Pand  of  P  cannot  be  exactly  determined,  since  we  have 
no  means  of  finding  the  exact  distribution  of  the  load  between  the 
different  posts,  but  it  is  reasonable  to  assume  that  the  loads  are  pro- 
portional to  the  sectional  areas  of  the  posts,  or  as  10  :  12. 

Assuming  this,  and  using  the  values  given  above  for  a,  b  and  .r,  we 
find  that  Mq  or  Mj}  is  greater  according  as  H  is  Jess  or  greater  than  83  feet- 
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This  shows  us  where  to  find  the  most  unfavorable  point  in  Case  L  In 
Case  2,  for  all  trestles  of  considerable  height,  the  point  Pwill  be  the  most 
unfavorable,  and  the  corresponding  moment  M,  will  be  expressed  by 


'    a+  0  +  X  ' "     a  +  6  4- .1 


X 


4-  &  +  -r  ''    a  +  6  4-  .r-       a  +  x 


|P.  (a  +  /*)V+  Q.(a  +  x)b' 


k' 

- -;      P     („   J^  h\   -r-   _L     n      (u    _L     ,-\    h  -    r 


Inserting  the  values  of  a,  b  and  x,  and  making  similar  assumptions 
as  to  the  values  of  P  and  Q,  we  find,  on  comparing  3L  with  Mq,  that  M, 
is  the  less  so  long  as  if  •<  80  feet,  but  that,  when  H  >•  SO  feet,  31 ,  be- 
comes greater  than  Mq,  and  that,  as  3fp  does  not  become  greater  than 
3Iq  until  -ff  >  83,  Q  is  in  Case  1  the  critical  point  with  which  to  make 
the  comparison. 

Our  conclusion  is,  therefore,  that  for  trestles  in  which  H.  >  80  feet, 
the  proposed  change  would  be  an  improvement,  a  result  slightly  more 
favorable  to  the  change  than  our  previous  one,  based  on  the  displace- 
ments alone. 

Now,  in  standard  four-story  trestles,  ii^=70for  the  lowest  line  of 
intermediate  caps  (that  is  the  height  of  the  three  upper  stories  is  70 
feet,  the  bottom  story  being  variable),  and  for  all  such  trestles  the  change 
is  shown  to  be  an  improvement. 

For  trestles  of  five  stories,  if  would  be  95  feet  from  the  top  of  the 
bottom  story,  and  in  this  case  the  change  would  be  for  the  worse,  so  far 
as  the  bottom  story  is  concerned,  although  for  the  better  as  regards  the 
upper  stories.  But,  of  course,  the  bracing  must  be  carried  continuously 
down  to  the  ground  on  any  line  of  posts  which  is  braced  in  the  upper 
stories. 

The  following  plan  is  therefore  suggested  for  all  trestles  of  two  or 
more  stories  :  Apply  longitudinal  bracing  to  the  plumb  posts  and  to  the 
outside  batter  posts;  and,  in  trestles  of  five  or  more  stories,  use,  in  addi- 
tion, a  set  of  bracing  on  the  innermost  batter  posts  of  all  stories  below 
the  fourth  from  the  top. 

This  makes  an  improvement,  at  no  additional  expense,  in  trestles  of 
two,  three,  or  four  stories,  and,  in  trestles  of  five  or  more  stories,  it  makes 
a  great  improvement  in  the  lower  stories  (which  are  the  most  severely 
strained)  by  the  addition  of  a  set  of  longitudinal  braces  in  one  story  of 
five-story  trestles  and  in  two  of  the  stories  of  six-story  trestles,  and  so  on> 
if  any  of  still  more  formidable  height  than  150  feet  should  be  constructed. 

The  timber,  in  a  trestle  120  feet  high,  would,  by  this  change,  be  in- 
creased from  829  feet  B.  M.per  lineal  foot  to  849  feet ;  and,  in  a  trestle 
150  feet  high,  from  1059  feet  B.  M.  per  lineal  foot  to  1099  feet,  an  in- 
crease of  2.4  and  3.8  per  cent,  respectively. 
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This  discussion  encounters  two  serious  difficulties  at  the  start : 
First,  the  definition  of  technical  education  ;  second,  the  definition  of 
liberal  education. 

I.  Etymologically,  "technical"  ought  to  include  all  arts  as  opposed 
to  all  sciences.  But  we  all  know  that,  beyond  vague  general  sugges- 
tions, etymology  is  a  very  poor  guide  to  exact  meaning. 

The  Greek  word  techne  suggests  too  much  on  the  one  hand  and  too 
little  on  the  other.  In  the  first  place,  we  must  omit  all  linguistic  arts. 
Then,  the  trades  are  not  "technical,"  as  the  word  is  used  in  this  report. 
Iron-workers,  wood-workers,  cloth- workers,  stone-cutters,  leather-  workers, 
glass- workers,  and  the  like  are  not  technical  people. 

"Technical"  education  always  involves  the  application  of  the  exact 
sciences  to  the  arts  of  life,  and  every  technical  study  needs  the  use  ot 
the  higher  mathematics,  the  principles  of  physics  and  mechanics  and 
the  aid  of  exact  drawings.  Thus,  technical  education  belongs  to  the 
liigher  education.  However,  the  fine  arts  of  painting  and  sculpture  are 
not  usually  included  in  technical  education,  though  they  lie  very  close 
to  it,  since  they  make  careful  study  of  form  and  of  its  representation, 
under  the  general  heads  of  orthographic,  isometric  and  perspective 
drawing.  While  technical  education  includes  organic  and  inorganic 
chemistry,  it  does  not  include  the  preparation  of  drugs.  It  includes  the 
general  theories  of  ventilation  and  sanitation,  but  does  not  include  the 
arts  of  nursing  and  healing.  The  arts  of  war  on  land  and  sea  are  highly 
technical,  but  in  the  United  States  these  arts  are  taught  by  the  general 
government  exclusively,  at  Annapolis  and  West  Point,  so  that  they  may 
be  omitted  from  this  discussion.  None  of  us  thinks  of  a  naval  or  a 
military  school  when  "technical  "  education  is  mentioned. 

It  thus  appears  that  technical  education  is  limited  to  substantially 
the  following  arts: 

(1)  Civil  engineering,  which  deals  with  the  construction  of  roads, 
streets  and  bridges;  with  geodesy,  i.  e.,  the  measurement  of  land  and 
the  making  of  maps;  the  construction  of  canals;  the  improvement  of 
rivers  and  harbors;  the  building  of  dams,  waterworks,  reservoirs,  sewers, 
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(likes,  etc.  This  range  is  so  vast  and  comprehensive  tliat  it  has  been 
subdivided  many  times,  and  one  hears  of  hydraulic  engineering,  sani- 
tary engineering,  bridge  engineering,  geodetic  engineering  and  of  rail- 
road enti-ineering.  The  content  of  engineering  is  constantly  increasing, 
as  the  exact  methods  of  science  replace  the  wasteful  and  clumsy  methods 
of  tradition. 

(2)  Mechanical  engineering,  which  deals  with  the  construction  and 
erection  of  prime  movers,  such  as  water  wheels  of  all  kinds  ;  steam,  air 
and  gas  engines  and  windmills.  Next,  the  immediate  connections  of 
these,  such  as  pumps,  fly-wheels,  shafting,  saw'-mills,  flour  mills,  rolling 
mills,  elevators,  hoists,  furnaces,  machines,  and  tools  of  all  kinds,  sizes 
and  uses. 

It  is  evident  that  the  scope  of  mechanical  engineering  has  widened 
rapidly  ever  since  it  adopted  scientific  methods  and  took  on  the  dignity 
of  a  profession.  People  generally  have  a  very  inadequate  notion  of  the 
functions  of  a  mechanical  engineer.  To  be  sure,  he  knows  the  theory 
and  uses  of  tools  and  the  properties  of  materials,  just  as  the  graduate 
at  West  Point  knows  by  actual  practice  how  to  handle  a  musket,  how 
to  pitch  a  tent,  how  to  load  a  field  piece  and  how  to  keep  a  camp  clean  ; 
but  when  he  is  in  the  practice  of  his  profession  it  is  his  function,  as  it  is 
the  function  of  an  army  oflScer,  to  plan  and  calculate,  and  to  direct 
men.  When  the  civil  engineer.  Monsieur  Eifel,  built  his  famous  tower, 
does  any  one  suppose  that  he  put  his  hand  to  a  single  bar  of  steel  as  it 
entered  into  that  elegant  structure,  which  was  as  exactly  calculated  as 
are  the  motions  of  the  moon?  When  Engineer  Ferris  erected  his 
monster  wheel,  does  any  one  suppose  that  he  struck  a  single  blow  or 
lifted  a  single  ounce  of  it  with  his  own  hand? 

Please  do  not  suppose  that  I  am  saying  this  for  the  purpose  of 
showing  how  genteel  a  profession  engineering  is.  I  am  concerned  only 
with  correctness  of  definition.  A  mechanical  engineer  is  not  an  engine 
driver  nor  a  machinist;  any  more  than  a  city  superintendent  is  a  class- 
room teacher.  An  engineer,  if  properly  trained,  could  "  run  "  the  engine, 
or  handle  a  tool,  as  the  superintendent  could  conduct  a  recitation,  and 
do  it  extremely  well,  too,  if  there  should  be  occasion,  but  that  is  not  Lis 
business. 

I  hardly  need  add  that  there  are  many  excellent  workmen  who  are 
anxious  to  be  considered  engineers,  in  the  sense  in  which  I  use  the  term, 
as  a  product  of  technical  engineering  education,  but  who  lack  the  broad 
training  which  is  strictly  essential  to  such  consideration. 

(3)  Electrical  engineering,  which  includes  the  theory,  science  and 
art  of  construction,  erection  and  maintenance  of  all  the  devices  of 
dynamic  electricity — generators,  motors  and  the  means  of  electrical 
transmission.     This  is  the  youngest  of  all  the  technical  professions,  and 
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yet  it  is  one  of  the  most  difficult.  The  problems  involved  are  among 
the  most  profound  and  intricate.  Though  dealing  only  with  one  form 
of  energy,  it  already  covers  an  immense  field,  and  its  boundary  is 
receding  rapidly  on  all  sides.  As  you  well  know,  there  is  an  army  of 
electrical  workers,  but  the  number  of  thoroughly  trained  electrical 
engineers  is  small.  I  doubt  if  tliere  are  500  in  the  United  States.  The 
need  of  them  is  very  great,  for  a  great  deal  of  our  electrical  work  is 
very  wasteful. 

(4)  Architecture,  which  includes  the  design  and  erection  of  build- 
ings for  all  sorts  of  uses  and  of  all  sorts  of  materials.  This  is  the  oldest 
of  the  technical  professions,  but  its  modern  developments  make  it  almost 
new.  So  long  as  stone  was  the  chief  material  used  in  buildings,  and 
only  churches  and  palaces  were  supposed  to  have  any  architecture,  the 
problems  of  the  architect  were  those  of  masonry  and  surface  ornament ; 
it  was  a  question  of  columns,  capitals,  entablatures  and  arches.  Modern 
architecture  constructs  with  steel  pillars,  steel  girders, steel  trusses;  and, 
though  surface  decoration  (often  of  the  most  illogical  sort)  is  introduced, 
the  skill  of  the  designer  is  largely  spent  on  the  details  of  plumbing,  heat- 
ing, ventilating,  lighting  and  gi'ouping.  We  insist  to-day  on  having 
what  the  private  citizens  of  Athens  and  Rome  never  had,  homes  of  grace, 
comfort  and  convenience.  The  introduction  of  steel  and  glass  and  hoist- 
ing machinery  demands  new  styles,  new  orders.  The  great  need  of 
architecture  to-day  is  freedom.  It  must  be  liberated,  set  free,  from  the 
slavery  of  styles  which  were  appropriate  only  to  stone.  We  see  the  effects 
of  this  bondage  in  such  incongruities  as  iron  pillars  that  pretend  to  be 
blocks  of  stone,  and  a  rigid  frame  of  steel  with  a  veneering  of  brick. 

The  coming  architect  of  steel  must  be  near  at  hand.  Harvard 
recently  gave  an  honorary  degree  to  the  man  who  designed  the  Masonic 
Temple  of  Chicago. 

(5)  Chemical  engineering,  which  includes  the  departments  of 
metallurgy,  gas,  the  occurrence  and  the  treatment  of  oi'es,  minerals  and 
clays,  and  the  production  of  valuable  compounds.  It  Is  evident  that  the 
chemical  engineer  is  a  factor  of  growing  importance  in  every  highly 
developed  community.  The  energy,  which  appears  under  the  two  closely 
related  forms  of  light  and  heat,  is  the  special  form  which  the  chemical 
engineer  employs,  as  the  alchemist  of  old  would  have  used  the  philoso- 
pher's stone,  to  transmute  dross  to  gold.  With  these  magic  wands  he 
nnlocks  thesecret  store  of  nature  and  increases  the  riches  of  the  common- 
wealth. 

It  is  evident  that  these  various  branchesof  engineering  overlap  each 
other  at  many  points;  for  they  form,  not  isolated  areas,  but  the  con- 
tinuous and  ever  enlarging  circle  which  bounds  the  domain  of  science 
and  marks  the  conquest  of  human  intelligence  over  the  arcana  of  the 
material  world — the  victory  of  the  known  over  the  unknown. 
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There  are  other  arts,  like  those  of  agriculture  and  horticulture,  which, 
while  embraced  under  the  general  terra  of  biology,  rest  more  or  less 
upon  the  exact  sciences,  and  hence  admit  of  systematic  presentation. 
They  belong  to  the  ground  common  to  mechanical  and  chemical  engin- 
eering. Farming  is  getting  to  be  largely  a  matter  of  machinery,  and  the 
problems  of  soil,  climate  and  plant  culture  are  those  of  chemistry.  The 
agricultural  engineer  has  not  yet  been  born.  Farming  is  not  yet  a 
profession.  It  is  rather  a  trade,  with  a  maximum  of  art  and  labor  and 
a  minimum  of  science. 

Again,  usage  puts  into  technical  education  far  more  than  mere  art, 
for  every  technical  profession,  properly  so-called,  is  both  a  science  and 
an  art.  Hence,  all  pure  science  is  tributary  to  technical  education,  though, 
of  course,  not  equally  to  all  branches.  A  technical  school  is,  first, 
scientific;  and  secondly,  professional.  The  relation  of  applied  science 
to  pure  science  may  be  illustrated  by  the  relation  of  Greek  and  Latin 
literature  to  the  study  of  Greek  and  Latin  Grammars.  The  eminent 
value  of  one  is  that  it  leads  to  the  other.  The  Roman  soldier  w'as  trained 
in  the  use  of  the  spear,  the  shield  and  the  short  sword  because  he  was 
expected  to  use  them ;  the  modern  soldier  expects  to  use  repeating  rifles 
and  Gatling  guns,  and  he  is  trained  accordingly.  Technical  education 
is  equally  logical. 

Finally,  a  "  technical"  course  of  study  includes  a  great  deal  that  is 
not  technical  at  all,  but  which  nevertheless  must  be  taken  into  account 
when  speaking  of  technical  education. 

Take,  for  instance,  the  technical  courses  in  the  Science  of  Engineer- 
ing in  Washington  University.  They  are  invariably  four  years  long 
with  a  possible  fifth,  or  graduate  year.  Freshmen  enter  with  a  knowledge 
of  algebra,  plane  and  solid  geometry,  the  elements  of  drawing, 
elementary  physics  or  chemistry,  American  and  English  (or  ancient) 
history,  two  or  three  years'  work  in  Latin,  German  or  French,  and  a 
passable  knowledge  of  English, 

The  curricula  are  very  similar  to  corresponding  curricula  in  the 
Massachusetts  Institute  of  Technology  and  Cornell  University.  From 
sixty  to  seventy  per  cent,  of  all  such  courses  is  found  in  the  courses  for 
bachelor's  degree  of  all  first  class  colleges,  and  in  some,  the  pi'oportion 
is  still  greater. 

This  common,  non-technical  material  consists  of  modern  languages, 
mathematics,  mechanics,  rhetoric,  literature,  physics,  chemistry,  geology, 
mineralogy,  political  economy,  astronomy  and  elocution. 

When  a  college  is  able  to  oflfer  a  large  variety  of  electives  they  are 
more  often  taken  from  technical  courses,  though  scarcely  technical 
themselves,  such  as  descriptive  geometry,  surveying,  drawing,  applied 
mechanics,  theories  of  structures,  electricity,  and  the  like. 
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An  exaraiuatiou  of  the  last  catalogue  of  Harvard  shows  that  its 
course  of  instruction  offered  to  the  candidates  for  the  degree  of  A.  B. 
contains  87 2  per  cent,  of  our  course  in  civil  engineering,  75  per  cent, 
of  our  course  in  mechanical,  94  per  cent,  of  our  course  in  electrical 
engineering,  and  100  per  cent,  of  our  course  in  chemistry.  In  like 
manner  our  own  A.  B.  course  includes  nearly  all  of  our  technical 
branches. 

II.  Thus  far  I  have  considered  the  limitations,  and,  again,  the 
greater  extensions  of  technical  curricula.  I  have  now  to  cnsider  the 
character,  meaning  and  content  of  "liberal  education."  Undoubtedly, 
it  is  a  very  loose  term,  and  no  two  of  us  would  wholly  agree  on  its 
definition.  Originally,  a  liberal  education  was  that  course  of  training 
which  was  befitting  a  freeman  and  a  gentleman  as  contrasted  with  a 
slave's  education  to  labor.  The  aim,  to  quote  Webster,  was  "  amuse- 
ment, curiosity,  intellectual  improvement,  rather  than  the  necessity  of 
subsistence."  So  long  as  direct  utility  was  in  view,  it  was  not  liberal. 
Education  began  to  be  liberal  as  soon  as  it  got  beyond  the  idea  of 
immediate  use.  Hence,  Lowell  is  *aid  to  have  defined  a  university  as  a 
"  place  where  nothing  useful  is  taught." 

I  do  not  know  in  what  connection  Lowell  uttered  these  words,  but  by 
"  useful  "  he  must  have  meant"  directly  and  immediately  useful  for  earn- 
ing a  living  and  limited  to  such  use,"  otherwise  the  statement  would  be 
as  ridiculous  as  it  is  extravagant.  Is  there  anything  in  science,  in  art, 
in  history  or  in  literature,  which,  when  thoroughly  comprehended,  has 
not  a  probable  or  a  possible  use  ?  There  are  uses  and  uses;  primary, 
secondary  and  ultimate  uses  ;  higher  uses  and  lower  uses  ;  immediate  and 
remote.  The  phrase  "  thoroughly  comprehended  "  has  a  saving  grace.  It 
makes  things  useful  which  otherwise  were  useless.  The  most  useless 
things  in  the  whole  world  of  education  are  things  imperfectly  learned  ; 
things  taken  up,  then  not  mastered,  but  laid  aside.  Do  we  not  tolerate 
too  many  of  these  useless  things?  So  impressed  am  I  with  the  utter 
worthlessness  of  much  that  is  called  "liberal"  that  I  would  define  a 
true  university  as  a  "  place  where  nothing  useless  is  taught." 

The  word  "  liberal,"  in  modern  education,  refers,  not  so  much  to  the 
subjects  studied,  as  to  the  method  of  studying  them.  The  liberal 
method  is  broad,  deep,  generous,  comprehensive.  It  is  not  limited  to 
mere  immediate  use.  It  recognizes  use  only  as  the  greater  includes  the 
less,  but  it  is  not  limited  to  it.  That  thorough  mastery  of  a  subject 
which  makes  it  available  for  all  possible  uses,  necessarily  includes  the 
near  as  well  as  the  remote.  The  liberal  method  aims  at  the  artist 
rather  than  the  artisan  ;  at  the  engineer  rather  than  the  craftsman  ;  at 
the  head  rather  than  the  hands.  Liberal  culture  deals  with  funda- 
mental principles,  typical  phenomena ;   with  general  results,  not  special 
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applications.  It,  is  liberal  to  study,  under  the  head  of  political  economy, 
the  laws  of  manufacture,  trade,  commerce,  finance,  sup])ly  and  demand  ; 
it  is  not  liberal  to  learn  merely  the  conditions  of  a  successful  business  in 
a  given  community  at  a  given  time. 

The  list  of  liberal  branches  is  ever  increasing.  When  I  was  at 
Harvard  I  was  compelled  to  give  one-sixth  of  my  time  to  Greek  and 
one  fourth  to  Latin.  I  studied  political  economy  for  a  single  term.  I 
never  entered  a  laboratory  except  to  sit  down  and  listen.  I  did  not  do 
a  stroke  of  drawing.  1  did  not  even  know  that  there  was  a  science  as 
well  as  an  art  of  drawing,  and  that  its  name  was  descriptive  geometry 
— a  sadly  neglected  study,  which  affords  more  mental  discipline  in  a 
given  time  than  any  other  study  1  know.  I  am  glad  to  be  able  to 
testify  that  now,  not  only  at  Harvard,  but  at  Washington  Universitv, 
and  at  scores  of  others,  West  and  East,  one  may  study  Latin  and  Greek 
or  not,  as  he  chooses,  and  that  everything  in  all  sciences,  arts  and 
literatures  admitting  of  systematic  treatment,  is  offered  freely  to  all  who 
may  choose,  as  a  liberal  course.  Peo])]e  now  study  Greek  and  Anglo- 
Saxon,  not  because  they  are  compelled  to,  but  because  they  wish  to,  just 
as  they  may  study  mechanics  or  descriptive  geometry  or  electricity,  or 
thermodynamics.  And  they  do  not — or,  at  least,  they  should  not — 
study  them  in  any  mean,  superficia],  perfunctory  way,  but  broadly, 
comprehensively,  with  relish  and  enthusiasm.  Wit')  such  opportunities 
and  by  such  methods  all  university  work  should  be  liberal,  and  all 
liberal  work  should  be  in  the  university.  Do  any  suppose  that  our 
students  are  less  liberally  trained  than  formerly?  The  material  of 
which  college  curricula  are  made  has  increased  many  fold  since  most  of 
us  took  our  degrees. 

The  adoption  of  these  ideas  has  lifted,  and  is  lifting,  all  the  work 
to  a  new  dignity.  The  college  of  letters  is  no  longer  a  narrow  school 
for  the  training  of  professional  men. 

Remembering  the  fact  that,  up  to  1850,  the  purpose  of  our  Ameri- 
can colleges  was  to  prepare  men  for  the  four  professions  of  theology, 
law,  medicine  and  teaching,  we  can  see  on  what  utilitarian  lines  the 
course  of  study  was  formed.  The  clergyman  must  read  the  New  Testa- 
ment in  the  original;  the  lawyer  must  read  Cicero,  Quintilian,  and  the 
"Institutes"  of  Justinian;  the  physician  must  read  Galen,  the  professor 
must  take  Latin,  Greek  and  mathematics.  The  plan  was  simple  and 
reasonable. 

Suddenly,  a  group  of  new  professions  appeared  and  struggled  for 
recognition.  The  age  demanded  them,  and  it  demanded,  too,  the  intro- 
duction of  new  elements  in  education,  just  as  liberal,  just  as  closely 
touching  life,  society  and  progress,  just  as  humanizing,  just  as  logical 
in  reference  to  the  new  demands,  as  the  old  elements  had  been  in  refer- 
ence to  the  old  demands. 
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A  professional  deofree  is  a  stamp  placed  upon  the  forehead  of  the 
graduate,  declaring  him  worthy  the  confidence  of  those  who  may  need 
the  service  of  a  doctor,  or  an  engineer,  or  a  lawyer.  Before  one  can 
worthily  receive  such  a  stamp,  he  must  be  in  possession,  not  only  of  a 
trained  and  vigorous  mind,  familiar  with  general  laws,  but  of  a  large 
fund  of  exact  information,  much  of  which  is  matter  of  time  and  place. 
Every  technical  course  has  more  or  less  of  this  professional  material, 
and  just  to  that  extent  it  differs  from  the  highest  type  of  liberal  educa- 
tion. These  facts  of  time  and  circumstance — dates,  prices,  statistics, 
etc., — which  to-day  have  value  and  to-mon-ow  are  ancient  history,  should 
ever  be  minimized  in  the  presence  of  unchanging  principles,  general 
theories  and  inexorable  laws. 

It  thus  appears  that,  when  we  take  into  account  the  current  mean- 
iug  and  the  scope  of  technical  education,  and  the  full  significance  of 
liberal  education,  we  find  that  nearly  all  of  the  ground  is  common,  and 
that,  even  when  the  branches  of  study  are  difi^erent,  the  spirit  and 
method  are  much  the  same. 

I  have  had  unusual  opportunities  to  knon*  what  is  meant  by  a 
high-grade  technical  course  of  training.  I  know  how  every  subject  is 
treated  historically,  empirically,  experimentally  and  theoretically. 
Take  the  subject  of  bridges,  and  you  will  find  that  the  evolution  of  the 
modern  most  finished  types  involves  a  history  as  long,  an  analysis  as 
profound,  and  a  variety  as  great  as  in  the  development  of  forms  of 
government  or  of  religious  belief. 

From  stone  arches,  circular,  segmental,  elliptical  and  oblique,  to 
tubular  bridges,  to  truss  bridges  of  many  kinds,  to  steel  and  iron  arches, 
to  suspension  bridges,  and  to  the  modern  cantilever  which  spans  1,700 
feet,  is  a  very  long  story,  full  of  the  achievements  of  intellect,  genius 
and  daring.  In  the  presence  of  such  a  history  and  exposition,  a  hun- 
dred matters,  that  men  make  much  of  in  the  records  of  human  achieve- 
ment, pale  into  insignificance.  Before  that  history  can  be  read  intelli- 
gently, the  laws  that  obtain  iu  all  operations  involving  force,  motion, 
energy,  mathematics  and  mechanics,  must  be  so  mastered  that  they  are 
not  a  "  memory  and  a  forgetting,"  but  are  the  keen-edged  tools  ready 
for  use  iu  a  high  analysis.  He  who  reads  aright  the  history  of  the 
great  steel  arch  built  over  the  Mississippi  by  Capt.  James  B.  Eads  at 
St.  Louis,  reads  the  history  of  a  thousand  bridges.  Said  one  of  the 
most  highly  cultivated  men  I  have  ever  known:  "To  read  the  full 
history  of  such  work  is  a  liberal  education." 

1  have  mentioned  but  a  single  subject  in  the  technical  courses,  and 
yet  you  see  how  far  reaching  it  is,  how  closely  it  is  connected  with  the 
development  of  our  civilization,  with  the  gradual  mastery  of  mind  over 
matter.     When  I    first   read    Browning's    pathetic    little  poem,   "The 
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Grammarian's  Funeral,"  I  could  not  avoid  the  feeling  that  it  was 
satirical.  It  was  impossible  for  me  to  believe  that  he  could  sincerely 
admire  one  who  had  devoted  so  much  of  his  life  to  the  "  business  "  of 
two  Greek  words  of  three  letters  each. 

Accustomed  as  I  was  to  an  intellectual  atmosphere  where  authority 
was  at  a  minimum  and  where  the  conclusions  of  a  sound  logic  were 
supreme,  I  could  not  bring  myself  to  see  either  heroism  or  genius  in  an 
endless  conning  of  texts  and  a  grouping  of  passages.  A  better  acijuaint- 
ance  with  Browning,  however,  convinced  me  that  the  poem  is  the 
tribute  of  a  sincere  respect  and  admiration.  I  shall  not  quarrel  with 
Browning.  De  giistibus,  etc.  I  quarrel  only  with  those  who  do  not  see 
the  intellectual  character,  the  dignity  and  the  culture  of  the  accom- 
plished engineer;  a  mau  who  has  so  thoroughly  mastered  the  laws 
which  govern  the  forces  of  nature  that  he  is  able  to  make  them  sub- 
servient to  the  needs,  the  comfort,  the  luxury,  the  refinement  of  our  race. 

It  is  very  easy  to  see  the  sources  of  a  widespread  prejudice  against 
technical  training.  The  history  of  civilization  has  been  the  history  of 
masters  and  slaves,  of  caste,  of  contempt  for  all  labor  and  for  all  useful 
arts.  No  wonder  that  Plato  held  that  the  useful  arts  were  degrading,  for 
they  brought  one  into  the  companionship  of  slaves,  for  even  in  Athens, 
every  freeman  lived  in  luxury  on  the  labor  of  several  slaves.  Ca.-te 
prejudices  were  equally  strong  in  Milton's  time  in  England,  so  that  Miltcm 
])laces  Memuon,  the  chief  engineer  and  architect  of  the  hosts  of  heaven, 
among  the  fallen  angels.  In  spite  of  his  energy,  his  knowledge  of  ores 
and  their  treatment,  and  his  marvelous  skill  in  construction, 

He  was  lieadlong  liurled 
With  his  industrious  crew  to  build  in  iiell. 

Tiie  technical  professions  are  all  less  than  one  hundred  years  old. 
They  are  all  evolutions  from  trades.  The  first  mechanical  engineers 
built  their  own  engines,  and  the  first  electrical  engineer  built  his  own 
dynamo.  There  is,  therefore,  an  odor  of  tiie  sho})  about  the  names,  and 
a  reminiscence  of  men  who  were  heretics  as  regards  theory,  but  firm 
believers  in  ]n-actice. 

We  all  know  the  intense  squeamishness  of  the  average  college  pro- 
fessor with  regard  to  anything  which  savors  of  use.  "Thank  God,  that 
department  can  never  be  made  useful,"  said  an  eminent  professor, 
speaking  of  a  newly  established  chair  in  a  State  university. 

A  similar  spirit  would  seem  to  have  prompted  Professor  Patten,  in 
an  article  on  the  "Educational  Values  of  Studies"  (see  Ed.  Rev.,  Feb., 
1891)  to  say  that  a  study  loses  its  educational  value  in  proportion  as  its 
economic  value  increases.  Hence,  mathematics  and  electricity  have 
less  educational  value  now  than  when  they  were  of  less  utility.  This 
statement  is  so  incredible  that  I  s:ive  hi?  exact  words: 
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"  With  the  increase  in  their  utility  they  will  be  of  less  value  iu 
eJucating  men.  Whatever  makes  them  more  fitted  for  utility  studies, 
makes  them  less  fitted  for  general  culture."  Again,  he  asked:  "Shall 
a  subject  be  taught  with  a  view  of  making  the  student  a  master  of  it, 
and  thus  enable  him  to  obtain  a  utility  (sic)  from  it?  or  shall  it  be 
taught  with  the  purpose  of  producing  the  greatest  eflect  upon  the  mind 
and  culture  of  the  pupil  ?"  Professor  Patten  would  hav^e  no  objection 
to  making  a  student  a  master  of  a  subject,  provided  he  were  sure  that 
the  mastery  could  be  of  no  use  to  him,  for  then  he  would  be  educating  a 
man  as  man,  and  the  result  would  be  general  culture.  But  let  it  be  dis- 
covered that  that  mastery  enables  one  to  solve  a  practical  problem,  to 
earn  a  loaf  of  bread,  or  to  make  two  blades  of  grass  grow  where  one  grew 
before,  and  lol  the  man  is  less  a  man,  the  mental  effort  becomes  narrow 
and  uudesirable,  and  what  he  fondly  hoped  was  culture  turns  out  to  be 
mere  "expertness  "  and  "adroitness." 

We  have  all  met  with  similar  arguments  and  prejudices,  but  one 
rarely  comes  across  such  a  frank  expression  of  them.  Fallacies  which  have 
come  to  be  hundreds  of  years  old,  die  hard,  and  to  some  it  is  a  species 
of  educational  blasphemy  to  call  them  in  question.  It  is  for  this  reason 
that  the  majority  of  readers  probably  accepted  Professor  Patten's  state- 
ments as  gospel  truth. 

But  such  a  statement  cannot  be  quietly  passed  in  this  discussion. 
The  relation  of  technical  to  liberal  is  far  more  intimate  and  cordial  than 
is  commonly  supposed.  I  assert  with  confidence,  that  whenever  a  mas- 
tery becomes  technical  through  use  it  is  still  liberal  and  more  nobly  lib- 
eral, and  that  a  study  is  useless  in  proportion  as  it  fails  of  mastery.  Tlie 
introduction  of  technical  subjects  into  elective  courses  usually  called 
lib.'ral,  so  well  begun  at  Harvard  and  promptly  followed  in  a  dozen 
universities,  has  met  with  opposition  on  the  ground  that  there  is  some- 
thing in  technical  study,  or  in  the  atmosphere  of  a  technical  school,  un- 
suited — or  at  least,  less  suited — to  a  proper  discipline  of  the  miad  and 
unfavorable  to  the  growth  of  character.  Says  Dr.  Wra.  M.  Bryant 
(American  Journd  of  Education,  February,  1891):  "The  professional 
school  necessarily  directs  the  attention  of  the  student  mainly  to  success 
in  its  outward  aspects.  It  is  in  the  college  proper,  where  studies  are 
suited  to  discipline  and  develop  a  man  as  a  man,  that  the  conditions  are 
moit  favorable  for  the  growth  of  character." 

The  assertion  that  in  technical  study  the  attention  is  mainly  directed 
to  success  iu  its  outward  aspects,  is  based  on  a  misconception.  Much  is 
made  of  useful  applications  bjcause  they  serve  as  illustrations  of  general 
principles.  But  the  only  "success"  the  student  is  conscious  of,  is  the 
success  of  his  effort  to  thoroughly  understand  the  science  involved  and 
how  it  is  applied.     That  consciousness  "  keeps  his  mind  alert,  expectant 
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and  enthusiastic."  The  zeal  of  the  technical  student  is  akin  to  the  zeal 
of  the  student  engaged  in  research  in  the  laboratory,  and  you  know  well 
what  that  is.  It  is  as  far  as  possible  removed  from  the  thought  of  "suc- 
cess in  its  outward  aspects." 

The  belief  shown  by  Messrs.  Patten  and  Bryant  is  widespread,  par- 
ticularly among  those  who  have  had  no  direct  contact  with  technical 
work.  I  have  seen  both  kinds  of  training  intimately.  I  have  seen  them 
in  separate  institutions,  and  I  have  seen  them  side  by  side  in  the  same 
institution.  So  far  as  relates  to  vigor  of  intellect  and  high  character, 
the  influence  of  technical  studies  is  in  no  respect  inferior  to  that  of  the 
traditional  untechnical  curriculum.  On  the  contrary  (and  I  am  not 
alone  in  this  opinion),  there  is  a  widespread  and  uniform  degree  of 
earnestness  and  zeal  among  technical  students,  rarely  equaled  in  colleges 
which  do  not  admit  technical  branches.  The  sense  of  responsibility, 
W'hich  accompanies  the  study  of  subjects  which  cannot  be  slighted  with- 
out leaving  a  defective  foundation  on  which  to  build  later,  is  helpful  to 
serious  and  steady  work.  On  the  other  hand,  I  remember  that,  in  my 
own  college  days,  it  was  difficult  to  look  upon  much  of  the  college  work 
with  any  considerable  degree  of  earnestness.  It  seems  to  be  irrelevant. 
The  idea  of  thoroughly  mastering  a  subject  so  that  one  could  base  some- 
thing else  upon  it,  rarely  entered  the  head  of  the  average  student.  I 
recently  met  a  college  classmate  as  an  officer  in  a  technical  school.  We 
fell  into  conversation  as  regards  the  influence  of  technical  study  on  the 
development  of  character.  Said  he  :  "  The  earnestness  and  manliness  of 
these  students  has  been  a  revelation  to  me.  There  was  nothing  like  this 
when  we  were  at  Harvard." 

I  shall  be  very  glad  to  hear  what  has  been  the  efl^ect  of  the  intro- 
duction of  technical  studies  at  Harvard  ;  what  proportion  of  the  senior 
elections  are  what  are  called  technical,  and  what  influence  they  have  had 
on  the  character  and  scholarship  of  the  seniors  electing  them. 

The  character  and  attitude  of  the  educated  engineer  towards  classi- 
cal learning,  has  much  to  do  with  the  estimation  in  which  he  is  held  by 
scholarly  men. 

The  engineer  is  by  nature  an  iconoclast.  He  has  small  respect  for 
the  traditions.  He  snaps  his  fingers  in  scorn  at  all  whose  chief  pride 
and  glory  lies  in  their  submission  to  the  "  tyranny  of  the  ancients."  He 
cares  less  for  what  has  been  than  for  what  may  be.  His  triumphs,  his 
masterpieces,  his  heroes,  his  golden  age,  are  all  in  the  future.  He 
walks  forward,  with  his  face  to  the  front ;  not  backw^ard,  with  his  face 
to  the  past.  When  Captain  Eads  proposed  to  build  a  steel  arch  over 
the  turbulent  Mississippi  with  a  clear  span  of  520  feet,  the  timid  wor- 
shipers of  the  past  held  up  their  hands  in  protest  that  there  was  no  pre- 
cedent for  an  arch  of  such  great  length.  To  this  unworthy  opposition 
34 
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it  was  said  proudly  in  reply  :    "  The  engineer  makes  precedents  ;  other 
men  follow  them." 

There  is  another  aspect  of  the  effects  of  our  modern  liberal  tech- 
nical traiuing,  which  is  somewhat  new.  In  that  graceful  liberal  culture, 
which  we  all  so  much  prize  and  which  we  more  or  less  unconsciously  set 
up  as  a  standard  for  others,  we  learned  how  the  imaginative  Greeks 
made  gods  and  demigods  to  account  for  wonderful  things.  Beings  with 
superhuman  strength  and  skill  turned  the  courses  of  rivers,  built  im- 
pregnable walls,  bore  messages  faster  than  the  wind,  and  subdued  mons- 
ters, drained  marshes  and  warded  off  disease.  Not  to  know  these  things 
is  now  held  to  be  wanting  in  the  very  elements  of  a  liberal  education. 
In  these  modern  days,  men  have  done  all  these  things  and  more,  in  fact 
and  not  in  fancy,  and  yet  to  know  these  modern  heroes — men,  accom- 
plished, but  in  no  way  superhuman — who  have  dethroned  the  gods  and 
put  demigods  to  the  blush,  is  held  to  be  not  liberal,  and  such  knowledge 
exposes  one  to  the  suspicion  of  being  too  familiar  with  swarthy  fellows 
who  handle  machinery  and  despise  the  ancients.  Men  are  now  struck 
dead  by  artificial  lightning,  while  the  thunderbolts  of  Jove  are  turned 
harmlessly  into  the  earth  by  a  Franklin,  and  the  energy  of  which  thun- 
derbolts are  made  is  harnessed  to  a  car  or  a  mill  by  an  Adams  or  a 
Hopkinson  or  an  Edison,  and  made  to  serve  the  peaceful  ends  of  com- 
merce and  industry.  The  dreadful  energy  of  a  Maxim  gun  or  of  a 
dynamite  cannon  is  far  more  destructive  than  the  twangiug  of  Apollo's 
silver  bow  and  his  whole  quiver  of  arrows.  The  skill  of  an  Eads,  which 
turns  the  current  of  the  mighty  Mississippi  and  forces  it  to  maintain  a 
new  deep  channel  into  the  sea,  dwarfs  into  insignificance  the  labors  of 
a  Hercules.  The  ingenuity  of  a  Morse  and  a  Field  sends  messages  to 
the  antipodes  in  less  time  than  Mercury  needed  for  binding  on  his  san- 
dals. The  roar  of  Mars  could  be  heard  by  whole  armies ;  now  the  whis- 
per of  a  Brush  is  heard  a  thousand  miles. 

It  is  now  the  engineer  who  turns  away  the  destroying  monster, 
redeems  the  waste  places,  brings  health,  peace  and  security  where  there 
was  pestilence  and  death.  Shall  not  an  accurate  knowledge  of  the 
exploits  and  rational  methods  of  these  modern  times  and  heroes  be 
held  to  be  an  essential  part  of  a  liberal  as  well  as  of  a  technical  edu- 
cation ? 

Is  not  the  educatioual  army  changing  front  ?  Is  not  our  new  leader 
an  engineer,  rather  than  a  philologist  or  an  antiquary  ?  We  all  believe 
in  culture.  The  word  is  much  abused  ;  perhaps  I  have  helped  abuse  it ; 
but  there  is  culture  and  culture.  Whatever  broadens  one's  intellectual 
grasp,  extends  his  mental  vision,  purifies  his  mental  taste,  lifts  him 
away  from  individuals  to  generals,  builds  rational  ideals,  is  an  aid  to 
culture,  and,  ipso  facto,  is  liberal.     This  high  function  I  see  in  high-grade 
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technical  education.  I  urge  most  earnestly  that,  as  is  done  in  many 
universities  to-day,  on  the  one  hand,  all  narrow,  petty,  ephemeral  mat- 
ters, which  have  no  logical  bearing  upon  life,  be  eliminated,  and  that 
technical  subjects  in  their  most  liberal  form  be  incorporated  into  the 
college  course  as  possible  electives.  No  longer  should  it  be  true  any- 
where, as,  according  to  the  Emperor  William,  it  is  now  true  in  Germany, 
that  they  have  an  overproduction  of  what  are  called  "over-cultivated 
men,"  who,  instead  of  being  an  element  of  strength  to  the  State,  are  a 
source  of  weakness,  being  unfitted  for  life  and  its  problems.  The  col- 
lege student  should  have  free  access  to  all  subjects  liberally  taught, 
which  he  may  choose  according  to  the  quality  of  his  mind  or  the  prompt- 
ings of  his  future. 

To  this  end  technical  and  liberal  departments  should  be  brought 
nearer  together  and  unified  as  much  as  possible.  The  wall  of  separa- 
tion should  be  thrown  down. 

The  relation  between  technical  and  liberal  education  should  be 
that  of  the  French  motto:  "  Liberty,  Fraternity,  Equality." 
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THE  MANUFACTURE  OF  CEMEXT  FROM  FURNACE 

SLAG. 


By  Hermann  Crueger,  Member  of  the  Association  of  Engineers  of 

Virginia. 


[Read  March  28,  1895.-] 

The  question  as  to  what  should  be  doue  with  the  refuse  of  manu- 
factories of  all  kinds,  is  one  which  for  a  long  time  has  agitated  the 
minds  of  the  most  eminent  chemists  as  well  as  those  of  practical  men, 
and  is  one  of  ever-growing  importance.  After  use  has  been  made  of 
raw  materials,  the  refuse  is  again  turned  into  a  raw  material,  the  uses  of 
which,  after  many  years  of  trials  and  experiments,  have  in  some  in- 
stances exceeded  in  value  those  of  the  original  product  from  which  these 
raw  materials  were  obtained.  I  need  only  call  attention  to  the  uses  now 
made  of  gas  coal  tar,  a  product  which,  not  so  very  long  ago,  was  looked 
upon  as  entirely  a  secondary  matter,  and,  perhaps,  used  only  for  j^re- 
serving  wood  from  decay.  Aniline  dyes,  and  other  chemicals  largely 
used  for  medicinal  purposes,  etc.,  etc.,  are  now  produced  from  it. 

Cotton  seed  affords  another  well-known  instance  of  how  a  substance 
wdiich  at  one  time  was  considered  almost  worthless  has  proven  to  be 
almost  as  valuable  as  the  cotton  itself.  Quite  a  number  of  other  prod- 
ucts are  now  being  utilized. 

Furnace  slag  (in  German  Hochofenschlacke)  has  always  been  a 
source  of  trouble  to  furnace  men,  and  I  well  remember  the  expression  of 
an  old  friend  of  mine,  who  claimed  that  the  location  of  a  furnace  should 
be  chosen  at  a  point  where  the  disposal  of  the  slag  would  be  attended 
by  the  least  possible  trouble.  Of  late,  furnace  slag,  where  it  can  be  had 
cheaply,  is  being  used  in  ballasting  the  road-beds  of  railroads ;  and 
since  the  question  of  better  roads  has  been  agitated  furnace  slag  is  being 
used  quite  largely  for  road  improvement ;  but  the  amount  used  is  very 
small  in  comparison  with  the  amount  of  slag  produced.  For  a  number 
of  years  experiments  have  been  carried  on,  particularly  in  Germany, 
Switzerland  and  France,  regarding  the  practicability  of  manufacturing 
an  hydraulic  cement  from  slag,  and,  after  a  number  of  failures,  these 
have  proven  successful,  particularly  where  improved  machinery  adapted 
to  the  work  has  been  used. 

To  a  large  extent  I  am  indebted,  for  the  information  on  the  subject 
of  this  paper,  to  Professor  Tetmajer,  of  the  Polytechnic  School  of  Zurich, 
Switzerland,  who  has  made  this  particular  matter  his  study  and  embod- 

*  Manuscript  received  April  22,  1895. — Secretary,  As^n  of  Eng.  Soca. 
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ied  it  in  his  admirable  pamphlet  entitled  "  Furnace  Slag  Cement,"  men- 
tioned in  Engineering  News,  of  July,  1889,  since  which  time  I  have 
given  this  subject  attention  and  have  obtained,  from  various  sources, 
information  convincing  me  that  the  manufacture  of  hydraulic  cement 
from  furnace  slag  in  the  United  States  would  prove  to  be  not  only  prac- 
ticable but  profitable,  if  properly  conducted. 

The  uses  to  which  cement  is  now  being  put  are  daily  increas- 
ino-  in  number,  including  concrete  walks,  concrete  in  fire-proof  buildings, 
concrete  for  brick-paved  streets,  etc.,  etc.,  and  there  is  no  reason  why 
cement,  if  manufactured  cheaply,  should  not,  in  course  of  time,  almost 
entirely  supplant  lime  for  building  purposes. 

From  Prof  Tetmajer's  pamphlet,  above  mentioned,  I  beg  to  quote 
the  following  extracts : 

"  The  first  attempts  to  make  slag  cement  by  machinery  were  made 
in  1879-80,  at  Chomdez,  Switzerland.  In  addition  to  slag  bricks  made, 
ground  slag  was  produced  and  was  called  trass.  It  appeared  at  the 
Swiss  Exposition,  where  it  attracted  general  attention  from  experts. 
Slag  cements  have  been  introduced  mostly  by  the  founders  of  the  Slag 
Cement  factory  at  Thale,  by  Mr.  Boss,  architect,  Brunswick,  and  by  Mr. 
Hermann,  manufacturer  of  cement,  at  Thale. 

"  Every  normal  slag  cement  is  made  of  granulated  furnace  slag, 
ground  to  a  condition  of  dust,  and  of  calcium  hydrate  in  the  form  of 
powder.  According  to  local  conditions,  there  can  be  added  to  the  slag- 
lime  mixture  further  artificial  or  natural  pozzuolanas,  silicates,  silicious 
or  silico-alumina  preparations. 

Furnace  slags  are  principally  lime  and  alumina  silicates,  made 
as  secondary  products  in  smelting  iron  ore.  The  chemical  composition 
and  the  chemico-physical  condition  of  furnace  slags  vary  with  the  pro- 
portions of  the  ore,  fuel  and  fluxes,  and  with  the  smelting  temperature. 
In  general,  we  distinguish  acid,  neutral  and  basic  furnace  slags.  The. 
slag  is  called  acid  whenever  an  equivalent  of  acid  contents  contains  less 
than  an  equivalent  of  the  base.  In  the  opposite  case,  slags  are  basic. 
The  neutral  slags  are  those  intermediate  products  which  are  found  only 
in  exceptional  cases.  Acid  slags  are  used  principally  in  the  making  of 
slag  bricks  and  in  the  ])reparation  of  road  materials.  Cooled  in  water, 
they  furnish  a  so-called  slag-sand,  which  is  used  for  road-making  and 
in  making  mortar.  By  blowing  slag  with  steam,  slag-wool,  or  mineral 
wool,  is  made.  Since  it  has  become  possible  to  de-sulphurize  slags,  it 
has  also  been  used  in  the  ce  nent,  glass  and  pottery  industries. 

"  The  sand  made  by  granulating  basic  slags,  works  as  an  hydraulic 
addition  when  mixed  with  slacked  lime  or  powdered  lime  hydrate. 
Pressed  into  moulds,  it  furnishes  bricks  for  surfiice  construction,  or  for 
works  under  water. 
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"  It  has  long  been  known  that  certain  kinds  of  basic  furnace  slag> 
granulated  and  mixed  with  lime,  acquire  the  property  of  hardening 
hydraulically.  The  nature  of  the  effect  of  granulation  is  now  beyond 
question.  It  was  formerly  supposed  that  granulation  effected  a  partial 
molecular  change,  which  might  be  called  a  decomposition  of  the  slag  ; 
but  furnace  slags  are  not  silicates  in  the  ordinary  chemical  acceptance 
of  the  term.  They  are  complex  alloys  which  are  decomposed  when 
made  fluid  by  steam  or  a  strong  current  of  water.  Slag  loses  a  small 
part  of  its  sulphur  and  silica,  and  probably  other  matters  are  set  free. 
These  can,  by  taking  up  water,  combine  with  lime  and  consequently 
harden.  Treated  with  hydrochloric  acid,  granulated  as  well  as  ungranu- 
lated  slags  become  gelatinous,  the  granulated  more  energetically  than 
the  others. 

"According  to  its  chemical  composition,  basic  slag  which  has  been 
properly  granulated  presents  a  varying  appearance.  The  particles  of 
sand  resemble  weathered  granite.  In  this  case  the  particles  are  mostly 
round  and  translucent.  Some,  however,  are  not  translucent,  and  others 
resemble  pumice.  The  surface  of  the  grain  is  generally  lustreless,  sharp 
like  quartz,  although  less  sharp  than  the  sand  of  granulated  acid  slag, 
which  latter  is  in  pumice-like  pieces,  having  the  characteristic  glassy 
lustre.  Other  less  valuable  slags  show,  when  granulated,  a  slightly 
glassy,  earthy,  dirty  lustre.  The  color  of  slag-sand  is  generally  grayish. 
Slag  made  while  the  furnace  is  in  good  heat  is  slightly  violet,  and, 
when  ground  up,  reddish. 

"Granulation,  and  with  it  the  degree  of  usefulness,  varies  con- 
siderably. The  less  the  pressure  and  the  temperature  of  the  slag  and 
the  warmer  the  water,  the  smaller  becomes  the  chemico-physical  effect 
of  granulation.  White,  hot,  thin  (highly  fluid)  slag,  leaving  the  furnace 
at  a  high  pressure,  is  particularly  fit  for  granulation ;  slags  made  from 
gray  foundry  iron,  allowed  to  accumulate  in  the  furnace  and  couse 
quently  tapped  under  high  pressure,  give  the  best  results. 

"The  slag  spout  should  be  as  short  as  possible,  and  the  stream  of 
"water  strong.  The  same  slag,  differently  treated,  gives  a  valuable  slag 
sand,  according  as  the  slag  is  granulated  when  very  fluid  or  when  in  a 
syrupy  condition.  Slag  about  to  chill  furnishes  less  valuable  material 
and  is  similar  to  the  sand  made  from  a  cold  slag. 

"Every  basic  slag  has  a  certain  lime  limit  within  which  it  will 
preserve  its  shape  as  commonly  cooled,  and  above  which  it  will  disin- 
tegrate. The  slag  dust  made  from  slag  in  the  latter  condition  is  value- 
less for  cement  mortar,  as  shown  by  various  experiments.  The  degree 
of  effectiveness  of  a  furnace  slag  depends  chiefly  on  the  proportion  of 

lime  to  silica.     Slags  in  which  the  proportion  ^,f' .  -  (lime  to  silica)  sinks 
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to  about  1.0,  cannot  be  used  for  the  making  of  slag  cement.  Under 
otherwise  similar  conditions,  the  lime  capacity  of  a  slag  increases  with 
the  growing  proportions  of  alumina  to  silica.     The  higher  the  quotient 

-^^7^    >  t^®  greater  is  the  amount  of  lime  required  to  give  more  strength, 

"The  most  favorable  proportions  are,  approximatel}^:  lime  to  silica 
to  alumina  =  46  :  30  :  16.  Good  results  are  reached  only  when  the 
slag  is  granulated  when  very  fluid  and  in  a  strong  current  of  cold  water. 
To  obtain  a  good  cement,  fine  grinding  is  most  important." 

Particular  attention  must  also  be  paid  to  the  lime  to  be  adoled 
proportionally  to  the  ground  slag.  The  lime  should  be  slacked  to  a 
dry  lime  hydrate.  In  France  the  lime  is  slacked  in  baskets,  which  are 
filled  with  the  burnt  lime  and  dipped  into  barrels  filled  with  water. 
The  lime,  saturated  with  water,  is  then  thrown  into  heaps  which  are 
then  covered  with  sand  mixed  with  lime. 

Later  methods  have,  by  the  introduction  of  steam,  considerably 
improved  this  crude  manner  of  slacking  the  lime.  The  slacked  lime 
should  feel  as  fine  as  flour.  For  this  reason  it  is  recommended  to  grind 
twice;  first  alone,  and  then  with  the  slag,  as  this  will  give  a  more  per- 
fect mixture.  The  slacked  lime  can  be  kept  for  a  long  time  without 
losing  its  usefulness. 

The  results  of  the  most  exhaustive  experiments  have  shown  that 
cement  made  from  furnace  slag  belongs  to  those  hydraulic  mortars 
which  are  particularly  valuable  for  use  under  water,  and  in  the  soil  or 
in  a  damp  atmosphere. 

In  order  to  give  an  idea  of  the  differences  in  furnace  slag  and  in 
the  analyses  of  different  cements  I  beg  to  append  here  a  table  giving 
such  information  as  I  have  been  able  to  gather : 
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■  Analyses  of  Slags. 
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From  the  above  table  it  will  be  seen  that  there  is  as  much  differ- 
ence between  the  analyses  of  the  different  cements  as  there  is  between 
those  of  furnace  slags.  Referring  to  Professor  Tetmajer's  paper,  how- 
ever, we  i?ee  tliat  the  slag  should  be  basic,  which  means  that  the  per- 
centage of  silica  should  be  below  39  per  cent.,  which  is  particularly  the 
case  with  the  No.  3  slag  of  the  Pulaski  Iron  Company,  and,  as  I  under- 
stand this  matter,  there  is  no  reason  why  a  slag  of  this  kind  should  not 
make  a  good  cement  if  mixed  with  the  proper  proportion  of  lime. 

In  conclusion  I  beg  to  refer  to  the  accompanying  plate,  showing  a 
layout  plan  for  a  complete  slag  cement  factory,  as  designed  by  Messrs. 
Pfeiffer  Bros.,  of  Kaiserslautern,  Germany. 

The  slag  is  first  conveyed  through  an  arrangement  of  dippers  A  to 
the  drying  kilns  B.  After  it  is  released  from  the  kilns,  at  the  foot  of  the 
ovens  C,  it  is  spread  out  for  cooling;  or,  if  it  has  been  sufficiently  cooled, 
it  is  passed  on  through  another  set  of  dippers  D,  to  the  "  Jochum  " 
mixer  and  separator  E,  and  thence  to  the  funnel  F. 

The  lime,  after  having  been  burnt,  is  slacked,  and  is  then  moved 
up  and  down  by  means  of  the  double  elevator  G.  While  undergoing 
this  operation,  it  is  contained  in  wire  baskets,  which  are  dipped  in  water 
by  the  elevator  and  again  elevated.  The  lime  is  then  dumped  into  the 
silos  /,  and  here  it  must  remain  for  a  while,  the  longer  the  better. 
After  thi  required  rest  the  lime  is  taken  from  the  bottom  of  the  silos, 
and  elevated  through  a  shaft  K  to  the  second  funnel  of  the  Jochum 
mixer  and  separator.  The  Jochum  apparatus  answers  the  purpose  of 
dividing  the  slag  and  lime  in  certain  proportions  and  of  mixing  them 
thoroughly.  The  lattter  operation  is  performed  by  a  mixing  screw  M, 
on  leaving  which  the  material  is  then  carried  by  another  mixing  screw 
to  the  four  horizontal  ball  mills  N,  where  it  is  ground  into  cement.  It 
is  then  ready  for  use. 
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The  cement  is  carried  by  screws  0  to  the  storage  bins  P,  where  it 
remains  until  it  is  barreled  or  bagged  for  shipment. 

The  total  estimated  cost  of  the  machinery  of  such  a  plant  is  about 
$13,000,  This  estimate,  however,  could  be  considerably  reduced  by 
obtaining  a  majority  of  the  machinery  in  the  United  States.  The  plant 
would  produce  24,000  kilos  per  teu  hours'  work,  or  36,000  barrels  of  400 
pounds  each,  per  year,  which  of  course  could  be  doubled  by  employing  a 
night  shift. 

That  cement  from  furnace  slag  is  coming  into  competition  with  the 
best  Portland  cement  is  a  fact  which  can  no  longer  be  disputed.  I 
quote  from  a  pamphlet  issued  by  Howard  Fleming,  23  Liberty  Street, 
New  York,  Importer  of  Portland  Cement : 

"Slag  cement  has  been  for  some  time  manufactured  in  Germany, 
and  works  have  been  started  in  England  for  its  production.  Being 
a  mechanical  mixture  of  iron  slag  with  slacked  lime,  it  is  very  different 
in  constitution  from  Portland  Cement,  which  is  a  true  chemical  com- 
bination ! ! !  Cement  (Portland)  adulterated  with  slag  and  slag  cement, 
will  be  found  finer  ground  and  quicker  setting  than  Portland  Cement, 
and  it  will  obtain  its  maximum  strength  at  a  shorter  date  than  the  best 
Portland  Cement,  etc.,  etc." 

From  the  above  it  seems  to  me  that  all  the  differences  mentioned 
as  faults  are  rather  in  favor  of  the  mixing  of  Portland  cement  with  slag 
cement,  or  in  favor  of  the  use  of  pure  slag  cement. 

The  manufacture  of  cement  from  furnace  slag  is  no  longer  an 
experiment  but  a  fact,  of  which  advantage  should  be  taken  in  the 
United  States.  So  far  as  I  am  informed,  there  is  at  present  no  manu- 
facturing concern  of  this  kind  in  the  United  States. 

From  reliable  statistics  I  find  that  the  imports  of  Portland  cement 
into  the  United  States  in  1892  were  2,686,921  barrels.  There  is,  as  is 
well  known,  a  large  amount  of  Dusseldorf  and  Stettin  cement  brought 
into  the  United  States  yearly,  so  that  a  safe  estimate  of  imported 
cements  wonld  probably  bring  up  the  total  to  5,000,000  barrels  per 
year. 

In  conclusion,  I  beg  to  quote  from  the  Progressive  Age  of  Novem- 
ber, 1894: 

^''Portland  Cements. — We  come  now  to  a  class  of  cements,  says  Ross 
F.  Tucker,  in  the  Brick  Builder,  which  are  so  well  known  as  to  require 
little  description.  They  are  artificial  cements,  the  product  of  scientific 
investigation,  and  the  perfection  of  the  principle  underlying  all  cement 
hardening.  By  analysis  and  constant  experiment  the  exact  ])roportious 
of  lime,  silica  and  alumina  necessary  for  the  production  of  the  most 
perfect  union  have  been  determined,  and  the  mechanical  processes  for 
mixing,  burning  and  grinding  have  been  so  perfected  as  to  produce  a 
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cement,  the  quality  of  which  leaves  nothing  to  be  desired.  They  are, 
for  all  practical  purposes,  absolutely  uniform  in  quality;  they  develop 
tremendous  strength  in  concrete;  they  are  economical,  and  may  be  used 
with  large  proportions  of  aggregates;  they  are  invariable  in  color,  and 
for  hydraulic  qualities  have  no  rival.  The  German  Portlands  are  the 
finest  in  the  world  in  all  respects,  and  an  engineer  may  be  at  ease  when 
his  work  is  being  done  with  these  standard  cements.  The  English 
Portlands  are  more  variable,  coarser  ground  and  less  economical.  The 
process  of  manufacture  differs  widely  in  the  two  countries,  and  possibly 
the  characteristics  of  the  people  of  the  two  nations  are  shown  in  the 
results  of  their  work. 

"The  Portland  cements  of  American  manufacture  have  a  long  road 
to  travel  before  reaching  the  standard  of  excellence  achieved  by  our 
rivals  across  the  water;  but  with  the  great  quantities  of  matei-ial 
suitable  for  this  work  at  hand,  it  is  only  a  question  of  time  w'hen 
American  ingenuity  will  devote  itself  to  the  production  of  a  domestic 
cement  of  equal  quality  with  any  in  the  world. 

"  The  writer  is  not  aware  of  the  existence  of  a  cement  plant  in  the 
United  States  in  which  the  production  is  carried  on  precisely  as  in 
Europe,  nor  is  the  term  '  Portland' justly  assumed  by  a  great  majority 
of  American  cements.  It  is  doubtless  true  that  several  grades  of 
domestic  cement  have  attained  a  high  standard  and  are  suitable  for  use 
in  important  work,  but  they  are  few,  and  extraordinary  care  must  be 
observed  in  their  use,  and  every  precaution  taken  to  guard  against  the 
great  bugbear — variation — for  until  that  is  absolutely  overcome  no 
cement  can  hope  to  take  precedence  of  excellent  products,  which  by 
long  and  successful  use  have  proven  themselves  worthy  of  the  highest 
regard,  and  which  have  won  for  themselves  the  first  place  in  the  confi- 
dence of  professional  builders." 

No  doubt  the  German  Portland  cements  here  referred  to  are  arti- 
ficial cements,  made  principally  from  furnace  slag  and  other  mixtures, 
for,  so  far  as  I  know,  there  are  in  Germany  no  natural  cement  stones 
from  which  cements  could  be  made. 
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Members  of  the  associated  societies,  and  other  persons,  are  invited  to  send  to  the  Secretary,  for 
this  department  of  the  Journal,  such  matters  of  general  interest  as  may  come  to  their  notice. 
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This  society,  the  last  of  those  recently  admitted  to  the  Association,  is  far  from 
being  the  least.  Organized  in  1884,  with  a  membership  of  126  members,  it  num- 
bered 219  members  in  1892.  Since  then,  owing  to  the  business  depression  which 
has  prevailed  throughout  the  country,  its  numbers  have  been  reduced  until  it  now 
numbers  about  170  members,  of  whom  about  100  are  resident  in  San  Francisco. 

This,  however,  appears  to  be  one  of  those  societies  which  should  be  estimated 
not  by  number  but  by  weight.  Representing,  as  it  does,  that  remarkable  section  of 
our  country  where  nature  seems  to  have  given  occasion  for  the  exercise  of  engi- 
neering effort  upon  the  grandest  scale  and  in  a  vast  number  of  novel  directions,  its 
membership  has  always  been  made  up  largely  of  giants  in  the  profession. 

The  first  president  of  the  society  was  Col.  George  H.  Mendell,  of  the  U.  S. 
Engineer  Corps,  whose  paper  describing  the  use  of  concrete  at  Fort  Point  was 
printed  in  our  Journal  for  March.  He  was  ably  seconded  in  his  official  duties  by 
the  late  George  J.  Specht,  the  first  vice-president,  who  was  one  of  the  founders  of 
the  society,  if  not,  indeed,  its  father. 

The  recent  remarkable  progress  of  the  society  is  attributed  to  the  activity  and 
earnestness  of  Mr.  John  Richards,  past  president,  a  mechanical  engineer  of  wide 
reputation  and  unusual  skill,  two  jiapers  from  whose  pen  will  appear  in  an  early 
number  of  the  Journal.  Mr.  Richards'  paper  on  Abrasive  Processes  in  tlie 
Mechanic  Arts,  jjublished  in  the  Transactions  of  the  Society  for  1891,  is  regarded 
as  one  of  the  most  interesting  and  valuable  of  the  society's  papers,  and  one  which 
tnay  justly  be  called  classic.  Mr.  Richards  is  at  the  same  time  editor  of  Industries, 
a  well-known  magazine  devoted  to  science,  engineering  and  the  mechanic  arts. 

The  regular  meetings  of  the  society  are  held  on  the  first  Friday  evening  of 
each  month. 

The  society's  papers  will  now  reach  an  audience  many  times  greater  than  ever 
before,  and  it  is  confidently  hoped  that  its  influence  will  be  even  more  widely 
recognized  and  appreciated. 


Tlie  Engineers'  Society  of  Western  Pennsylvania. 

This  very  important  society  is  now  considering  the  advisability  of  becoming  a 
member  of  the  Association  of  Engineering  Societies. 

In  the  Journal  for  January,  our  Librarian,  reviewing  the  January  number  of 
the  proceedings  of  this  society  in  which  tiie  cost  of  "printing  and  binding"  for 
1894  was  given  as  11388.50,  assumed  that  these  figures  covered  simply  the  cost  of 
issuing  the  proceedings,  and  instituted  a  comparison  showing  that  their  cost  on  this 
basis  was  $3.94  per  page  as  against  $3.26  for  the  Journal  of  our  Association. 
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Since  then,  however,  he  has  learned  from  the  secretary  of  the  Western  Penn- 
sylvania Society  that  the  sum  named  included  a  re-issuing  of  tlie  proceedings  to 
each  member  at  the  end  of  the  year,  the  preparation  of  circulars  and  meeting 
notices,  etc.,  etc.,  leaving  only  $594.15  as  the  cost  of  publication  of  the  ten  monthly 
numbers  issued  during  the  year. 

On  this  basis,  the  task  of  demonstrating  the  economy  of  co-operation,  although 
still  an  easy  matter,  is,  of  course,  materially  less  simple  than  before. 

As  stated  in  our  January  Journal,  the  total  number  of  pages  of  the  society's 
proceedings,  including  advertisemetils,  blanks,  covers,  etc.,  was  352,  making  the 
cost  per  page  $1.69,  while  the  1290  pages  of  our  Journal  cost,  for  the  corresponding 
items,  $3.26  i)er  page,  or  nearly  100  per  cent  more. 

The  pages  of  the  society's  proceedings,  however,  excepting  tliose  devoted  to 
advertisments  and  covers,  are  in  small  pica  and  average  about  365  words  each, 
whereas  our  papers  are  set  in  long  primer  and  average  about  513  words  per  page, 
while  the  nonpareil  pages  of  our  index  la-^t  year  contained  100  more.  The  94 
pages  (not  including  advertisements)  of  our  October  Journal,  which  is  a  fair 
examjjle,  averaged  524  words  each. 

Reducing  the  two  publications  to  the  same  number  of  words  per  page,  we  have 
S2.43  as  the  cost  of  a  page  of  the  Society  })roceedings,  as  against  our  $3.26. 

It  must  be  borne  in  mind  again,  however,  that  our  aggregate  membership  last 
year  was  nearly  1200,  as  against,  say  450  for  the  Western  Penns3'lvania  Society. 
Taking  this  into  cousiJeralion,  we  find  that  with  pages  of  equal  size  the  cost  per 
100  member-pages  to  the  Western  Pennsylvania  Society  and  to  our  Association  were 
54  cents  and  27  cents  respectively. 

Or,  reciprocally,  ass  iming,  for  convenience,  that  all  the  pages  of  the  two  publi- 
cations average  respectively  524  and  365  words  per  page,  we  find  that  the  1290 
pages  of  our  Journal,  supplied  to  nearly  1200  members  at  a  cost  (covering  corre- 
sponding items)  of  $4,205,  furnish  over  192,000  member-words  per  dollar,  while  the 
352  p:iges  of  the  Society  proceedings,  supplied  to,  say  450  members,  furnish  less 
than  98,000  member-words  per  dollar. 

It  appears  that  the  cost  per  member  per  annum  to  the  Society  in  question  is 
now,  say  §1.32,  whereas  the  cost  to  the  members  of  the  societies  in  the  Association 
for  the  same  items  during  last  year  was  about  $3.50,  or  nearly  three  times  as  great ; 
and  in  the  case  of  a  society  wiiich  was  barely  holding  its  own  financially  this  would 
of  course  be  an  important  consideration,  however  desirable  it  might  be  to  be  furn- 
ished with  over  five  times  tlie  amount  of  matter,  at  less  than  three  times  the  cost ; 
but  to  a  society  so  eminently  prosperous  as  the  one  we  are  considering,  it  would 
seem  that  this  consideration  should  have  but  little  weight. 

It  is  nee  Uess  to  point  out  that  the  foregoing  comparison  takes  into  considera- 
tion merely  the  ?)ia.ss  of  material  furnished,  with  no  regird  to  its  character  or 
variety,  and  that  however  valuable  the  proceedings  of  any  one  society  maybe,  it  is 
of  great  importance  to  its  members  that  they  should  have  furnished  them,  in 
addition  to  their  own  i)apers,  the  results  of  the  work  of  eleven  other  societies, 
including  those  of  Boston,  Chicago,  Cleveland,  St.  Louis  and  San  Francisco,  espe- 
cially when  the  union  between  these  societies  extends,  as  ours  does  now,  from  the 
Atlantic  to  the  Pacific  and  from  Virginia  on  the  south  to  Montana  on  the  north. 
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Canals  Joiuiiig  Lake  Erie  and  the  Oliio  River. 


Cincinnati  and  Pittsburg  are  active  in  the  promotion  of  schemes  for  ship 
canals  to  connect  their  respective  cities  witli  Lake  Erie,  and  thus  with  the  St.  Law- 
rence River  and  the  ocean. 

In  February,  1894,  Mr.  M.  D.  Burke  read,  before  the  Engineers'  Chib  of  Cin- 
cinnati, a  paper  outlining  the  project  for  a  ship  canal  from  Cincinnati  to  Toledo, 
and  setting  forth  its  importance.  The  old  Miami  and  Erie  canal  now  connects  the 
two  cities,  crossing  a  summit  393  feet  above  Lake  Erie  and  513  feet  above  low  water 
in  the  Ohio  at  Cincinnati.  It  is  believed  that  by  introducing  a  system  of  slack- 
water  navigation  in  the  Miami  and  Maumee  Rivers,  emptying  respectively  into  the 
Ohio  and  into  the  Lake,  and  by  similarly  improving  the  Licking  River,  which  flows 
northward  through  Kentucky  into  the  Oliio  op])osite  Cincinnati,  an  outlet  will  be 
afforded  for  the  soft  coals  of  the  eastern  Kentucky  fields. 

Mr.  Burke  makes  an  earnest  protest  against  the  commonly  accepted  statement 
that  canals,  as  transportation  lines,  have  been  superseded  by  the  railroads.  While 
this  may  be  true  in  itself,  Mr.  Burke  urges  that  the  disadvantages  under  which  the 
canals  have  labored  should  be  taken  into  consideration. 

The  Pittsburgers  are  considering  the  construction  of  a  canal  from  their  city  up 
the  Ohio  and  Beaver  Rivers  to  the  junction  of  the  Sheuango  and  Mahoning,  just 
below  Newcastle.  From  this  point  two  principal  alternative  routes  are  being  con- 
sidered, one  via  the  Shenango  reaching  the  lake  at  Conneaut,  the  other  via  the 
Mahoning  to  Geneva,  near  Ashtabula. 

The  provisional  committee  on  engineering,  consisting  of  five  members,  of  whom 
Mr.  Thomas  P.  Roberts,  Chairman,  and  Messrs.  W.  L.  Scaife  and  E.  M.  Bigelow  are 
members  of  the  Engineers'  Society  of  Western  Pennsylvania,  have  made  a  prelimi- 
nary investigation  of  the  country  embracing  these  routes  and  have  made  a  gener- 
ally favorable  report  upon  the  project.  The  length  of  either  route  would  be  approxi- 
mately 130  miles.  The  summit  is  316  feet  above  the  Ohio  at  Pittsburg  and  443 
feet  above  Lake  Erie. 

While  it  would  of  course  be  premature  to  make  a  close  estimate  of  the  cost  with- 
out actual  surveys,  the  committee  submits  a  preliminary  estimate  making  the  total 
cost  $26,500,000,  in  round  numbers. 


Electrical  Ileatina;. 


At  a  meeting  of  the  Engineers'  Club  of  Philadelphia  on  April  20th,  Mr.  J. 
Chester  Wilson  presented  a  paper  upon  this  subject. 

He  referred  to  the  use  of  the  arc  lamp  by  Cowles  fift}'  years  ago  for  obtaining 
heat  in  reducing  aluminum.  Electric  flat-irons  and  glue-pots  were  shown,  employ- 
ing the  incandescent  principle,  and  various  forms  of  street-car  heaters  using  the 
same  principle  were  described  and  illustrated. 

In  the  discussion  it  was  stated  that  the  Niagara  Construction  Company  oiTers 
to  supply  power  in  Buffiilo  at  the  rate  of  $22  00  per  horse-power  per  year,  the 
power  to  be  maintained  constantly  through  the  twenty-four  hours. 

Mr.  Carl  Hering  referred  to  the  electric  heating  of  the  Vaudeville  Theatre  in 
London,  which,  he  understood,  involved  no  increase  in  the  expense. 

In  reply  to  the  suggestion  that  while  electric  heating  might  do  for  trolley  cars 
in  temperate  climates  like  that  of  Philadelphia,  it  would  be  found  wanting  in  more 
northern  cities,  Mr.  James  Ciiristie  stated  that  in  Canada  he  had  found  cars  heated 
fairly  comfortably  while  the  thermometer  was  at  30°  below  zero. 
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Does  Cast-iron  Expand  or  Contract  at  the  Moment  of 
Solidification  ? 


Tlie  Collector  had  the  good  fortune  to  attend  a  meeting  of  the  Engineers' 
Society  of  Western  Pennsylvania  on  April  ISth,  when  Mr.  E.  D.  Estrada  described 
a  series  of  experiments  he  had  made  with  the  purpose  of  answering  this  question. 
Mr.  Estrada  referred  to  the  experiments  of  Robert  Mallett,  described  before  the 
Royal  Society  in  1874,  from  which,  finding  that  the  specific  gravity  of  the  molten 
iron  was  less  than  that  after  solidification,  he  inferred  that  contraction  took  place  in 
solidifying.  In  1879  and  1880,  Mr.  Wrightson  appeared  to  have  demonstrated, 
before  the  Iron  and  Steel  Institute  of  Great  Britain,  that  the  reverse  of  this  was 
true,  and  that  the  iron  increased  in  volume  in  the  process  of  solidification. 

Mr.  Estrada  placed  a  wrought-iron  tube  in  the  center  of  a  flask  and  then  sur- 
rounded the  tube  with  molten  iron.  When  the  tube  became  red  hot  it  was  filled 
flush  with  liquid  iron  from  a  hand  ladle.  Immediately  after  the  tube  had  been 
filled,  the  upper  surface  of  the  iron  in  it  was  chilled  by  means  of  waste  previously 
soaked  in  cold  water.  Soon  after  this,  molten  iron  began  to  ooze  from  the  top  of 
the  tube,  solidifying  quite  readily.  From  this  and  from  other  and  nearly  similar 
experiments  with  like  results,  Mr.  Estrada  arrived  at  an  aflBrmative  answer  to  the 
question  proposed. 

It  was  suggested,  however,  during  the  discussion,  that  the  oozing  out  of  the 
molten  metal  from  the  top  of  the  tube  might  have  been  due,  not  to  its  own  expan- 
sion, but  to  the  contraction  upon  it  of  the  tube  containing  it. 


THE  LIBRARY. 


It  is  proposed  to  notice  briefly,  in  this  department  of  tlie  Journal,  such  engineering  publications 
as  may  liud  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  works  for  review,  to  state  the  prices  of  same. 


Tlie  Wasliiug'tou  Bridge. — The  Library  has  received,  with  the  cora- 
pliiuents  of  the  author  and  of  Mr.  Leo  Von  Rosenberg,  publisher,  New  York,  a 
copy  of  Mr.  William  R.  Mutton's  monumental  work  bearing  the  above  title.  It  is 
so  well  and  so  favorably  known  to  the  profession  that  anything  like  a  review  of  it 
at  this  day  would  scarcely  be  in  order,  but  no  apologies  will  be  needed  for  express- 
ing here  our  thanks  for  the  compliment. 

Meteorology.     By  Thomas  Russell,  U.  S.  Assistant  Engineer.     Macmillan  & 

Co.,  New  York  and  London,  1895.     8vo.     $4.00. 

This  book  will  be  found  convenient  as  a  work  of  reference.  The  phenomena 
of  weather  are  here  defined,  and  what  is  known  respecting  them  is  ably  and  con- 
cisely stated.  The  degree  of  reliability  of  forecasting  from  various  classes  of 
phenomena  is  discussed.  Thirty-five  pages  are  devoted  to  instruments,  their 
sources  of  error  and  corrections  and  proper  exposure,  and  about  fifty  pages  to 
weather  maps  and  forecasting.  Rivers,  floods  and  river-stage  predictions  are  fully 
treated.  Twenty  typical  weather  maps  are  reproduced,  and  sixty  more  show 
average  depth  and  frequency  of  rain  during  days  before  and  after  the  occurrence  o' 
such  weather  as  is  represented  by  each  of  the  twenty  typical  maps.  The  maps  are 
printed  in  three  colors.  The  book,  in  its  make-up,  is  a  model  of  what  such  a  work 
should  be. 

Asplialtimi.  Natural  — ,  and  its  Compound.  A  paper  pre[;ared  for  the 
use  of  the  professors  and  students  of  the  Rensselaer  Polytechnic  Institute  at  the 
request  of  the  Rensselaer  Society  of  Engineers.  By  J.  W.  Howard,  B.L.,  C.E., 
Troy,  N.  Y.     27  pages. 

The  author  has  set  for  hini'^elf  tiie  task  of  presenting  in  convenient  form  the 
facts  which  every  one,  or  at  least  every  engineer,  must  want  to  know  about  asi)hal- 
tura  and  its  various  combinations,  and  he  has  used  excellent  judgment  in  his  selec- 
tions. The  various  forms  under  which  as[)haltum,  or  asphalt,  appears,  are  defined, 
and  their  properties  and  principal  localities  are  stated.  The  paper  closes  with  a 
history  of  the  development  of  the  asphalt  industry  and  a  brief  synopsis  of  its  statistics. 

Society  Proceedings. 

American  Society  of  Civil  Engineers.    Transactions  of  the .    Vol.  XXXIII, 

No.  2,  February,  1895. 

This  number  is  devoted  to  the  presentation  of  a  notable  pa])er  by  Mr.  William 
Hamilton  Hall,  describing  the  Santa  Ana  Canal  of  the  Bear  Valley  Irrigation 
Co.  in  San  Bernardino  Co.,  Cal. 

The  main  object  of  the  canal  is  to  take  water  from  the  Santa  Ana  River,  rein- 
forced, when  necessary,  daring  irrigation  months,  by  waters  drawn  from  the  storage 
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reservoir  within  the  river's  watershed  in  the  San  Bernardino  Mountains,  and 
supply  it  for  irrigation  and  domestic  uses  throughout  some  45,000  acres  of  the 
northern  portion  of  the  San  Jacinto  Plateau  or  Valley.  The  work,  like  others 
in  that  remarkable  country,  calls  for  a  number  of  operations  of  the  most  striking 
and  picturesque  character,  including  three  pressure  pipes  of  redwood  staves  bound 
with  round  steel  rods,  and  working  under  heads  of  150  feet  or  more.  The  work 
is  very  thoroughly  illustrated,  not  only  by  scale  drawings  but  by  very  striking  photo- 
grai>hic  views. 

Fkanklin  Institute.     Journal  of  the .     Philadelphia,  April,  1895. 

This  number  contains  a  paper,  by  Mr.  Vaughan  Merrick,  describing  and 
illustrating  the  City  Avenue  liighway  bridge  over  the  Schuylkill  River  at  Phila- 
delphia. Mr.  L.  Y.  Schermerhorn,  President  of  the  American  Dredging  Co., 
contributes  a  lecture  on  the  Rise  and  Progress  of  River  and  Harbor  Improvement 
in  the  United  States. 

The  Institute,  which  has,  almost  from  its  beginning,  occupie  1  a  small  and 
utterly  inadequate  building  in  the  older  business  portion  of  the  city,  is  now  making 
a  determined  and  promising  eflbrt  to  place  itself  in  quarters  where  it  will  have 
some  opportunity  of  demonstrating  its  eminent  usefulness,  and  the  number  before 
us  contains  a  valuable  historical  and  statistical  ske'ch  of  the  Institute  and  of  its 
activities,  prepared  by  the  Secretary,  Dr.  William  H.  Wahl. 

E^fGINEERs'  Society  of    We-jterk    Pennsylvania.      Proceedings  of  the  . 

Vol.  XI,  No.  3.     March,  1895. 

The  feature  of  this  number  is  a  valuable  paper  by  Mr.  Harry  J.  Lewis,  on  "  Soft 
Steel  for  Bridges,"  accompanied  by  tables  showing  what  is  required  of  steel  in 
various  bridge  specifications  at  the  present  time  as  compared  with  those  of  two 
years  ago. 

The  tables  show  a  marked  progress  in  the  recognition  of  the  advantages  of  soft 
steel,  and  a  decided  movement  in  favor  of  the  use  of  the  open-hearth  process.  The 
paper  was  discussed  at  considerable  length  by  Messrs.  Emil  Swensson,  Max  J. 
Becker,  A.  D.  Wilkins  and  others,  including  the  President,  Mr.  Thomas  H.  Johnson. 

Alabama    Industrial    and    Scientific   Society.     Proceedings   of   the  . 

Vol.  II,  No.  4,  1894. 

By  an  awkward  typographical  error,  the  proceedings  here  given  are  set  down  as 
being  those  of  December  14,  1895.  The  number  contains  papers  on  Spathite  Iron, 
by  M.  C.  Wilson  ;  Dust-Catcher  Refuse,  by  William  B.  Phillips;  and  The  Forma- 
tion of  Cyanides  in  the  Blast  Furnace,  by  C.  A.  Meissner. 

Spathite  iron  is  said  to  be  made  only  at  Florence,  Ala.,  and  from  an  ore  which 
comes  only  from  Iron  City,  Tenn.  The  name  seems  to  have  been  unfortunately 
chosen,  inasmuch  as  the  ore  is  not  a  true  spathite,  but  a  mixture  of  red  hematite 
with  carbonate  of  lime. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 


Association 

OF 

Engineering  Societies. 


Orgariized  1881. 


Vol.  XIV.  MAY,  1895.  No.  5 

This  Association  is  not  responsible  for  the  subject-matter  contributed  by  any  Society  or  for  the  state- 
ments or  opinions  of  members  of  the  Societies. 


THE  INDUSTRIAL  PROBLE3I  OF  THE  PACIFIC  COAST. 


I.    Address  of  tlie  Retiring-  President, 

Mr.  C.  E.  Grunsky. 


[Read  January  19,  1895.*] 

In  giving  v,ay  to  your  uewly  elected  President,  I  desire  to  express 
my  appreciation  of  the  interest  manifested  at  all  times  by  the  member- 
ship in  the  work  of  the  Society,  and  to  thank  the  individual  members 
of  the  several  Boards  of  Directors  for  faithful  help  and  earnest  endeavor 
to  keep  this  a  progressive  organization,  with  a  steadily  increasing  field 
of  usefulness. 

Our  meetings  have  been  well  attended  and  there  has  been  abundant 
material  offered  for  discussion,  through  which  we  have  been  kept 
in  touch  with  the  progress  being  made  on  this  coast  in  the  practical 
application  of  science. 

It  is  not  my  purpose  at  this  time  to  attempt  a  review  either  of  the 
several  papers  read  before  us,  nor  of  the  scientific,  architectural  or 
engineering  work  on  this  coast,  but  in  view  of  the  general  depression  of 
business,  particularly  in  certain  pursuits  in  which  this  State  is  interested, 
notably  general  farming,  horticulture,  viticulture  and  manufacturing,  it 
may  not  be  out  of  place  to  venture  a  conjecture  as  to  the  field  in  which 
further  development  will  be  most  rapid  on  this  coast. 

*  Manuscript  received  Ai)ril  25,  1895. — Secretary,  As^s^n  Ewj.  Socs. 
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It  must  be  apparent  to  every  one  that  the  low  prices  of  manufac- 
tured articles  as  well  as  of  products  of  the  soil  indicate  general  over- 
2)roduction. 

It  will  take  years  before  any  great  betterment  of  prices  by  reason 
of  an  adjustment  of  production  to  demand  can  be  brought  about,  and 
this  adjustment  must  mean  either  the  abandonment  of  many  of  the  less 
favored  industries  or  a  reduction  of  wages,  unless  means  be  found  to 
increase  consumption  of  products. 

It  is  not  therefore  probable  that  our  most  rapid  development  of  re- 
sources is  to  be  sought  in  the  direction  of  increasing  products  of  sjjecu- 
lalive  farming  or  of  general  manufactures,  even  though  the  lack  of 
profit  in  speculative  farming  may  compel  tlie  introduction  of  more 
diversified  field  crops. 

The  industry  which  l)ids  fair  to  be  stimulated  directly  by  general 
business  depression  instead  of  suffering  thereby,  is  mining,  and  particu- 
larlv  gold  mining.  The  fall  in  price  of  raw  materials,  manufactures  and 
wages  means  nothing  else  than  a  rise  in  the  value  of  the  metals  used  as 
mediums  of  exchange. 

Preferred  investments  for  capital  will  therefore  be  made  in  the 
direction  of  reopening  such  old  mines  as  can  now  be  profitably  worked, 
new  mines  will  be  sought  for  and  developed,  and  the  field  for  such 
operations  on  this  coast,  and  jiarticularly  in  California,  is  exceptionally 
good. 

But  in  suggesting  jwssibilities  of  improvement  in  the  mining  in- 
dustry, I  do  not  wish  to  be  understood  as  encouraging  that  portion  of 
the  business  which  is  confined  to  the  stock  exchange,  but  mining  as  a 
legitimate  business,  which,  in  view  of  the  almost  virgin  condition  of  the 
greater  portion  of  the  mineral  fields  on  this  coast,  may  be  said  to  be  still 
in  its  infancy. 

Hand  in  hand  with  the  development  of  the  mining  industry  and  as 
a  factor  in  making  such  development  possible,  will  come  the  utilization 
of  ])o\ver  to  be  generated  by  the  flow  of  our  mountain  streams.  By 
electric  transmission  it  can  be  delivered  at  those  points  where  it  will  be 
of  greatest  service  in  reducing  cost  of  manufactures,  it  will  enable  and 
encourage  the  establishment  of  industries  which,  without  it,  would  have 
been  impossible. 

In  these  two  directions,  mining  and  power  development,  combined 
with  electrical  transmission,  and  in  the  general  tendency  which  seems 
manifest  throughout  this  coast  for  municipalities  to  have  their  own 
water  and  light  works,  the  engineer  sees  a  ray  of  hope  for  increased 
demand  for  professional  services. 

And  now  a  word  about  the  general  business  depression.  Over- 
production is  only  another  name  for  a  lack  of  consumers  of  our  product^ 
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and  it  is  clearly  evident  that  a  reduction  in  the  cost  of  production  is  not 
tlie  most  desirable  remedy  with  which  to  correct  the  prevailing  low 
prices.  This  reduction  would  mean  either  a  reduction  of  w^ages  of  labor 
directly  employed  in  production,  or  reduction  of  the  expense  of  market- 
ing the  product,  consequent  upon  which  there  must  follow  reduction  of 
wages  of  the  employees  of  transportation  companies  and  of  merchants. 

Permanent  relief  then  should  be  sought  in  another  direction,  in  the 
direction  of  increasing  the  number  of  consumers,  though  not  necessarily 
by  seeking  new  markets.  It  is  well  known  that  the  method  of  increas- 
ing consumption  by  bringing  this  country  into  direct  competition  with 
countries  where  low  wages  are  the  rule,  can  have  but  one  result — the 
gradual  but  inevitable  reduction  of  wages  to  the  lowest  standard,  deter- 
mined on  the  basis  of  nearness  to  foreign  markets,  coupled  with  the 
iufliction  of  injury  upon  the  industries  of  other  countries,  or,  2)ossibly, 
other  sections  of  our  own  country.  The  increase  of  consumers  should 
rather  be  secured  by  increasing  the  pi'oportion  of  pojjulation  engaged  in 
non-producing  pursuits. 

Assume  for  a  moment  that  our  present  system  of  indirect  taxation 
be  comjjletely  abolished,  except  in  so  far  as  made  necessary  for  the  j^ro- 
tection  of  manufacturing  industries,  and  all  revenue  for  the  support  of 
Government  be  secured  l)y  a  system  of  direct  and  equitaljle  taxation, 
and  that  under  intelligent  and  judicious  direction  large  suras  of  monev 
be  expended  in  the  execution  of  jiublic  works,  and  for  purposes  of  scien- 
tific research,  and  in  the  interest  of  education,  the  result  would 
be  that  all  the  money  thus  expended  would  be  put  into  the  hands  of 
non-producers;  it  would  come  into  circulation  through  the  best  possible 
channels ;  it  would  be  paid  out  principally  for  labor,  and  through  the 
laborer  it  would  find  its  way  to  the  butcher,  the  baker,  the  manufacturer 
of  clothing,  of  shoes,  of  hats,  and  through  these  again  to  other  dealers 
and  agents  and  laborers  innumerable,  yet  all  consumers  of  each  others' 
products  and  all  jointly  interested  in  maintaining  a  large  and  rapid 
circulation  of  money,  a  great  volume  of  exchange  of  products. 

The  time  will  conje  when  we  must  depend  almost  exclusively  upon 
a  home  market  for  our  products,  and  all  legislation,  all  agreements  with 
foreign  powers,  should  be  shaped  with  this  fact  in  view.  To  have  some- 
thing to  sell  to  our  neighbors  is  certainly  desirable,  but  to  have  to 
abandon  the  fertile  wdieat  fields  of  our  great  central  valley,  the  fruit 
farms  of  our  coast  counties  and  foothill  regions,  the  vineyards  of  Sonoma 
and  Fresno,  the  orange  groves  of  central  and  southern  portions  of  the 
State,  merely  because  the  market  beyond  the  limit  of  the  United  States 
is  closed  to  our  product,  w^ould  certainly  be  a  calamity,  and  it  is  well  to 
be  prepared  to  avert  this  calamity. 

There  are  now  annually  expended  by  the  United  States  for  river 
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and  harbor  improvements  about  §20,000,000.  This  money  is  expended 
for  salaries,  general  expenses  and,  through  contractors,  for  labor.  All  of 
those  depending  upon  the  expenditure  of  this  money  for  a  livelihood, 
again  expend  practically  all  of  it  for  necessaries  and  comforts  of  life. 
In  the  form  of  profit  it  becomes  a  factor  in  building  up  the  wealth  of 
individuals. 

But  if  money  be  taken  by  equitable  taxation  from  those  who  have 
by  accident  or  natural  qualification  been  placed  in  a  position  to  accum- 
ulate beyond  their  immediate  personal  needs  and  desires,  then  the  more 
that  be  taken  and  put  into  circulation  through  such  channels  as  the  con- 
struction of  public  works,  the  greater  must  be  the  general  prosperity  of 
the  nation.  This  remains  true  entirely  independent  of  the  aggregate 
amount  of  money  in  actual  circulation. 

Suppose  for  a  moment  that  the  business  of  the  country,  national, 
state,  municipal  and  individual  were  conducted  on  the  basis  of  a  rapid 
instead  of  a  slow  circulation  of  the  medium  of  exchange,  it  would  give 
the  money-getter  increased  opportunities,  fully  equal  to  the  increased 
taxation  necessary  to  accomplish  this  ;  it  would  increase  the  opportunity 
for  earning  a  livelihood  by  physical  and  mental  etfort ;  it  would  stimulate 
varied  production  by  the  agriculturalist  with  a  tendency  to  less  specula- 
tive farming  ;  it  would  have  the  best  possible  effect  on  the  advancement 
of  civilization,  the  betterment  of  the  human  race ;  it  would  engender 
permanency  of  our  industrial  conditions. 

It  has  always  been  the  policy  of  our  government,  national  and  local, 
when  times  are  hard,  and  business  is  depressed,  to  reduce  taxation,  to 
curtail  expense,  to  cut  down  salaries,  to  enforce  the  gradual  degradation 
instead  of  the  elevation  of  the  nation.  This  policy  is  wrong,  yet  it  must 
be  admitted  that  there  has  been  some  excuse  for  it.  Under  our  system 
of  indirect  or  unequal  taxation,  supplemented  by  fraudulent  assessment, 
the  sudden  reversal  of  this  policy  would  for  a  time  at  least  bear  too 
heavily  ,upon  the  very  best  element  of  our  commonwealth,  upon  the 
citizen  whose  entire  savings  are  represented  by  the  home  which  shelters 
his  family  and  which  is  always  taxed  proportionately  far  in  excess  of  large 
holdings  and  of  property  not  as  tangible  as  real  estate. 

But  let  direct  taxation  for  national  purposes  be  once  introduced,  as 
it  could  be  without  material  expense  in  the  matter  of  collection  of  taxes, 
and  it  will  not  be  long  before  means  will  be  found  to  secure  from  the 
wealthy  their  full  quota. 

Self-interest  should  prompt  every  citizen  of  the  United  States  to 
favor  such  a  policy  as  here  briefly  indicated. 

The  opportunities  for  judicious  great  increase  uf  expenditures  in  so 
far  as  the  general  government  is  concerned,  will  readily  suggest  them- 
selves. 
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Public  works,  such  as  river  aud  iiarbor  improvements,  coast  defenses, 
the  construction  of  war  vessels,  the  maintenance  of  an  efficient  navy  and 
armv,  the  maintenance  of  bureaus  for  research:  agricultural,  geological, 
astronomical,  orographic,  hydrographic,  hydrometric,  meteorological ; 
the  construction  of  public  roads,  canals,  railroads,  the  liberal  support  of 
institutions  of  learning,  and  for  the  study  and  encouragement  of  the  fine 
arts,  are  but  a  few  of  the  many. 

Such  a  policy  would  by  no  means  impoverish  the  nation,  no  matter 
what  limit  be  set  for  the  annual  expenditure,  pi'ovided  that  due  consid- 
eration be  alv/ays  given  to  the  necessity  of  keeping  the  money  expended, 
at  home;  a  circulation  of  money  must  be  established  similiar  to  the  cir- 
culation of  the  blood  in  the  human  body.  Government  may  be  likened 
to  the  human  heart.  By  an  equitable  system  of  taxation  it  should  cause 
a  steady  flow  of  money  toward  its  coffers,  and  by  honest  expenditure  for 
purposes  as  above  indicated,  a  healthy  return  flow  should  be  maintained, 
which  would  be  felt  to  the  limits  of  the  land. 

To  some  extent  this  i^olicy  prevails  abroad.  Look  at  France,  at 
England,  at  Russia,  at  Germany,  and  consider  for  a  moment  the  enorm- 
ous expense  entailed  by  the  maintenance  of  armies  aud  navies.  The 
question  may  well  be  asked:  is  such  maintenance  a  burden?  and  there 
can  be  but  one  answer.  The  expense  of  maintaining  armies  will  never 
bankrupt  any  nation  of  varied  resources  so  long  as  it  be  maintained  by 
home  products.  This  expense  may  be  likened  to  the  fly-wheel  of  the 
steam  engine,  it  keeps  the  affairs  of  the  people  in  smooth  grooves.  The 
host  of  people  supported  at  national  expense  as  non-producers,  affords 
the  market  for  the  products  of  the  reduced  number  of  producers.  The 
taxation  for  the  maintenance  of  the  army  is  not  oppressive,  so  long  as 
that  very  army  enables  the  producer  to  make  a  profit,  which  would 
otherwise  be  out  of  his  reach.  But  in  our  own  case  it  is  not  necessary 
to  maintain  a  numerous  army  in  order  to  increase  the  proportion  of  non- 
producing  population,  it  can  be  done  in  much  more  useful  directions  as 
already  suggested. 

It  appears,  therefore,  that  all  money  expended  by  the  nation  ihr 
useful,  ennobling  work,  should  not  be  considered  a  national  expense  at 
all.  The  money  thus  expended  not  only  serves  as  an  agent  to  create 
public  buildings,  works  of  art  or  a  good  war  vessel,  as  the  case  may  be, 
but  by  supporting  non-producers  it  is  of  direct  benefit  to  every  producer 
and  wage  earner  in  the  country,  and  every  time  it  is  withdrawn  from 
those  who  are  hoarding  it  and  is  sent  forth  again  for  distribution  to  those 
who  have  been  less  fortunate  in  making  their  labor  profitable,  it  repeats 
its  good  work. 

Without  any  attempt  to  elaborate  this  idea  it  does  appear  that  the 
prosperity  of  the  country  should  not  be  measured  by  the  money  in  circu- 
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latiou,  but  that  it  is  rather  the  product  of  the  amount  by  the  rate  at 
which  it  is  made  to  circuh\te,  aud  that  every  well-regulated  country  has 
it  in  its  power  to  control  the  rate  of  circulation,  by  equitable  taxation 
and  liberal,  well-distributed  expenditures. 


THE  IXDUSTRIAL  PROBLEM  OF  THE  PACIFIC  COAST. 


II.   InaUi^iiral  Address  of  tlie  President, 

Mr.  George  \V.  Dickie. 


[Read  January  19,  1895.*] 

Members  aud  associates  of  the  Technical  Society  of  the  Pacific 
Coast : 

I  consider  it  an  honor  to  be  selected  by  you  to  preside  over  the  des- 
tinies of  this  Society  fur  the  coming  year,  although  you  may  not  be  doing 
yourselves  an  honor  by  such  a  selection. 

I  am  afraid  that  my  only  qualification  for  this  office  is  an  earnest 
desire  to  see  this  Society  realize  the  hopes  of  its  warmest  friends.  If 
this  desire  of  mine  could  only  be  combined  with  the  wisdom  required  to 
bring  about  the  realization  of  these  hopes,  we  would  begin  to-night  to 
make  progress  towards  a  wider  field  of  usefulness  than  we  have  hitherto 
occupied.  It  is,  therefore,  to  be  hoped  that  your  board  of  directors  will 
be  able  to  supply  my  lack  of  wisdom,  and  thus  realize  your  brightest 
hopes. 

Finding  myself  in  the  position  that  demands  that  I  should  address 
you  to-night  on  some  subject  that  would  in  some  way  touch  on  the  many 
and  important  interests  represented  by  the  members  of  this  Society,  I 
began  to  bethink  me  how  I  could  best  meet  that  demand.  It  is  the  usual 
custom  for  such  addresses  to  take  the  form  of  a  review,  showing  the 
progress  made  during  the  year  past,  in  the  sciences  or  industries  repre- 
senting the  work  in  Avhich  the  Society's  members  are  engaged  ;  but,  in 
looking  over  the  past  year  for  some  inspiration  from  the  application  of 
science  to  the  advancement  of  the  industries  of  the  Pacific  Coast,  I  have 
found  little  to  encourage  me  to  make  that  alone  the  theme  of  my  dis- 
course. 

It  will  profit  us  nothing  to  go  on  discussing  the  technical  details  of 
engineering  or  chemical  science  in  its  application  to  any  of  the  indus- 
tries now  existing  or  likely  to  be  established  in  our  State,  if  such  industries 
are  not  surrounded  by  conditions  favorable  to  their  existence.  What 
would  we  think  of  a  doctor  who,  when  called  upon  to  resuscitate  a 
drowned  person,  should  begin  to  doctor  up  the  external  injuries,  rubbing 

*  Manuscript  received  April  25,  1895. — Secretary,  Ass'n  Eng.  Soca. 
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liniment  on  a  bruise  here,  and  binding  up  a  wound  there,  instead  of 
devoting  his  whole  attention  to  getting  the  breathing  and  circulatino- 
organs  to  perform  their  proper  functions  ? 

The  immediate  duty  of  this  Society,  and  of  all  similar  oro-aniza- 
tions  that  come  into  touch  with  the  material  interests  of  this  State,  is  to 
help,  by  every  means  in  their  power,  in  tlie  creation  of  a  sound,  vigorous 
and  patriotic  sentiment  in  regard  to  the  development  and  expansion  of 
every  interest  that  naturally  should  live  and  thrive  amongst  us. 

The  time  and  conditions  are  upon  us  when  we  must,  for  a  time  at 
least,  give  up  the  discussion  of  small  questions  of  technical  detail,  and 
join  in  a  grand  and  general  movement  for  the  revival  and  extension  of 
the  industrial  and  commercial  interests  of  the  Pacific  Coast.  Joining  in 
such  a  movement  may  not  be  quite  in  keeping  with  the  proper  functions 
of  this  Society,  but  when  the  existence  of  our  industries,  and  with  them 
the  extension  of  our  commerce,  is  in  danger,  the  discussion  of  technical 
matters  of  detail  relative  to  any  branch  of  either  of  them  is  simplv  an 
evidence  that  those  interested  are  too  busy  with  their  own  individual 
concerns  to  pay  any  attention  to  the  general  problems  that  at  present 
confront  us. 

The  exact  method  or  manner  in  which  we  are  to  work  is  not  the 
main  question  with  those  of  us  who  have  been  struggling  to  establish 
industries  in  this  State,  but  whether  we  are  to  have  the  chance  to  work 
at  all,  is  the  question  of  to-day  with  which  w^e  stand  face  to  face.  This 
is  not  an  industrial  or  a  technical  question  ;  it  is  a  community  question, 
and  an  affirmative  answer  must  be  the  result  of  laying  aside  individual 
selfishness  and  fostering  of  enterprises,  the  prosecution  of  wdiich  tend  to 
the  development  of  our  material  interests  as  a  communitv. 

lam  fully  alive  to  the  difficulty  of  bringing  about  anything  like  a 
unity  of  sentiment  inacomnumity  like  ours,  built  up  of  material  from  all 
parts  of  the  earth,  whose  habits  of  thought  and  methods  of  work  are  as 
widely  apart  as  the  places  from  whence  they  came.  And  yet,  this  very 
thing  must  be  brought  about  before  our  commercial  or  industrial  enter- 
prises can  become  prosperous  or  enduring. 

As  an  illustration  of  how  the  particular  method  of  doing  a  thing 
will  often  become  the  subject  of  discussion,  instead  of  the  vital  question 
as  to  wdiether  the  thing  should  be  done  at  all  or  not,  I  will  give  the  fol- 
lowing from  a  paper  of  mine  read  before  the  last  meeting  of  the  Society 
of  Naval  Architects  and  Marine  Engineers  in  New  York : 

"  There  is  a  grand  opportunity  fur  the  establishment  of  a  great 
American  steamship  line  in  the  trade  between  San  Francisco  and  New 
New  York  via  the  Straits,  taking  in  the  principal  seaports  of  the  South 
American  Continent.  We  believe  that  a  business  could  be  built  up  to 
admit  of  two  steamers  per  month,  having  a  general  freight  capacity  of 
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6,000  tons  each.  These  vessels  should  have  speed  enough  to  insure  Co- 
day  trips,  and  should  have  first-class  accommodations  for  a  limited  num- 
ber of  cabin  passengers  between  way  ports.  They  should  have  cold 
storage  compartments,  and  such  a  subdivision  of  cargo  space  as  would 
permit  of  a  varied  assortment  of  general  products  being  carried.  They 
should  be  designed  so  that  in  case  of  need  the  Government  could  use 
them  for  cruiser  transports.  They  might  also  be  partly  or  altogether 
manned  by  a  naval  reserve  force,  and  thus  form  an  excellent  base  of 
supply  for  the  Navy.  Such  a  line  would  opeu  up  gi-eat  possibilities, 
both  to  our  merchants  and  jDroducers,  and  eventually  would  give  us 
South  America  for  a  customer.  In  order  to  make  such  a  line  a  success 
the  ships  must  be  first-class  in  every  detail  and  especially  designed  for 
the  work.  They  must  have  regular  sailing  days,  not  too  far  apart,  and, 
in  order  to  provide  for  these  essentials.  Government  aid  would  be  neces- 
sary for  a  number  of  years.  This  might  be  in  the  form  of  a  mail  sub- 
sidy, or  a  mileage  rate,  but  should  be  liberal  enough  to  insure  a  high- 
class  service.  The  money  thus  spent  would  be  as  nothing  compared  to 
the  benefits  that  would  result  to  the  trade  of  the  country,  especially  that 
of  California." 

Quite  a  number  of  Eastern  technical  papers  have  been,  since  the 
reading  of  this  paper,  discussing  that  part  of  it  just  quoted,  but  not  with 
the  view  of  stirring  up  a  sentiment  favorable  to  this  and  kindred  enter- 
prises, having  for  their  object  the  extension  of  our  commerce  ;  but  first 
one  and  then  another  has  devoted  its  space,  and  drawn  the  attention  of 
its  readers  from  the  main  question,  by  discussing  the  technical  details  of 
the  plans  by  which  I  propose  to  carry  out  such  an  enterprise.  One 
said,  "  Your  ship  must  have  twin  screws  and  no  masts."  Another  said, 
"  You  must  have  tramp  steamers  of  the  cheapest  type,  there  being  no 
need  of  carrying  passengers,"  and  another  said,  "  There  was  no  need  for 
cultivating  South  American  trade,  and  therefore  no  need  to  stop  at  way 
ports,"  while  still  another  claimed  that  it  would  be  wrong  for  the  Gov- 
ernment to  help  an  enterprise  when  California  was  to  receive  the  benefit. 

Now,  my  object  was  not  to  advocate  this,  that  or  the  other  kind  of 
tool  for  doing  the  work,  but  to  point  out  the  necessity  for  the  work  being 
done,  and  to  bring  about  in  the  minds  of  those  best  able  to  carry  out 
such  an  undertaking,  the  determination  to  join  forces  and  do  it. 

Our  mercantile  houses  and  manufacturing  establishments  are  suffer- 
ing from  atrophy,  which,  if  not  arrested,  will  result  in  a  gradual  extinc- 
tion of  all  enterprise.  This  process  is  now  going  on,  and  the  sad  part 
of  it  is  that  as  first  one  and  then  another  enterprise  has  to  be  abandoned, 
others  seem  to  think  that  the  closing  out  of  their  neighbor  and  competi- 
tor will  in  some  mysterious  way  be  an  advantage  to  their  business. 

This  selfish  indifference  to  the  sreneral  condition  of  the  trade  or  Indus- 
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try  ill  which  the  iudividuai  may  be  engaged  or  interested  as  long  as  his 
own  particular  business  survives,  is  the  principal  obstacle  standing  in 
the  way  of  a  general  revival  of  industry  and  commerce  in  our  State. 

The  general  apathy  so  prevalent,  and  which  is  so  fatal  to  all  our 
material  interests,  must  be  dispelled  before  any  revival  of  trade  can  be 
expected. 

There  should  be  an  understanding  amongst  ourselves  as  to  what 
industries  naturally  belong  to  this  State,  and  these  should  be  fostered 
and  protected.  Wise  legislation  is  required  in  order  to  encourage  the 
establishment  amongst  us  of  such  industries  as  the  natural  products  of 
the  State  would  warrant  us  in  believing  would  cause  to  become  strong 
and  prosperous. 

Public  burdens  should,  as  far  as  possible,  be  removed  from  indus- 
trial enterprises,  the  jn'osecutiou  of  which  requires  the  employment  of 
great  numbers  of  skilled  and  unskilled  people. 

It  is  such  establishments  that  create  values  that  in  time  become  the 
foundations  of  all  public  revenue,  and  to  weaken  or  destroy  the  source 
from  which  these  values  spring,  is  to  kill  the  goose  that  lays  the  golden 

egg- 

The  great  question  of  transportation  has,  during  the  past  two 
or  three  years,  kept  our  merchants  and  producers  in  a  continual  state 
of  excitement  without  any  permanent  satisfactory  result.  The  reason 
of  this  unsatisfactory  result  is  the  same  want  of  unity  of  aim  and 
action  on  the  part  of  those  interested,  greatly  aggravated  by  a  stupid  fight 
against  what  are  called  the  exactions  of  the  Southern  Pacific  Company. 
This  company,  with  all  its  allied  interests,  in  my  opinion,  is  the  only 
thing  of  life  in  our  State  to-day,  and  if  it  owes  its  vitality  and  j^ower  to 
the  subjugation  of  all  other  interests,  it  has  simply  succeeded  in  doing 
what  every  business  man  tries  to  do,  and  its  success,  like  all  other  suc- 
cesses of  the  same  character,  is  not  so  much  owing  to  the  superior  skill 
and  enterprise  of  its  managers,  although  that  is  no  doubt  of  a  high 
character,  but  largely  to  the  want  of  enterprise  and  united  action  on  the 
pait  of  those  who  are  loudest  in  their  complaints  against  the  power  that 
holds  them  in  subjection.  Naturally,  California  is  well  fitted  to  be  a 
great  commercial  and  manufacturing  state,  with  a  climate  well  adapted 
to  the  prosecution  of  every  kind  of  manufacture.  With  a  soil  that  richly 
repays  the  labor  bestowed  upon  it,  and  set  right  in  the  centre  of  its  great 
coast  line,  one  of  the  finest  harbors  of  the  world,  why  should  we  not  take 
a  better  position  than  we  do  now  in  the  manufacturing  industries  of  this 
country,  and  in  the  commerce  of  the  world?  Our  merchants,  most  of 
whom  came  here  from  the  Eastern  States  to  open  branches  of  houses 
established  there,  have  kept  on  doing  business  with  their  faces  turned 
toward  the  East ;  have  built  their  business  houses  with  their  fronts  facing 
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in  the  same  directiou,  and  standing  in  their  front  doors,  wondering  what 
has  become  of  their  business.  They  can  see  nothing  but  the  railroad, 
with  the  towns  along  its  route  getting  their  supplies  from  the  west-bound 
trains,  because  they  happen  to  be  at  the  far  end  of  it. 

Now,  if  these  merchants  would  just  turn  their  business  houses  around 
so  as  to  face  the  other  way,  they  would  be  at  the  beginning  of  the  rail- 
road instead  of  being  at  the  end  of  it,  and  loaded  trains  would  leave  their 
back  doors,  instead  of  empty  cars  standing  at  their  front  doors,  and  the 
railroad  would  do  just  as  well  hauling  east  as  hauling  west. 

It  is  not  necessary  here  to  point  out  the  means  by  which  this  change 
is  to  be  accomjjlished.  I  have  already  done  this,  as  far  as  the  matters  on 
which  I  have  any  knowledge  are  concerned ;  but  my  proposals  have 
hitherto  been  in  advance  of  any  desire  on  the  part  of  our  merchants  to 
profit  by  them. 

To-night  I  desire  to  enlist  all  the  members  of  this  Society  and  all  those 
whom  they  can  influence  in  a  united  eflbrt,  to  help  revive  the  manufactur- 
ing industries  of  this  State,  and  the  commerce  of  San  Francisco.  Every 
influence  has  an  effect,  and  we  can  all  do  something  in  this  direction. 
Consulting  Engineers  should  advise  their  clients  in  regard  to  favoring 
the  products  of  our  establishments.  Nothing  but  an  inability  to  produce 
the  article  required  should  be  an  excuse  for  its  being  made  elsewhere. 
We  can  never  be  j^i'osperous  until  we  supply  a  larger  percentage  of  our 
requirements  from  the  results  of  our  own  labor.  A  large  portion  of  the 
youth  of  our  State  are  now  growing  up  in  a  condition  of  enforced  idle- 
ness, which  adds  to  the  already  heavy  burden  of  the  few  who  have  the 
opportunity  to  work.  "We  are  opeuiug  schools  for  manual  training  in 
the  mechanical  arts,  and  at  the  same  time  closing  our  workshops. 
What  good  will  come  of  teaching  trades  in  our  schools  and  not  fostering 
the  practical  application  of  such  knowledge  in  our  industries'?  There 
is  a  young  generation,  to  say  nothing  of  their  fathers,  begging  at  our 
shop  doors  to-day  for  the  opportunity  to  earn  a  living  at  their  trade; 
but  the  industrial  Avheels  are  either  stopped  or  moving  so  slowl}-  that 
there  is  no  chance  for  them  to  work,  and  this  in  a  young  State  with  vast 
resources  undeveloped,  and  which,  from  her  position,  should  control  the 
trade  of  the  Pacific. 

The  Technical  Society  may  not  be  able  to  accomplish  very  much 
in  the  direction  herein  indicated  directly,  but  such  societies  have  an 
immense  power  indirectly.  Our  mend)ers  are  being  constantly  brought 
into  contact  with  business  men  representing  large  interests,  and  their 
advice  and  opinion  very  often  goes  much  further  than  the  party  giving 
it  is  aware  of.  Let  our  influence  be  exerted  continuously  in  the  one 
direction  of  helping  by  every  means  in  our  power  the  growth  and 
development  of  our  home  industries.      Well-directed  eflforts  patiently 
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kept  lip  by  technical  men  will  ultimately  result  in  the  formation  of  a 
sentiment  that  will  pervade  the  whole  community,  making  legislation  in 
the  right  direction  possible,  and  when  once  our  people  undei'stand  the 
possibilities  latent  in  the  resources  of  this  great  State,  there  will  be  an 
awakening  of  dormant  industries.  Our  merchants  will  find  new  markets 
for  the  products  of  our  skill,  and  instead  of  driving  labor  from  the  closed 
doors  of  our  factories,  we  w'ill  be  inviting  the  idle  hands  of  other  States 
to  help  us  meet  the  wants  of  customers  in  every  land  that  looks  on  the 
Pacific. 
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THE  RELATIOX  OF   KAILIIOAD  TRAXSPORTATIOX  TO 
PEODLCTIOX  IX  CALIFORNIA. 


By  R.  L.  Dunn,  Civil  Engineer. 


[Read  September  7,  lS94.t] 

In  the  Sacramento  Record-Union  of  March  11,  1892,  appeared  a 
paper  entitled  "California  Landholdings,"  written  by  Mr.  W.  H.  Mills, 
who  is  a  prominent  official  of  the  Southern  Pacific  Company.  Though 
in  it  there  is  no  reference  to  railroads  or  to  railroad  transportation  in 
California,  singularly  enough,  and  probably  unintentionally,  it  is 
specially  of  value  as  it  throws  light  on  railroads  and  railroad  transpor- 
tation in  California.  Surprisingly,  because  written  by  a  Southern 
Pacific  official,  it  is  the  most  complete  and  correct  statement  of  the 
results  of  the  Southern  Pacific  Company's  business  policy  that  has  yet 
appeared  in  print,  and  more  conclusive  and  impressive  in  this  year  of 
1894  than  when  written  in  1892. 

It  is  only  fair  to  state  that  the  writer  seems  to  have  been  utterly 
unconscious  of  a  possible  significance  of  his  elaborately  gathered  facts 
and  statistics  other  than  that  presented  by  him.  That  they  have  a 
definite  relation  to  the  Southern  Pacific  Company's  rates  of  fare  and 
freight,  is  recognized  by  Colonel  R.  S.  Morgan  in  his  report  to  the  Rail- 
road Commissioners,  Messrs.  Beckman,  Rea  and  Litchfield,  in  1892,  in 
which  report  he  embodies  a  portion  of  Mr.  Mills'  paper  as  an  exhibit, 

*  Before  reading  his  paper  Mr.  Dunn  said  : 

Some  two  years  since,  in  connection  with  my  profession  as  a  civil  engineer,  I 
was  engaged  in  investigating  the  irrigation  problem  in  Placer  County,  Cal.,  and  I 
wanted  to  demonstrate,  to  men  who  had  lands  that  could  be  cultivated,  the  desira- 
bility of  irrigation.  I  examined  the  assessment  rolls  of  the  county  to  ascertain  the 
difference  between  the  value  of  lands  that  were  irrigated  and  of  those  that  were  not. 
In  making  this  examination  I  came  across  a  number  of  other  things  of  interest  on 
the  records,  from  which  I  made  several  tables.  Just  about  that  time  William  H. 
Mills,  of  the  Southern  Pacific  Company,  read  a  paper  before  the  Chit  Chat  Club  of 
this  city,  entitled  "  Large  California  Landholdings."  This  was  printed  in  the 
Sacramento  Record- Union,  and  afterwards  in  pamphlet  form,  and  circulated  all 
through  this  State.  It  happened  that  it  was  precisely  the  point  that  I  had  been 
investigating,  and  as  the  result  of  reading  that,  and  as  the  result  of  my  investiga- 
tions, I  prepared  this  paper.  I  have  remodeled  it  somewhat,  so  as  to  bring  it  a 
little  closer  to  the  times  and  the  date,  and  have  entitled  it,  not  "  Landlioldings  in 
California,"  but  "The  Relation  of  Railroad  Transportation  to  Production  in 
California." 

t  Copy  received  April  25, 1895. — Secretari/,  Ass'n  of  Eivj.  Socs. 
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and  iu  his  argument  uses  the  facts  it  states  as  a  reason  why  the  rates  of 
fare  and  freight  should  not  be  reduced,  but  must  be  maintained. 

Mr.  Mills  in  his  paper,  by  compilations  of  statistical  figures  taken 
from  the  census  of  population,  shows  a  decrease  in  population  of  certain 
of  the  agricultural  sections  of  the  State,  and  by  another  set  of  statistical 
figures  taken  from  the  county  assessment  rolls,  establishes  as  the  cause 
of  this  decrease  of  population,  the  increase  of  large  landholdings  through 
the  consolidation  of  Ismail  landholdings.  Had  the  statistical  figures  of 
the  freight  and  passenger  traffic  of  the  Southern  Pacific  Company  for 
the  same  time  and  territory  been  given,  the  paper  would  have  had  the 
value  of  completeness  as  well  as  correctness.  Apparently,  however,  Mr. 
Mills  if  he  had  these  last  statistics  in  mind  at  all  in  preparing  his  paper, 
considered  them  only  as  expressing  one  of  the  unfortunate  effects  of  the 
decrease  of  jDopuIation  and  of  the  increase  of  the  monopoly  of  the  land, 
and  therefore  not  relevant,  either  to  the  consideration  of  the  cause  of 
that  decrease  of  population  and  increase  of  land  monopoly,  or  to  the 
remedies  desirably  to  be  applied. 

Mr.  Mills  states  as  a  conclusion  from  his  statistical  figures  and 
general  argument,  that  the  land  monopoly  developing  in  California  is 
in  the  highest  degree  prejudicial  to  the  best  interests  of  society  and  the 
State,  in  that  it  is  not  only  decreasing  population  and  wealth,  but  is 
sapping  at  the  very  foundations  of  our  political  institutions.  Kealizing 
the  necessity  of  society  and  the  State  destroying  land  monopoly  before 
land  monopoly  destroys  society  and  the  State,  he  proposes  certain  legis- 
lation as  the  justifiable  and  desirable  corrective  to  be  applied.  Con- 
sidering the  cause  of  land  monopoly  in  California  to  be  the  rapid  accu- 
mulation of  wealth,  that  seeks  investment  in  land  largely  for  the  security 
alone,  and  the  facility  with  which  land  can  be  made  the  pledge  for 
borroAved  money,  his  proposed  legislation  would  make :  first,  the  use  of 
land  as  security  for  debt  practically  impossible ;  second,  the  future 
accumulation  of  wealth  in  land  illegal ;  and  third,  would  force  the  dis- 
tribution of  land  already  so  accumulated  by  prohibiting  its  succession 
by  will.  Questioning  all  of  this  proposed  legislation,  I  realize  that  a 
discussion  of  it  is  profitless  except  as  the  statement  of  fact  on  which  it  is 
based  is  correct. 

Is  the  cause  of  land  monopoly  in  California  what  jNIr.  Mills  states 
it  is,  or  is  there  some  other  cause?  Or,  stating  the  question  in  another 
form,  are  Col.  Morgan  and  the  Railroad  Commissioners  right  in  saying 
that  the  decreasing  population  and  increasing  land  monopoly  justify  the 
rates  of  freight  and  fare  imposed  by  the  Southern  Pacific  Company,  or 
are  they  wrong '?  Are  decreasing  population  and  increasing  land  mo- 
nopoly the  causes  of  the  condition  of  fares  and  freights,  or  is  not  the  fact 
that  the  condition  of  fares  and  freights  is  the  cause  of  decreasing  popu- 
lation and  increasing  land  monopoly  ? 
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Mr.  Mills  emphasizes  the  undesirable  social  condition  forced  on  the 
small  landholder  as  being  the  cause  that  eventually  displaces  him  to 
increase  the  mono]>oly  of  the  land.  This  small  landholder,  he  very  truly 
says,  is  deprived  of  opportunities  of  education  and  society  for  himself 
and  his  children,  and  must  live  a  socially  unpleasant,  isolated  life.  This 
social  condition,  however,  is  itself  an  effect  of  the  real  underlying  cause, 
which  is  the  undesirable  business  condition  of  his  small  landholding.  It 
does  not  pay.  And  it  is  because  small  landholding  has  become  more  and 
more  unprofitable  that  it  has  become  undesirable  and  has  been  given  up, 
schools  and  churches  disappearing  with  it.  Anywhere  in  the  State  where 
small  landholders  are  engaged  in  general  farming  and  the  production  of 
the  staples  the  same  story  will  be  told.  Farming  does  not  pay,  and  the 
small  landholder  is  anxious  to  sell.  For  this  condition  of  not  paying 
there  are  several  causes,  some  generally  known  and  recognized,  and  others 
not.  There  is  no  question  but  that  the  great  plains  of  the  Sacramento 
and  San  Joaquin  Valley  no  longer  yield  as  much  wheat  to  the  acre  as 
fifteen  years  since,  and  their  production  of  wool,  hide  and  meat  is  less  in 
even  greater  ratio.  There  is  no  longer  a  relatively  large  local  market 
of  people  who  are  not  producers  of  agricultural  commodities,  the  mining 
communities  of  this  State  and  Nevada,  and  the  local  market  that  remains 
is  partially  supplied  with  the  surplus  of  outside  points  of  production.  All 
staple  agricultural  products  are  lower  in  sale  value  in  the  outside  markets 
of  the  world  through  the  competition  of  cheaper  areas  of  production. 
General  business  conditions  have  so  changed  that,  quality  being  the  same, 
the  large  producer  has  invariably  the  advantage  of  the  market  over  the 
small  producer.  'Where  the  small  producer  has  to  accept  in  transporta- 
tion the  general  tariff  of  the  railroad,  the  large  producer  can  frequently 
get  special  rates.  Car,  storage  and  shipping  facilities  are  given  to  the 
large  producers,  that  the  small  one  must  pay  for  and  sometimes  cannot 
get  by  paying  for.  The  difference  of  rates  between  carloads  and  frac- 
tional carloads  is  to  the  constant  business  disadvantage  of  the  small  pro- 
ducer. The  large  producer  gets  free  transportation  frequently,  the  small 
one  never.  Most  serious  of  all,  the  rates  of  transjiortation  for  the  dis- 
tinctively small  farm  products,  butter,  eggs,  poultry,  vegetables  and 
fruit,  which  bring  higher  prices  per  unit  than  the  stables,  are  such  that, 
so  far  as  the  producer  is  concerned,  they  are  no  more  profitable.  The 
extent  and  value  of  farm  improvements,  averaged  to  the  acre  of  farm, 
are,  as  a  rule,  inversely  proportional  to  the  total  of  the  acreage.  Small 
farms  have  several  times  the  amount  to  the  acre  that  the  large  farms 
have.  Personal  property  appurtenant  to  the  farms  has  the  same  acre 
relation.  The  acre  of  the  small  farm  is  thus  burdened  with  a  heavier 
flat  investment  than  the  acre  of  the  large  farm,  and  is  taxed  annually 
on  that  excess  of  burden. 
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The  direct  tax  ou  land  determined  by  its  acre  assessment  can  be 
made,  and  is  more  often  than  otherwise  made  to  favor  the  large  land- 
holder. Each  acre  of  the  small  landholding  has  absolutely  a  larger 
burden  of  capitation  taxes,  poll,  than  the  acre  of  the  large  landholding, 
and  absolutely  a  larger  voluntary  tax  for  the  supjjort  of  churches  and 
semi-public  institutions,  and  for  fees  and  charges  to  public  officers. 
The  direct  farm  cost  of  production  of  staples  is  less  per  unit  on  a 
large  landholding  than  ou  a  small  one,  simply  because  the  labor  is 
cheaper. 

No  one  of  the  preceding  differences  is  very  many  dollars  in  itself, 
or  very  many  cents  in  acre  charge,  but  the  aggregate  of  them  all  is 
large.  It  is  distinctly  to  the  disadvantage  of  the  small  landholder. 
Comparing  the  acre  cost  of  production,  taking  all  these  items  into 
account,  there  is  a  much  smaller  margin  of  acre  profit  for  the  small 
landholding  than  for  the  large  landholding.  And  it  is  possible  for  a 
depression  of  sale  values  permanently,  or  for  a  temporary  fluctuation 
even,  to  wipe  out  entirely  the  margin  of  acre  profit  for  the  small  land- 
holding,  and  still  leave  a  margin  of  acre  profit  for  the  large  landholding. 
This,  in  fact,  is  exactly  what  has  been  hajjpening  during  the  last  fifteen 
years.  The  margin  of  j^rofit  for  the  acre  in  small  landholdings  has 
become  entirely  wiped  out  or  so  nearly  so  that  the  farming  of  small 
landholdings  has  become  surely  unprofitable,  and  as  a  logical  and 
business  necessity  they  have  become  undesirable.  The  margin  of  profit 
for  the  acre  of  large  landholdings  has  been  materially  cut  down,  but 
the  large  landholders  have  maintained,  or  tried  to  maintain,  their 
aggregate  net  income  by  increasing  the  number  of  acres  from  which  to 
draw  it. 

It  is  this  last  tendency  that  Mr.  Mills  has  observed  in  the  statistics, 
and  which,  utterly  out  of  touch  with  the  men  who  own  and  work,  he 
calls  the  desire  to  own  land  for  its  security  as  an  investment  and  as  a 
basis  for  loans.  In  reality  the  tendency  is  the  expression  of  the  instinct 
of  self-preservation,  the  desire  to  survive  by  the  line  of  least  resistance 
against  conditions  becoming  more  and  more  adverse.  That  this  ten- 
dency persists  is  due  to  the  fiict  that  the  larger  landholdings  have  or 
have  had  surplus  incomes  that  can  be  applied  to  increase  acreage  even 
Avhen  the  small  farm  becomes  unprofitable.  The  small  farm,  unprofit- 
able by  itself,  becomes  profitable  as  part  of  the  large  farm  simply 
because  the  load  of  its  occupancy  by  the  small  landholder  is  taken  off. 

The  primary  incentive  to  the  acquirement  of  wild  land  is  the  antici- 
pation of  profit  through  a  rise  in  value,  this  rise  in  value  being  what 
is  termed  the  unearned  increment.  It  is  the  increase  due  to  the  devel- 
opment or  anticipated  development  of  the  earning  power  in  excess  of 
current  interest  on  the  primary  investment,  being  the  capitalization  of 
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that  excess  of  iucome  at  curreut  interest.  In  farming  lands  the  amount 
of  this  increase  is  of  necessity  dejDendent  on  the  character  of  culture 
and  improvement  possible  and  on  location  with  reference  to  centres 
of  trade  and  population  and  channels  of  communication.  Soil  and 
climate  determine  the  most  desirable  kind  of  product  for  the  land,  and 
on  its  mean  annual  profit  is  established  its  basis  of  value.  Here  in 
California  the  product  has  been  wheat.  An  examination  of  land  values 
anywhere  in  the  wheat-groAving  sections  will  show  them  based  almost 
exclusively  on  the  acre  product  of  wheat,  and,  except  in  isolated  dis- 
tricts, entirely  independent  of  the  cost  of  transportation  or  distance  from 
centres  of  trade  and  population.  The  values  thus  determined  twenty 
and  more  years  ago  have  been  fairly  constant  as  the  rate  of  current  in- 
terest has  been  steadily  decreasing,  and  as  fluctuations  in  the  sale  value 
of  wheat  w^ere  practically  compensated  to  the  producer  by  the  flexibility 
of  the  freight  rates  to  the  markets  of  Europe.  The  primary  purchase 
price  per  acre  being  very  small,  wheat  productions  gave  incomes  that 
were  interest  on  suras  several  times  the  flat  investment.  It  was  not 
uncommon  for  the  first  crop  to  pay  back  the  cost  of  land  and  of  all  the 
improvements. 

The  minor  farm  products  having  the  local  market  free  from  the 
competition  of  the  surplus  production  of  the  East  were  also  very  profit- 
able. The  limit  of  value  for  these  lands  was  rapidly  reached,  and  for 
many  years  past  their  desirability  came  to  depend  wholly  on  the  amount 
and  certainty  of  their  net  income-producing  power.  This,  however, 
instead  of  remaining  constant,  has  decreased  so  much  that  the  consoli- 
dation of  the  small  farms  with  the  adjacent  large  ones  has  been  forced. 
The  decreasing  current  interest  rate,  by  maintaining  the  exchange  value 
of  the  land,  has  operated  to  conceal  the  cause.  So,  too,  has  the  anticipa- 
tion of  the  development  of  an  increased  earning  power  through  a  change 
of  production.  The  business  results  of  farm  culture  during  1893  and 
1894  have  swept  away  illusions,  and  the  cause  of  our  permanent 
industrial  and  business  depression  is  clearly  in  evidence.  Land  mon- 
opoly and  decreasing  population  are  simply  effects,  the  ultimate  and 
worst  effects,  of  the  cause  of  that  industrial  and  business  depression. 

It  is  people  who  make  a  country.  It  is  the  possibility  and  profit 
of  production  that  attracts  people.  That  kind  of  production  which 
attracts  and  supports  the  largest  number  of  people  is  the  most  desirable. 
Wealth  is  the  net  gain  of  production  over  consumption,  established  into 
relatively  imperishable,  but  convertible,  products  or  natural  things.  No 
kind  of  production  which  will  not  give  a  net  gain  over  its  consumption, 
which  will  not  produce  wealth,  will  attract  people.  It  will  not  make  a 
country.  Mr.  Mills'  paper  on  "  Large  Laudholdings  "  is  the  first  pub- 
lished recognition  by  any  oflScial  of  the  Southern  Pacific  Company,  that 
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the  uet  gaiu  of  production  over  its  consumption  is  disappearing  for 
California  producers ;  that  their  lands  under  present  conditions  are  not 
wealth-creating  ;  that  they  no  longer  attract  people  ;  that,  in  fact,  people 
are  leaving  them. 

i\[r.  Mills  finds  population  decreasing,  and  with  it  the  acre  pro- 
duction of  the  land.  He  finds  acre  railroad  earnings  are  decreasing, 
and  has  made  a  partial  discovery  of  the  relation  between  population, 
acre  production,  and  acre  railroad  earnings.  In  a  published  letter  to 
Mr.  Huntington  he  makes  public  the  fact  that  wheat  gives  only  a  sixth 
of  a  ton  of  freight  to  the  acre,  and  a  short  haul  at  a  low  rate ;  whereas 
fruit,  another  product  of  the  soil,  gives  a  carload  of  freight  to  the  acre, 
and  a  long  haul  at  a  high  rate.  Though  he  does  not  state  it,  it  is  an 
obvious  conclusion  that  the  exchange  commodities  for  these  products 
have  a  like  ratio  of  earning  to  the  railroad,  and  with  passenger  traffic 
the  ratio  is  even  greater. 

Mr.  Mills  clearly  sees  that  conditions  so  disastrous  to  the  best 
interests  of  society  and  the  well-being  of  the  State — and  to  the  railroad 
— must  be  changed.  He  cleai'ly  sees  that  more  people  and  smaller  land- 
holdings  will  accomplish  the  desired  change. 

As  a  means  of  getting  more  people  in  the  country,  and  inducing 
them  to  cultivate  the  soil,  the  simple  cutting-up  and  sale  of  the  large 
landholdings  is  no  inducement,  and  cannot  be  a  success.  As  a  matter 
of  fact,  the  small  tracts  can  be  had  now,  but  the  desire  to  get  them  does 
not  exist  to  any  marked  degree.  Small  landholding  must  first  be  made 
safely  profitable  before  it  can  be  considered  desirable.  To  be  made 
safely  profitable  the  economy  of  production  must  be  changed  in  the 
direction  of  materially  cheaper  cost  to  the  producer. 

The  sale  value  of  our  great  staple,  wheat,  is  not  determined  by  the 
production  of  California,  but  by  the  demand  in  Liverpool,  and  the  sale 
value  is  fixed  there.  The  sale  value  at  the  point  of  export  in  California, 
tide  water  in  the  Bay  of  San  Francisco,  is  the  Liverpool  value  less 
freight,  interest  and  insurance.  It  is  with  this  sale  value  at  point 
of  export  that  the  California  producer  is  concerned,  and  with  the  items 
and  amount  of  the  cost  of  production  to  that  point.  These  items  of  cost 
of  production  are,  first,  the  farm  cost,  which,  on  the  authority  of  the 
State  Bjard  of  Agriculture,  is  half  a  cent  a  pound  under  conditions  of 
large  acre  yield  on  the  very  largest  landholdings,  and  which  is  certainly 
three-fourths  of  a  cent  under  the  average  conditions  of  acre  yield  and 
area  of  land  ownership  ;  and  second,  the  freight  and  incidental  charges 
of  transportation. 

The  first  of  these  items,  the  farm  cost,  cannot  be  lessened  ;  if  any- 
thing, economy  has  gone  too  far  in  the  attempt.  If  the  cost  of  pro- 
duction is  to  be  lessened,  it  must  be  in  the  second  item,  the  freight,  more 
38 
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specifically  the  railroad  freight,  wherever  the  railroad  is  a  carrier.  As 
sale  values  are  at  the  present  time,  the  railroad  freight  takes  a  portion 
amounting  to  a  third,  and  more  from  wheat  produced  in  the  upper 
San  Joa(|uin  Valley.  So  much,  in  fact,  that  the  sale  value  does  not  even 
recoup  to  the  producer  his  farm  cost  alone,  and  for  the  use  of  the  land 
it  pays  nothing.  If  small  landholding  is  to  be  made  safely  profitable, 
small  farm  products  must  have  the  advantage  in  the  local  markets^ 
which  their  nearness  legitimately  entitles  them  to.  This  advantage  can 
be  assured  if  transportation  charges  be  made  on  the  basis  of  the 
service  rendered  only.  The  present  condition  is  such  that  the  Eastern 
producer  is  admitted  to  the  market  on  more  favorable  terms  as  to  freight 
charges  than  the  local  producer.  If  small  landholding  is  to  be  made 
safely  profitable,  railroad  transportation  charges  must  not  discriminate 
between  classes  of  production.  Also,  must  the  trausportati(ju  of  products, 
as  between  large  and  small  producers,  be  placed  on  an  exact  equality? 
Finally,  such  transportation  rates  should  be  made  on  the  distinctively 
small  landholding  products  exported  from  the  State  as  to  insure  a  profit 
to  the  producer,  despite  the  ordinary  fluctuations  and  uncertainties  of 
the  market.  To  illustrate  this  last,  take  the  case  of  a  25-pound  box  of 
green  peaches  (of  Placer  County),  a  distinctively  small  farm  product. 
The  cost  of  production  to  the  point  of  consumption  is  made  up  of  the 
following  items : 

1.  The  farm  cost,  cultivation,  pruning,  picking  fruit,  parking,  and 

transportation  to  the  railroad  station $0.1.35 

2.  Water  for  irrigation 01 

3.  Bos 07 

4.  Paper  for  wrapping 01 

5.  Putting  into  car 025 

6.  Railroad  freight,  including  ventilator  car  (if  witli   refrigerator 

car  §0.156  additional) 47 

7.  Selling  commission,  7  per  cent 05 

Total  cost  of  production  at  consuming  point $0.77 

That  is,  the  box  of  peaches  must  sell  for  77  cents  to  just  repay  all 
the  cost  of  production.  If  more  than  77  cents  is  received,  93  per  cent, 
of  the  extra  amount  is  profit,  which  is  the  earning  of  the  capital  invested 
in  the  laud  and  trees.  This  extra  amount  is  now  so  small  that  a 
slight  depression  in  the  market  sale  value,  or  a  slight  impairment  of 
quality  incident  to  the  long  transportation,  makes  the  fruit  produce  a 
loss  to  the  grower.  A  margin  over  the  cost  of  production  of  15  cents 
(which  is  more  than  the  average  for  the  last  two  years)  on  a  production 
of  500  boxes  to  the  acre  for  10  acres,  amounts  to  S750.  In  addition  to 
this,  SO. 135  a  box,  S675  for  10  acres,  the  farm  cost  of  production,  comes 
back  in  the  sales  return.     Of  this  last  amount  §150  will  be  the  cost  of 
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keeping  a  horse,  and  $250  wages  and  board  of  extra  labor,  picking  and 
packing,  leaving  $275  for  the  wages  of  the  owner.  This,  added  to  the 
$750,  makes  a  total  net  return  to  the  grower  of  $1,025  per  annum. 

The  same  mechanical  skill  and  intelligence  required  for  the  suc- 
cessful growing  of  fruit  would  bring  to  its  possessor  as  wages,  without 
capital  investment,  in  other  forms  of  industry,  not  less  than  $3  a  day, 
amounting  to  $900  per  annum.  The  difference  between  this  amount 
and  $1,025,  $125  is,  in  reality,  the  total  gross  income  of  his  capital  of 
laud  and  trees,  from  which  must  still  be  deducted  taxes  and  other 
charges  incident  to  the  possession  of  property,  leaving  certainly  not 
more  than  $100  as  the  net  income  of  his  investment  of  10  acres  of  land 
and  orchard.  The  ultimate  valuation  of  that  land  and  improvements 
per  acre,  based  on  this  amount  of  net  income,  money  being  worth  10  per 
cent.,  is  only  $100,  which  just  balances  the  actual  cost  of  the  trees 
brought  to  bearing,  and  leaves  nothing  to  represent  the  value  of  the 
land.  Of  course  the  income  of  $1,025  is,  with  other  things,  an  induce- 
ment for  labor,  but  it  is  absolutely  none  for  the  investment  of  capital  in 
ten-acre  landholdings. 

As  a  fact,  in  this  year  of  1894,  the  profit  margin  is  practically 
wiped  out,  and  growers  will  be  fortunate  who  realize  sufficient  to  repay 
the  farm  cost  of  production.  Undesirable  as  is  this  present  condition, 
the  outlook  for  the  future  is  even  more  unpromising.  The  inevitable 
increase  in  production  of  fruit  must  find  an  increase  in  consumption  to 
absorb  it.  This  means  a  market  among  classes  of  people  that  the  fruit 
does  not  now  reach,  and  to  be  taken  by  them  the  mean  sale  value  must 
be  lower  for  the  whole  production  to  meet  their  ability  to  pay. 

The  future  sale  value  is  then  certainly  less  than  the  present  one, 
just  as  the  present  sale  value  is  less  than  that  of  five  years  ago.  This 
inevitable  decrease  in  sale  value  can  be  compensated  for  and  the  margin 
for  profit  increased  in  only  one  way.  The  cost  of  production  must  be 
reduced,  and  in  absolute  amount  a  considerable  sum.  An  examination 
of  the  several  items  of  the  cost  of  production  given  for  the  box  of 
peaches  will  show  only  one  large  enough  in  amount,  the  freight,  to  be 
materially  reduced.  This,  as  it  now  stands,  is  61  per  cent,  of  the  total, 
where  the  highest  other  single  item,  the  box,  is  only  9  per  cent.  It  is 
clearly  evident  that  unless  the  freight  item  of  cost  be  materially  reduced, 
small  landholdings  producing  fruit  cannot  be  made  safely  profitable, 
and  those  that  now  exist  will  be  absorbed  by  the  larger  landholdings. 

The  peach  has  been  taken  as  the  extreme  favorable  case  for  the 
small  landholder.  It  is  the  peach  that  by  the  profits  of  its  production 
a  few  years  since  has  developed  the  unearned  increment  of  Northern 
California  lands,  just  as  it  has  been  the  orange  that  has  done  a  like 
service  for  the  Southern  California  lands.     It  has  been  the  development 
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of  this  unearned  increment  by  the  profits  of  the  first  in  the  industry 
which  has  made  small  land  holdings  desirable.  In  amount  this  unearned 
increment  has  exceeded  many  times  the  basis  value  of  the  wild  land,  or 
the  land  used  for  staple  production. 

Take  Placer  County,  concerning  which  I  am  best  advised  as  to  the 
facts,  for  an  example.  In  it,  in  1891,  there  were  just  6,000  acres  of 
irrigated  laud  in  about  three-fourths  of  its  maximum  possible  produc- 
tion, that  is,  it  was  not  all  in  full  bearing.  The  figures  taken  from  the 
assessment  roll  show  an  appreciation  in  value,  such  a  development  of 
the  unearned  increment  as  to  seem  hardly  credible.  The  following 
figures  are  made  from  the  assessment  roll  of  1891,  and  include  the 
exclusively  agricultural  land  lying  below  an  elevation  of  1,500  feet, 
being  all  of  the  county  west  of  a  line  drawn  north  and  south  two  miles 
east  of  Auburn.  Mining  claims  and  towns  are  not  included.  The 
landholdings  for  more  ettective  comparison  are  segregated  into  valley  or 
plain  lands,  part  of  the  Sacramento  Valley ;  unirrigated  foothill  farms 
and  irrigated  foothill  farms. 

VALLEY   LANDS. 

Number  of  farms  assessed 225 

Total  acreage 143,386 

Average  acreage  per  farm 637 

Total  assessed  valuation  of  land $1,544,703 

Average  assessment  of  land  per  acre 10.77 

Total  assessed  valuation  of  improvements 153,179 

Average  per  acre 1.06 

Total  land  and  improvements 1,097,882 

Average  per  acre 11.83 

UNIRRIGATED   FOOTHILL   FARMS. 

Number  of  farms  assessed 599 

Total  acreage 85,313 

Average  acreage 142 

Total  assessed  valuation  of  land $1,075,956 

Average  valuation  per  acre 12.61 

Total  assessments  of  improvements 161,684 

Average  per  acre 1.90 

Total  land  and  improvements 1,237,940 

Average  per  acre 14.51 

IRRIGATED   FOOTHILL   FARMS. 

Number  of  farms  assessed 328 

Total  acreage      30,272 

Average  per  farm  (acres) 92 

Average  per  farm  irrigated  (acres) 18.4 

Total  assessed  valuation  of  land $715,501 

Average  per  acre 23.63 

Total  assessed  valuation  of  improvements 334,953 

Average  per  acre 11.06 

Total  land  and  improvements     ....     ■ 1,050,454 

Average  per  acre • •  34.69 
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From  these  figures,  and  those  of  actual  sales,  the  value  of  the 
unearued  increment  of  the  actually  irrigated  and  bearing  foothill  lands 
is  $280  an  acre,  fourteen  times  the  mean  sale  value  of  contiguous  un- 
watered  land  in  the  foothills,  and  fifteen  times  the  mean  sale  value  of 
the  valley  wheat  lands.  The  sale  figures  show  $100  an  acre  additional  as 
the  unearned  increment  of  the  bearing  trees.  The  aggregate  of  these  two 
for  the  6,000  acres  of  irrigated  land  is  $3,800,000,  all  of  which,  and 
another  undetermined  amount  in  town  real  estate  and  improvements,  is 
the  earning  power  created  by  large  net  earnings  from  the  sale  of  the 
small  farm  jiroduct,  fruit.  The  actual  amount  of  this  unearned  incre- 
ment appearing  on  the  assessment  roll  for  the  year  1891  was  $970,000. 
But  the  large  net  earnings  of  the  land  on  which  these  values  were  based 
were  not  the  net  earnings  of  1891,  but  of  preceding  years.  In  1892 
there  was  only  a  small  profit  margin,  as  closely  as  it  can  be  estimated 
about  15  cents  to  the  25-pound  box  of  peaches.  In  1893  even  that  prac- 
tically disappeared,  and  in  this  year  of  1894  it  has  more  than  disap- 
peared. Values  remain,  just  as  they  do  for  the  wheat  lands,  but,  just  as 
in  the  case  of  the  wheat  lands,  they  are  only  a  survival,  what  was,  not 
what  is.  They  were  wealth-producing,  they  are  not  now.  The  possessors 
cling  to  them  only  in  the  hope  of  realizing  on  them  through  a  sale  to 
some  outsider  who  is  not  expert  enough  to  comprehend  the  real  condition. 

The  statistical  figures  already  given,  and  some  others  here  stated, 
furnish  the  basis  for  conclusions  relevant  to  society  as  between  conditions 
of  large  and  small  landholding,  which  are  equally  instructive  with  those 
presented  in  Mr.  Mills'  paper.  The  6,000  acres  of  fruit  farm  lauds  in 
1891  directly  supported  a  population  of  not  less  than  1,500,  and  town 
population  adjacent  of  1,000,  in  addition  contributing  to  the  support  of 
another  distant  population  engaged  in  box-  and  paper-makiug.  The 
85,000  acres  of  uuirrigated  foothill  farms  did  not  maintain  directly  and 
indirectly  more  than  1,100  people.  The  143,386  acres  of  plain  farms 
furnished  support  for  only  1,500  people.  The  density  of  the  supported 
population  is  at  the  rate  of  265  to  the  square  mile  for  the  small  farm 
fruit  area,  and  only  seven  to  the  square  mile  for  the  large  farm  areas. 
The  latter  has  been  for  years  decreasing  in  population,  one  town,  Sheri- 
dan, has  practically  disappeared  in  the  last  ten  years,  and  another,  Rose- 
ville,  is  tending  the  same  way. 

On  the  small  fruit  farms  are  comfortable  modern  dwellings  and 
conveniences,  and  the  surroundings  are  made  attractive,  indicating  leisure 
and  the  accumulation  of  wealth,  or  the  anticipation  of  its  accumulation. 
School-houses  and  churches  are  cheerful-looking  buildings,  and  are  well 
supported.  The  reverse  of  these  facts  is  the  rule  of  the  other  farms  and 
their  localities.  While  mortgages  that  cannot  be  accounted  for,  as  the 
unpaid  balance  of  purchase  price  of  the  land,  expenditure  for  improve- 
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ments,  or  capital  employed  in  other  occupations,  only  amount  to  12  per 
cent,  of  the  assessed  valuation  of  the  improvements  alone  on  the  small 
fruit  farms  ;  on  the  valley  farms  these  mortgages  amount  to  the  entire 
sum  of  assessment  of  improvements,  and  to  9  per  cent,  of  the  assess- 
ment of  the  land  besides.  The  fruit  growers  are  constant  travelers  by 
rail,  the  others  are  not.  The  6,000  acres  of  fruit  farms  furnished,  in 
1891,  1,500  carloads  of  outgoing  products,  and  500  of  incoming  sup- 
plies, more  than  these  figures  rather  than  less.  The  85,000  acres  of 
other  foothill  farm,  and  the  143,386  acres  of  valley  farm,  during  the 
same  year,  furnished  in  outgoing  freight  not  over  500  carloads,  and  in 
incoming  not  over  150.  The  first  pay  high  rates  on  long  hauls,  and  the 
second  pay  for  short  hauls  at  low  rates. 

Placer  County  in  itself  shows  the  undesirable  tendency  toward  the 
growth  of  large  landholdings,  and  in  itself  as  well  as  the  desirable  ten- 
dency toward  the  multiplication  of  small  landholdings.  The  very  close- 
ness of  contact  of  the  two  forces  contrasts  them  the  stronger.  The 
causes  that  have  been  operating  to  make  business  failures  of  one  class  of 
agricultural  industry,  the  causes  that  have  operated  to  make  business 
successes  of  another,  are  alike  comprehensible  and  measurable.  The  rela- 
tion of  these  two  classes  of  causes  to  transportation  is  clearly  defined. 
Nowhere  is  more  clearly  established  the  fact  that  the  underlying  value 
of  a  railroad  is  not  in  its  track  and  rolling  stock,  but  iu  its  people  and 
its  country. 

Now,  if  the  wealth-developing  power,  which  has  made  small  land- 
holdings  desirable,  can  be  maintained  instead  of  disappearing,  popula- 
tion Avill  increase  instead  of  decrease,  the  extension  of  large  landholdiug 
will  be  checked,  and  ultimately  turned  the  other  way.  On  precisely 
even  terms  the  small  landholder  will  beat  the  large  landholder  in  the 
economy  of  production,  and  will  ultimately  displace  him.  It  is  the  cer- 
tainty of  the  maintenance  of  the  developed  values,  and  the  certainty  of 
even  terms  between  individuals,  that  is  wanting.  Neither  exist.  The 
decreased  margin  betweea  the  cost  of  production  and  the  sale  value  of 
the  small  farm  products  has  wiped  out  the  possibility  of  profit,  and  with 
it  the  wealth  development  of  the  small  landholdings.  This  is  realized 
by  the  small  landholders,  and  finds  expression  in  efforts  to  reduce  the 
cost  of  production  along  the  line  of  least  resistance.  Labor  has  been 
reduced  in  remuneration  till  its  compensation  is  so  small  that  further 
yielding  in  that  direction  is  impossible.  The  cost  of  packages  has  been 
pushed  down  to  the  unyielding  point.  No  item  of  cost  has  not  been  too 
small  not  to  have  been  magnified  in  relative  importance  and  efforts  made 
to  reduce  it.  Taxation  has  been  tinkered  with,  and  precisely  the  wrong 
thing  done.  Irrigation  water,  which  takes  the  least  of  the  product  and 
gives  most  in  return,  has  been  made  the  scapegoat  for  failure  of  profit. 
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These  misdirected  efforts  to  reduce  the  cost  of  production,  misdirected 
because  the  aggregate  of  all  of  the  possible  gains  is  iusignificaut  as  com- 
pared with  what  is  necessary,  have  created  an  uncertainty  as  to  the 
future  in  the  minds  of  those  who  should  be  best  able  to  forecast  it,  that 
extends  to  all  business  enterprises  that  otherwise  would  be  put  in  opera- 
tion. Capital  will  not  invest  in  colonization,  irrigation  or  manufactur- 
ing in  the  face  of  this  uncertainty.  The  element  of  security  is  wanting. 
It  is  the  real  reason  why  population  and  small  landholdings  are  decreas- 
ing instead  of  increasing,  for  the  small  owner  of  wealth  is  just  as  anxious 
as  the  large  owner  to  have  security  that  he  shall  keep  what  he  has 
gathered  together. 

The  present  industrial  and  trade  condition  in  California  is  simply  the 
logical  resultant  of  the  persistence  for  the  last  twenty-five  years  of  the 
reckless  business  policy  of  its  great  distributive  agency,  the  Southern 
Pacific  Company.  This  policy  had  its  inception  at  the  close  of  the  time 
and  business  methods  when  the  production  of  California  was  wealth  itself, 
gold  dug  out  of  the  earth,  not  obtained  as  the  difference  of  exchanges  of 
consumable  products.  Taking  all  of  this  gold  it  could,  it  still  left  some 
to  the  producer,  and  the  ultimate  eflfect  of  its  persistence  was  not  fore- 
shadowed. Persisting  in  its  policy  after  the  wealth-producing  power  of 
California  became  less  in  the  gold  taken  direct  from  the  earth,  and  more 
in  thediffereuceof  exchaugesofitssun  and  soil  products,  theamount  taken 
has  closer  and  closer  approached  the  whole  of  this  difference.  The  fruit 
production  development,  commencing  ten  years  ago,  was  to  the  Southern 
Pacific  Company  like  the  old  yield  of  the  gold  mines  comeback  again. 
To  the  producers,  the  people,  who  brought  that  gold  in  from  the  inside, 
what  the  Southern  Pacific  took  while  waiting  for  their  trees  to  bear 
was  a  partof  their  investment  of  capital,  not  a  charge  against  their  gross 
income,  which  would  wipe  out  the  possibility  of  their  being  any  net  in- 
come. The  ultimate  effect  was  not  foreshadowed  to  these  fresh  pro- 
ducers, the  old  ones  drained,  remained  silent,  perhaps  they,  too,  might 
find  fresh  producers.  It  has  been  the  old  fable  of  the  goose  which  laid 
golden  eggs  over  agaiu,  only  California  is  a  bigger  goose  than  the  one  in 
the  fable. 

In  this  year  of  1894  the  logical  resultant  of  the  persistence  of  the 
reckless  business  policy  of  the  Southern  Pacific  Company  is  an  actuality, 
a  fact.  The  earning  power  of  some  of  the  most  sun-blest  laud  on  the 
earth  has  been  pushed  down  below  the  profit  point,  and  the  land  made 
undesirable,  population  has  decreased,  wealth  has  disappeared.  That 
the  business  and  industrial  fabric  stands  at  all  is  only  because  it  is  a 
habit,  its  real  stability  is  that  of  a  soapbubble,  of  wind. 

In  conclusion,  if  California  is  not  to  be  a  failui'e,  action  is  an  im- 
perative necessity.     Great  as  are  her  natural  resources,  the  wealth  they 
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have  produced  so  far,  and  what  is  left  of  their  wealth-creating  power, 
has  been  made  an  appurtenance  of  the  Southern  Pacific  Company.  Not 
producing  anything,  merely  distributive  of  the  energy  of  producers,  as  its 
share  for  that  distribution  it  is  taking  so  much  that  there  is  nothing  left 
for  the  producers.  The  remedy  for  this  condition  is  obvious  and  simple. 
The  Southern  Pacific  Company  must  take  less  of  the  production  than  it 
has  been  taking,  not  a  little  less,  but  a  great  deal  less.  It  must  take  less, 
voluntarily  if  it  will,  if  not  it  must  take  less  by  being  made  to.      It  is 

either  that  remedy,  or  else 

There  is  just  one  other  stage  of  California  landholding.  Mr.  Mills 
does  not  state  it,  but  it  is  just  the  same  inevitable  under  the  persistence 
of  existing  conditions.  The  State  will  have  just  one  land  monopolist — 
the  Southern  Pacific  Company. 


DISCUSSION. 


W.  G.  Curtis  (Member  Tech.  Sec). — The  particular  points  of  the 
subject-matter  covered  by  this  discussion  relate  to  the  question  as  to 
whether  or  not  California  railway  rates  tend  to  promote  land  monopoly, 
and  to  the  effect  of  the  policy  governing  railway  rates  upon  the  growth  of 
Placer  County. 

I  am  glad  the  Technical  Society  thinks  it  proper  to  admit  subjects 
appertaining  to  the  questions  treated  in  Mr.  Dunn's  paper.*  In  its  mem- 
bership the  Society  embraces  a  wide  range  of  industrial  activity,  and 
there  is  no  good  reason  why  we  should  not  deliberate  upon  social  ques- 
tions, and  concern  ourselves  somewhat  with  the  problems  of  political 
economy,  as  well  as  with  the  physical  sciences. 

The  principle  of  inertia,  as  afl^ectiug  social  progress,  is  akin  to  the 
operations  of  the  law  in  physical  nature.  The  industrial  development 
of  a  country,  once  started  in  the  wrong  direction,  can  be  turned  there- 
from only  by  the  application  of  some  force,  Avhich  may,  and  in  times  of 
peace,  is  very  likely  to  be  a  long  time  in  producing  visible  results. 

To  l)egin  with  a  little  familiar  history,  the  first  reference  to  the 
region  now  covered  by  the  State  of  California,  found  by  historians,  is  in 
the  old  Spanish  records  of  a  rejiort  transmitted  by  Cortez  to  Emperor 
Charles  V.  of  Spain,  in  the  year  1524,  wherein  it  is  represented  to  be 
"an  island  rich  in  pearls  and  gold."  The  peninsula  of  California,  now 
known  as  Lower  California,  was  discovered  by  Fortuno  Ximenes  during 
his  expedition  in  Cortez's  ship,  "  La  Concepcion,"  in  1534.  The  name 
"  California  "  seems  to  have  been  first  applied  by  Cortez,  who  found  it  in 
one  of  the  romances  of  chivalry  written  about  the  year  1500,  wherein  it 

*  On  same  subject  read  before  the  Society,  September  7,  1894. 
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was  used  as  the  designation  of  an  island  "  on  the  right  hand  of  the  Indies, 
very  near  the  terrestrial  paradise." 

The  Spanish  voyagers,  Cabrillo  and  Ferrelo,  sailed  along  the  entire 
Coast  of  California  in  the  years  1542-43.  Sir  Francis  Drake,  coasting 
the  eastern  shore  of  the  Pacific  searching  for  the  much  desired  northern 
passage,  supposed  to  connect  the  two  great  oceans,  landed  at  Drake's 
Bay  in  1579.  The  country  was  then  inhabited  by  a  small  number  of 
Indians,  probably  not  exceeding  10,000,  living  in  the  hunting  and  fishing 
stage  of  economic  development. 

Early  in  the  eighteenth  century  there  is  supposed  to  have  been  some 
expedition  to  the  southern  part  of  California  by  the  Jesuits,  but  no  sys- 
tematic settlement  of  the  country  was  accomplished  until  the  year  1769, 
when  the  Mission  of  San  Diego,  in  the  southwestern  corner  of  the  State, 
was  founded  by  the  Franciscan  Monks.  The  Mission  of  Monterey  was 
established  a  year  later,  and  about  a  year  after  this  the  Mission  Dolores 
was  founded  in  this  city. 

In  1805  the  population  of  California,  as  registered  at  nineteen 
missions  and  some  half  dozen  villages,  was  stated  to  be  22,800,  of  which 
20,600  were  native  Indians.  In  1826  the  total  jiopulation  was  stated  in 
the  old  church  records  as  24,614. 

While  the  old  fathers,  almost  simultaneously  with  the  founding  of 
the  mission  churches,  began  on  a  small  scale  the  practice  of  irrigation, 
at  once  planted  many  of  the  present  characteristic  fruits  of  the  State,  and 
otherwise  demonstrated  the  fertile  qualities  of  the  land,  the  country  was 
regarded  by  the  Mexicans  and  Spanish  settlers  as  suited  chiefly  for  cattle- 
raising,  and  when,  in  1848,  by  the  treaty  of  Guadalupe  Hidalgo,  Cali- 
fornia was  ceded  to  the  Uniten  States,  the  latter  took  the  country  pretty 
much  at  the  Mexican  estimate,  as  suited  only  for  pastoral  pursuits. 

Almost  simultaneously  with  this  cession  of  California  to  the  United 
States,  gold  was  discovered,  and  a  year  later  thousands  of  gold-seekers  were 
prospecting  along  the  ravines  and  hillsides,  eager  in  their  search  for  gold, 
but  with  no  thought  of  any  other  productive  capability  of  the  State  than 
cattle  and  precious  metals.  Consequent  upon  this  view,  which  prevailed 
for  many  years  after  the  advent  of  the  gold-seekers  (and  the  writer  well 
remembers  in  Mr.  Dunn's  part  of  the  country,  as  late  as  1864,  the  pre- 
vailing sentiment  among  the  people  was  that  sooner  or  later  the  mines 
would  be  exhausted  aud  the  miners  would  return  to  their  Eastern 
homes,  leaving  the  country  once  more  in  the  possession  of  the  Mexicans 
and  Indians),  our  Government  agreed  to  sustain  the  titles  to  Spanish 
grants,  some  350  in  number,  covering  an  aggregate  area  of  over  8,700,- 
000  acres,  or  from  25  per  cent,  to  30  per  cent,  of  what  the  best  authori- 
ties set  down  as  the  total  arable  area  of  the  State.  These  8,700,000  acres 
cover  the  best  valley  lands  of  California. 
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A  few  far-sighted  Americans,  deserting  the  ranks  of  the  miners  and 
affiliating  with  the  Spanish  grant  owners,  found  many  ways  of  extend- 
ing their  landed  possessions  over  Government  land  and  railroad  grants, 
and  thus  keeping  up  the  holding  of  land  in  great  tracks.  The  salient 
facts  in  this  connection  are  well  set  forth  in  the  paper  referred  to  by  Mr. 
Dunn.  As  a  result  of  this,  when  it  became  apparent,  even  to  the  dullest 
mind,  that  California  was  not  only  a  pastoral  country,  not  only  a  min- 
ing country,  but  a  region  of  almost  unbounded  possibilities  for  the  pro- 
duction of  all  the  fruits  grown  in  the  temperate  and  semi-tropic  regions 
of  the  world  ;  when  it  was  realized  that  the  occasional  peach-tree,  apple- 
tree  and  grape  vine,  successfully  planted  here  and  there  in  front  of  the 
miners'  cabins  in  the  foothills,  as  well  as  the  fig,  the  orange,  the  olive, 
and  other  semi-tropic  trees,  thriftily  growing  around  the  old  mission 
churches,  all  proclaimed  the  capability  of  the  surrounding  country  to 
abundantly  produce  these  and  similar  fruits  ;  and  when  it  was  demon- 
strated that  nearly  everywhere  in  the  State  farms  of  from  10  to  160  acres 
could  be  profitably  cultivated  for  fruit  raising,  the  greatest  obstacle 
standing  in  the  way  was  the  large  landholder,  wedded  to  the  idea  that 
farming  operations  in  this  State  are  feasible  only  on  a  great  scale ;  the 
cattle-raiser  having  his  broad  Spanish  grants  for  pasturage  and  the  grain 
farmer  measuring  his  fields  by  the  thousands  of  acres. 

Fortunately  for  Placer  County  and  many  other  localities  in  the 
State,  the  seeker  after  large  landholdings  did  not  much  value  the  foot- 
hills, so  when  the  time  came  for  beating  the  spear  of  the  miner  into  the 
pruning-hook  of  the  farmer,  lands  lying  along  the  lower  mountain 
slopes  could  still  be  acquired,  in  small  tracks,  from  the  Government  and 
other  sources,  for  horticultural  operations.  According  to  "  Resources 
of  California,"  published  last  year  under  approval  of  the  Governor,  the 
shipments  of  fruit  for  1892  from  Placer  County  aggregated  1,125  car- 
loads. The  same  publication  contains  the  statement :  "  One-fifth  of 
the  deciduous  fresh  fruit  shipments  from  California  to  the  East  in  1892 
Avas  made  from  Placer  County — mainly  from  a  section  12  miles  long 
and  5  miles  wide."  The  gi'eat  capabilities  of  the  foothill  regions  of 
California  are  apparent  when  we  reflect  that  along  the  westerly  flank  of 
the  Sierras,  under  4,000  feet  altitude,  between  Redding  on  the  north 
and  Bakersfield  on  the  south,  their  is  a  belt  of  arable  foothills,  over 
400  miles  long,  all  in  greater  or  less  degree  similarly  capable  of  pro- 
ducing fruit. 

While  the  population  in  some  of  the  agricultural  counties,  where 
large  landholdings  prevail,  has  diminished,  it  is  also  the  case  with  several 
of  the  mining  counties,  which  are  situated  at  such  a  distance  from  rail- 
way transportation  that  they  have  not  developed  their  agricultural 
resources.     Placer  County,  however,  stands  in  the  front  rank  of  the  old 
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mining  counties  which  have  steadily  advanced,  the  population  and 
assessed  valuation  of  real  and  personal  property  from  1870  to  1890 
being  as  follows : 

Year.  PopulatioD.  Assessed  value  real  ami 

personal  property. 

1870  ....  11,357  ....  $4,063,639  00 
1880  ;  .  .  .  14,232  ....  5,774,860  00 
1890     ....     15,101     ....     10,118,060  00 

The  Hon.  Jeremiah  Rusk,  Secretary  of  Agriculture,  doubtless  hav- 
ing just  such  localities  as  Placer  County  in  mind,  said,  after  his  return 
East  from  a  visit  to  this  Coast  : 

"The  enormous  yield  of  the  vineyards  and  orchards  are  facts  which  are  but 
little  known  to  the  majority  of  the  people,  and  but  few  even  of  those  who  know 
them  realize  the  full  meaning.  To  the  Eastern  man  who  has  tilled  the  farms  of 
twenty  and  forty  acres  that  his  father  tilled  before  him,  the  farms  of  this  great  State 
(California)  are  as  legends  of  fairyland,  and  when  told  that,  with  the  same  energy 
he  expends  on  his  forty  acres,  he  can  farm  in  California  four  times  forty  acres,  lie 
becomes  incredulous — he  cannot  imagine  such  farms  as  I  have  seen  in  that  State." 

Mr.  Dunn  puts  the  query :  "  Are  decreasing  population  and 
increasing  land  monopoly  the  cause  of  the  condition  of  fares  and 
freights,  or  is  it  not  the  fact  that  the  condition  of  fares  and  freights  is 
the  cause  of  decreasing  population  and  increasing  land  monopoly?" 
When  contrasted  with  the  Mississippi  Valley  States,  where,  at  the  com- 
mencement of  the  development  of  agricultural  resources,  land  was 
owned  by  the  Government,  and  could  be  obtained  at  the  minimum 
price,  it  is  seen  from  the  foregoing,  that  when  the  agricultural  and  hor- 
ticultural possibilities  of  California  were  perceived  the  land  was  already 
monopolized.  I  am  unable  to  see  where  anything  connected  with,  or 
dependent  upon,  railroad  transportation  runs  in  the  direction  of  favor- 
ing the  aggregation  of  land  into  large  holdings.  Before  the  railroad 
was  constructed,  and  the  cultivation  of  fruit  in  California  for  sale  beyond 
its  borders  was  made  possible  by  affording  the  means  to  reach  the  market, 
in  competition  with  local  grown  similar  productions  2,500  to  3,000 
miles  away,  practically  the  only  industries  connected  with  the  use  of  the 
soil  were  cattle-raising  and  grain-growing.  As  to  the  transportation  of 
grain,  which  in  general  reaches  the  ultimate  market  by  ocean  carriers, 
the  railroads  of  California  can  have  but  little  to  do  beyond  moving  it 
from  the  fields  to  tidewater.  Sacramento  Valley,  the  principal  section 
of  the  country  treated  of  in  Mr.  W.  H.  Mills'  paper  of  two  years  ago, 
referred  to  by  Mr.  Dunn,  has  a  navigable  river  running  throughout  the 
Valley,  open  at  all  seasons  of  the  year.  This  is  one  of  the  greatest 
grain-producing  sections  of  the  State.  It  is  not  possible  that  the  rail- 
road rates  for  transportation  of  grain  to  tidewater  from  this  region  have 
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been  excessive,  otherwise  the  shipments  would  have  been  made  upon  the 
navigable  river ;  the  railroad,  if  unreasonable,  would  have  got  nothing 
to  haul.  The  fact  that  it  has  obtained  its  full  share  of  this  traffic  is 
■well  known,  and  must  be  taken  as  prima  facie  evidence  of  the  reasona- 
bleness of  its  rates. 

Mr.  Dunn  says  the  income  he  figures  on  ten  acres  may  be  "  an 
inducement  for  labor,  but  it  is  absolutely  none  for  the  investment  of 
capital  in  ten-acre  landholdings."  I  apprehend  that  California's  need 
is  not  so  much  to  attract  the  capitalist  iuto  fruit-growing  as  to  develop 
it  for  the  small  farm-holders  who  reside  with  their  families  on  the  land. 
Mr.  Dunn  has  selected  ten  acres  as  his  typical  small  fruit  landholding. 
Possibly  such  a  farm  is  too  small  to  be  reasonably  profitable  ;  then  why 
not  try  twenty  acres  ?  Mr.  Mills  and  his  friends  do  not  insist  that  ten 
acres  shall  be  the  limit ;  their  contention  is,  rather,  that  the  holding  of 
lands,  as,  for  example,  in  one  hundred  16,000-acre  farms  in  the  Sacra- 
mento Valley  is  not  as  good  for  the  State  of  California  as  if  the  same 
land  was  divided  up  into  small  holdings.  Mr.  Mills,  as  I  remember, 
comments  on  the  possibilities  of  fifty-acre  farms,  but  in  stating  his  con- 
clusions takes  100  acres  and  computes  that  100  landholders  whose  hold- 
ings embrace  1,654,000  acres  of  land  displace  16,540  families,  each  hav- 
ing 100  acres  of  land.  If  these  16,000  families  should  occupy  the  land 
now  held  by  the  100  men,  and  turn  their  industries  toward  the  produc- 
tion of  grain,  they  would  control  the  railroad  rates,  if  necessary,  by 
shipping  their  products  out  by  river.  Should  they  raise  fruit  and  seek 
a  market  over  in  the  Eastern  States,  the  railroad  companies  could  be 
depended  upon,  if  necessary  to  profitably  market  the  product,  to  con- 
tinue as  they  are  now  doing  and  move  it  to  market  at  the  cost  of  carry- 
ing. More  than  this  the  railroads  cannot  do,  and  under  such  conditions 
they  cannot  be  justly  charged  with  retarding  the  development  of  the 
country.  With  laud  monopoly  established,  the  lowering  of  railroad 
rates  (in  the  Sacramento  Valley  for  example)  would  only  teud  to  per- 
petuate such  monopoly,  because  transportation  could  be  had  by  these 
large  landholders  free  for  the  asking,  their  large-scale  operations  would 
be  still  more  profitable,  and  they  would  be  more  disinclined  to  cut  up 
their  land  and  off^er  it  for  sale  in  small  parcels. 

The  tone  of  Mr.  Dunn's  letter  is  in  line  with  the  popular  fallacy 
that  somehow,  by  some  means,  the  Southern  Pacific  Company  has  man- 
aged to  hold  up  its  rates  and  its  earnings,  while  the  producers  whom  it 
serves  are  becoming  slowly  impoverished.  As  an  indication  of  the  facts, 
let  us  look  at  the  course  of  the  Southern  Pacific  System's  average  rates 
on  commercial  freight  from  1872  up  to  the  present  time : 
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Year.  Av.  rate  per  ton        Av.  i-ate  passenger 

per  mile  (cents).  per  mile  (cents). 

1872 3.66  ....  3.83 

1880 2.68  ....  3.16 

1888 1.93  ....  2.21 

1893 1.57  ....  2.11 

1894  (first  seven  months) 1.32  ....  1.80 

These  little  figures,  indicating  that  the  current  passenger  and  freight 
rates  are  both  less  than  half  the  rates  in  1872,  when  times  were  cer- 
tainly good  in  California,  are  not  very  impressive,  but  if  we  apply  the 
rates  of  1872  to  the  commercial  freight  and  passenger  traffic  of  the 
Southern  Pacific  Company's  Pacific  Coast  lines  in  1893,  we  find  that,  at 
the  1872  rates,  the  earnings  for  1893  would  have  been  over  $35,000,000 
greater  than  they  actually  were,  and  had  even  the  rates  for  1880  been 
earned  on  the  traffic  movement  of  1893,  the  earnings  would  have  been 
nearly  $19,500,000  more  than  actually  taken  in  by  the  Company.  So 
far,  then,  from  fixing  its  rates  and  standing  to  them,  regardless  of  the 
necessities  of  its  patrons,  the  Southern  Pacific  Company  has,  by  the 
adjustment  of  its  operations  to  the  commercial  conditions  and  necessities 
of  the  Pacific  Coast,  lowered  its  rates  until  it  has,  of  its  earning  power, 
given  up  to  its  patrons,  even  as  compared  with  1880,  a  period  when  the 
fruit  industry  was  just  beginning  to  become  a  factor  in  transportation, 
nearly  $20,000,000  per  year. 

The  fruit  from  Placer  County  starts  East  over  the  Central  Pacific 
line  and  is  delivered  to  connecting  lines  at  Ogden.  The  division  of  the 
through  rates  to  Eastern  markets  beins;  made  between  all  of  the  lines  on 
a  mileage  basis,  the  Central  Pacific  conceding  a  division  on  this  basis  in 
order  to  bring  the  Eastern  connecting  lines  to  an  agreement  on  the 
through  rates  demanded  by  the  fruit  shippers,  though,  by  reason  of  the 
greater  physical  obstacles  to  be  overcome  and  its  other  operating  disad- 
vantages, the  Central  line  is  entitled  to  a  larger  proportion  of  the  rate. 
It  concedes  to  its  Eastern  connections  the  division  of  the  through  rates 
to  Eastern  points  on  about  an  even  mileage  basis,  but  before  starting  on 
its  Eastern  journeys  the  freight  is  lifted  on  the  Central  line  7,000  feet 
above  the  sea,  the  expenditure  of  power  requisite  to  move  a  ton  of 
weight  to  the  summit  of  the  Sierras  being  equivalent  to  the  power  neces- 
sary to  move  the  same  ton  450  miles  on  a  level  grade.  The  cost  of  fuel 
on  the  Central  Pacific  line  in  California,  delivered  on  tenders,  averages 
$4.80  per  ton,  as  against  $1.57  per  ton  on  the  Union  Pacific,  and  from 
$1.36  to  $1.82  per  ton  on  the  various  lines  from  Council  Bluffs  to 
Chicago. 

The  Interstate  Commerce  Commission,  under  the  rule  established 
by  them,  and  which  unquestionably  produces  results  as  near  the  truth 
as  possible,  find    and  report  the  cost,  for  operating  expenses  only,  of 
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moving  one  ton  of  freight  one  mile  on  the  Pacific  System  lines  of  the 
Southern  Pacific  Company  (averaging  the  valley  levels  with  the  steep 
mountain  gradients)  to  be  from  y^^*'^  of  a  cent  to  1.02  cents  per  ton 
per  mile. 

The  average  rate  per  ton  per  mile  for  transportation  of  California 
orchard  and  vineyard  products  to  market  in  the  Eastern  States  does  not 
now  exceed  j%  of  a  cent  per  ton  per  mile,  a  sum  merely  equal  to  the 
average  cost  of  operation  for  maintenance  of  way  and  structures,  con- 
ducting transportation,  etc.,  contributing  nothing,  however,  available 
for  the  payment  of  taxes,  interest  upon  the  bonded  debt,  and  other  nec- 
essary and  legitimate  fixed  charges. 

While  we  are  accustomed  to  hear  the  railroads  denounced  for  not 
paying  their  taxes,  I  find  it  to  be  a  fact  that  the  Southern  Pacific  lines 
have  paid  into  the  State  and  County  treasuries  of  California  a  little  over 
$8,000,000  in  payment  of  their  taxes  for  the  past  fourteen  years.  In 
the  same  fourteen  years  the  sum  total  received  by  the  Southern  Pacific 
Company  for  hauling  (not  only  through  California,  but  also  through 
Nevada  and  Utah,  and  through  Arizona  and  New  Mexico)  fruit  shipped 
from  California  to  the  Eastern  market  has  been  for 

Green  deciduous  fruits $3,710,221  00 

Dried  fruits 1,704,593  00 

Canned  fruits 1,982,273  00 

Or  a  total  for  all  deciduous  fruits  of $7,397,087  00 

say  in  round  numbers  $7,500,000,  or  a  half  million  dollars  less  than  the 
amount  of  California  taxes  paid  in  the  same  period. 

Another  fact  of  interest  to  Californians  is  this  :  An  investigation 
made  about  three  years  ago  by  one  of  the  officers  of  the  Southern  Pacific 
Company  developed  a  condition  which  doubtless  remains  true  up  to  the 
present  time,  namely,  that  by  reason  of  the  fact  that  there  is  no  lumber 
or  other  materials  needed  for  current  repairs  of  the  railroads  in  Arizona, 
New  Mexico,  Nevada  and  Utah,  large  quantities  of  supplies  required 
for  the  maintenance  and  operation  of  the  Southern  Pacific  roads  in  these 
States  and  Territories  are  purchased  from  California  producers,  dealers 
and  traders,  the  total  amount  of  such  purchases  exceeding  the  Southern 
Pacific  earnings  from  the  strictly  local  movement  of  freight  and  passen- 
gers within  the  State  of  California. 

The  Central  and  Southern  Pacific  lines  have  pioneered  in  the 
building  of  railroads  in  advance  of  industrial  development,  and  must 
be  content  to  await  results,  which  are  sure  to  follow,  bringing  the  full 
measure  of  prosperity  to  all  interests.  In  the  meantime,  they  must  earn 
for  the  capital  invested  fair  rates  of  interest,  must  pay  for  the  materials 
and  supplies  necessary   for  the    maintenance    of   their  property,    and 
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must  pay  the  men  whose  services  are  necessary  for  its  operation.  The 
railroads  are  carrying  at  bedrock  rates,  and  if  it  is  true  that  the  fruit- 
growers are  also  in  distress,  it  is  time  to  look  in  some  other  direction  than 
a  further  lowering  of  transportation  charges  for  a  means  of  restoring 
living  prices  to  both  the  producers  and  railroad  companies.  The  middle- 
men are  useful,  but  it  is  well  to  inquire  whether  they  are  not  making  too 
much  profit  when  we  find,  as  was  recently  ascertained  to  be  the  fact,  that 
dried  fruit  sold  by  the  California  producer  at  six  cents  a  pound,  hauled 
over  by  the  Southern  Pacific  and  its  connecting  lines  to  Minneapolis,  for 
a  trifle  over  a  cent  a  pound,  is  sold  to  consumers  at  the  latter  place  for 
fifteen  cents  per  pound.  In  such  cases  it  does  not  appear  that  either  the 
producers  or  the  railroad  companies  are  getting  what  is  fairly  their  due. 
It  is  not  likely  that  the  middlemen  and  dealers  in  general  are  dividing 
up  profits  at  this  rate,  but  if  it  is  true  that,  as  a  rule,  they  are  taking 
more  than  their  share,  the  obvious  remedy  is  the  adoption  of  some  means 
for  bringing  the  producer  and  consumer  closer  together.  Fruit  ex- 
changes, such  as  appear  to  be  in  successful  operation  in  Fresno,  Santa 
Clara  and  Riverside  Counties,  indicate  a  step  forward  in  the  right 
direction. 

The  existing  method  of  preserving  the  fruit  against  decay,  in  transit, 
are  expensive,  not  only  to  the  shippers,  but  to  the  railroad  companies 
obliged  to  use  up  their  power  in  hauling  the  great  dead,  or  non-paying, 
weight  of  refrigerator  cars  ;  but  there  are  hopeful  possibilities  of  a  reduc- 
tion in  this  expense.  Experiments  have  recently  been  made  for  produc- 
ing the  I'efrigeration  for  the  preservation  of  fruit  in  cars  by  the  ex])ansion 
of  compressed  air,  or  by  supplying  into  the  cars  air  which  has  been 
sterilized  by  an  admixture  of  antiseptic  gases.  The  success  of  these  ex- 
periments would  ettect  a  great  reduction  in  the  cost  of  preserving  fruit 
en  route  to  the  East. 

The  California  small  farm  owners  are  not  quite  living  up  to  their 
opportunities  for  supplying  our  local  markets.  That  there  is  room  for  a 
profitable  development  in  this  direction  is  evidenced  by  the  fact  that  last 
year  there  was  brought,  by  rail  lines,  from  the  East  into  the  Pacific 
Coast  States,  practically  all  of  it  coming  into  California,  39,945,000 
pounds,  or  about  2,000  ten-ton  carloads,  of  stock-farm  and  poultry-yard 
products,  in  their  natural  state  or  manufactured  into  staple  commodities; 
over  36,000,000  pounds  of  this  tonnage  was  composed  of  articles  of  food, 
such  as  butter,  cheese,  poultry,  meats  in  bulk,  lard,  eggs,  condensed  milk, 
etc. ;  the  shipment  of  eggs  alone  amounting  to  5,500,000  pounds.  In  ad- 
tion  to  this,  in  1893,  there  was  shipped  from  the  Eastern  States  and 
foreign  countries  into  California,  by  rail  over  13,000,000  pounds,  and  by 
sea  about  70,000  packages  of  canned  goods,  including  fish,  oysters, 
canned  meats,  canned  corn,  and  other  vegetables.     Undoubtedly  articles 
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corresponding  at  least  to  oue-half  these  goods  are  now,  or  could  be,  pro- 
duced in  California. 

Of  other  articles  annually  shipped  to  the  Pacific  Coast  from  Eastern 
States,  or  imported  from  foreign  countries,  which  might  be  supplied  by 
California  farmers,  may  be  noted  over  9,000,000  pounds,  shipped  by  rail, 
and  about  900  packages,  by  sea,  of  alcohol  and  spirits  ;  over  1,250,000 
pounds  by  rail,  and  about  1,500  packages  by  sea,  of  dried  fruit  and  dried 
currants;  nearly  1,250,000  pounds  of  oats;  over  1,000,000  pounds  of 
pickles,  preserves  and  jellies ;  over  3,700,000  pounds  of  cornmeal  and 
oatmeal;  nearly  1,250,000  pounds  of  farm  and  garden  seeds;  nearly 
2,000,000  pounds  by  rail,  and  over  11,000  packages  by  sea,  of  wines; 
nearly  1,500,000  pounds  of  bi'oom  corn  and  brooms  ;  over  60,000  pounds, 
by  rail,  and  about  14,000  packages,  by  sea,  of  olive  and  salad  oil,  not  to 
mention  "  coals  to  Newcastle"  in  the  shape  of  over  9,000,000  pounds,  by 
rail,  and  1,000  packages  by  sea,  of  flour. 

In  the  way  of  other  things  that  California  can  likely  produce  for 
the  supply  of  local  wants  and  the  general  raai'kets  of  the  world,  are  tex- 
tile grasses,  flax,  hemp,  jute,  and  fibrous  vegetable  substances  other  than 
cotton.  The  value  of  these  raw  materials  and  articles  manufactured 
therefrom,  imported  into  the  United  States  for  the  year  ending  June  30, 
1893,  was,  in  round  numbers,  849,500,000. 

California  is  still  in  the  experimental  stages  of  its  development,  and 
when  the  supply  of  any  one  of  its  peculiar  productions  approaches  the  de- 
mand of  existing  markets,  the  profits  of  the  industry,  pending  the  building 
up  of  new  markets,  are  likely  to  be  uncertain.  The  railroad  companies 
caunot  always  stand  in  the  breach  between  the  producer  and  the  con- 
sumer in  such  a  way  as  to  always  insure  profits  to  the  former.  When 
they  sacrifice  their  profits  to  the  necessities  of  their  patrons,  get  down 
with  them  to  a  cost  basis  and  move  any  commodity  for  the  mere  cost  of 
carrying,  they  cannot  be  justly  asked  to  go  further.  Notwithstanding 
all  that  has  been  said  to  the  contrary,  the  fact  remains  that  the  railroad 
companies  of  this  State  have  consistently  shown  by  their  acts  that  they 
are  working  in  full  sympathy  with  the  industrial  interests  of  the  com- 
munities they  serve. 

Knowing  their  integrity  of  purpose  in  this  direction,  the  managing 
ofiicers  of  the  Southern  Pacific  Company  are  well  pleased  to  accept  every 
challenge  to  fiiir  discussion  of  their  business  relations  to  other  people, 
realizing  that  the  facts,  fairly  stated,  lead  to  no  other  conclusions  than 
that  their  business  methods  are  just  and  reasonable. 
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:n^otes  ox  the  construction  of  the  east  river 

gas  tuxxel. 


By  Waltox  I.  Aims,  C.E. 


[Read  before  the  Boston  Society  of  Civil  Engineers,  April  17,  1S95.] 

During  1891  and  1892  the  East  River  Gas  Co.,  of  Long  Island 
City,  a  corporation  with  works  situated  on  the  Long  Island  shore  of  the 
East  River,  obtained  from  the  New  York  State  Legislature  a  new 
charter,  and  such  necessary  legislation  as  to  permit  the  extension  of 
their  mains  across  the  East  River  into  the  city  of  New  York.  This 
project  had  many  important  features  to  recommend  it.  New  York, 
with  an  average  of  45,000  inhabitants  to  the  square  mile,  presents,  to  a 
gas  enterprise,  the  favorable  conditions  of  a  much  concentrated  popu- 
lation. The  citizens  have  long  been  strenuous  in  their  efforts  to  abate 
all  nuisances  surrounding  their  dwellings,  and  they  are  quick  to  appre- 
ciate improvements  in  that  direction.  As  the  manufacture  of  gas  in 
the  heart  of  the  city  has  been  found  very  objectionable,  the  location  of 
such  works  outside  of  the  city  is  an  imjwrtant  consideration.  For  an- 
other reason,  the  location  of  the  works  of  the  East  River  Gas  Co.  was 
most  happy;  for  while  so  situated  as  to  derive  the  benefits  of  the 
enormous  difference  in  value  between  city  and  suburban  real  estate,  yet 
these  works  are  directly  opposite  the  heart  of  the  residential  district  of 
New  York  and  but  half  a  mile  distant  from  the  city.  Here  twelve  acres 
of  land  had  been  secured  for  plant  purposes,  with  a  river  frontage  of 
over  800  feet,  on  which  there  is  sufficient  room  for  the  erection  of  a 
plant  of  50,000,000  feet  daily  capacity. 

The  most  important  point  in  this  whole  enterprise  was  how  to  bring 
the  gas  across  the  East  River.  The  feasibility  of  constructing  a  tunnel 
under  the  river  through  which  the  gas  mains  might  be  laid  was 
discussed,  and  after  some  preliminary  surveys  and  examinations  a  route 
was  decided  upon  from  the  works  of  the  company  at  Ravenswood,  Long 
Island  City,  to  between  70th  and  71st  Streets,  New  York,  jmssing  under 
Blackwell's  Island  and  the  east  and  west  channels  of  the  East  River. 
On  about  this  line  of  location  some  eight  or  ten  pipe  soundings  were 
made  in  the  two  river  channels,  all  of  which  indicated  a  rock  bottom  ; 
and  the  results  of  these,  together  with  surface  indications,  where  at 
both  the  Long  Island  and  New  York  shores,  as  well  as  on  Blackwell's 
Island,  bed-rock  lay  exposed,  led  all  to  conclude  that  nothing  but  rock 
was  to  be  encountered.  On  these  investigations  a  contract  was  entered 
39 
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into  on  June  25,  1892,  for  the  construction  of  a  supposedly  rock  tunnel, 
which  the  contractor  guaranteed  to  complete  by  April,  1893. 

Work  was  begun  at  the  Ravenswood  or  Long  Island  side  on  June 
28th  by  sinking  a  shaft  about  200  feet  back  from  the  river  9  feet  square, 
to  a  depth  of  about  148  feet  below  the  surface;  while  at  New  York,  on 
July  7th,  a  shaft  of  the  same  dimensions  was  started  on  private  property 
fronting  on  71st  Street  and  East  River,  and  sunk  to  a  depth  from  the 
surface  of  139  feet.  In  both  these  shafts  rock  was  entered  after  about 
8  feet  of  soil ;  but  while  the  rock  at  New  York  was  quite  dry,  at  Ravens- 
wood  it  proved  seamy  and  very  wet. 

The  tunnel-roof  grade  had  been  established  at  109  feet  below  mean 
high  water  at  the  New  York  shaft,  with  a  grade  for  drainage  of  one-half  of 
one  per  cent,  towards  Ravenswood.  This  gave  a  minimum  cover  of  41 
feet  at  the  deepest  point  in  the  west  or  New  York  channel  of  the  East 
River,  where  there  is  70  feet  of  water  at  mean  high  tide.  The  east,  or 
Long  Island  channel,  is  comparatively  shallow,  the  deepest  point  being 
only  35  feet  below  mean  high  water  level.  The  one  thing  feared  was 
that  fissures  yielding  large  volumes  of  water  might  extend  to  the  tunnel 
roof  and  largely  augment  the  cost  of  pumping.  The  size  of  the  tunnel 
section  was  to  be  8  feet  6  inches  in  height  by  10  feet  6  inches  in  width, 
this  giving  sufficient  room  for  the  laying  of  two  3-feet  gas  mains  and 
one  4-feet  main. 

In  the  shafts,  on  both  sides  of  the  river,  the  headings  were  now 
turned.  At  Ravenswood  the  work  was  delayed  by  meeting  considerable 
quantities  of  salty  water,  but  at  New  York  the  tunnel  was  practically 
dry  until  towards  the  end  of  December,  1892,  when,  at  a  distance  of  338 
feet  from  the  shaft,  a  fissure  was  struck  yielding  about  a  three-inch 
stream  of  salt  water.  The  rock  to  within  20  feet  of  this  point  had  been 
the  regular  hard  New  York  gneiss,  with  a  dip  towards  Long  Island  of 
10°  from  the  vertical,  and  a  strike  north  and  south  at  right  angles  to  the 
direction  of  the  tunnel.  Here  it  gradually  began  to  soften,  becoming 
more  and  more  micaceous  until  when  about  20  feet  beyond  the  water- 
bearing fissure  the  rock  suddenly  terminated,  running  into  a  vein  of  soft 
material  with  the  same  dip  and  strike  as  that  of  the  rock. 

This  new  material  proved  to  be  a  vein,  principally  of  decomposed 
feldspar,  gray  in  color,  crumbling  easily,  and  with  no  perceptible  grit.  It 
still  preserved  a  rock  structure,  and  was  perfectly  dry  when  undisturbed. 
But  its  exposed  surfaces  were  quickly  acted  upon  by  water  which 
it  would  absorb  and  then  wash  away  quite  rapidly.  The  water-bearing 
fissure  and  this  soft  vein  were  connected  ;  more  water  was  also  met  at 
the  junction  of  the  rock  and  the  soft  material,  and  later  experience 
proved  that  in  passing  through  these  soft  veins  water  was  always  to  be 
found  next  to  the  rock — a  sort  of  water-course  on  both  sides  of  the  soft 
vein. 
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Had  it  not  been  for  eacounteriug  this  water,  the  tunnel  might  have 
been  carried  through  the  soft  material  without  employing  compressed 
air,  though  the  prudence  of  attempting  this  might  be  questioned,  for 
nothing  more  insures  the  safety  of  both  the  men  and  the  work  than  com- 
pressed air  in  sub-aqueous  tunneling. 

The  finding  of  this  soft  material,  so  unexpected, was  quite  a  set-back  to 
all  concerned.  However,  it  was  decided  to  drive  a  small  timbered  drift 
about  4  feet  wide  by  6  feet  high  to  investigate  the  ground  ahead  and  find 
how  much  of  this  material  was  to  be  penetrated  before  solid  rock  was  again 
met.  This  drift  was  started  and  driven  in  for  about  6  feet.  Meanwhile 
a  most  destructive  action  was  going  on  between  the  water  and  the  soft 
material.  The  water  running  along  the  face  of  the  rock  had  washed  out 
a  cavity  overhead  in  the  soft  ground.  The  walls  of  this  cavity  were 
gradually  breaking  away,  and  the  clay-like  substance  falling  down  would 
close  the  outlet  of  the  water  into  the  tunnel.  The  water  would  then 
accumulate  in  this  pocket,  softening  up  fresh  material  on  the  sides  until 
it  had  gained  a  sufficient  head  to  burst  through  the  dam  which  confined 
it,  when  it  would  come  rushing  into  the  tunnel,  carrying  with  it  large 
quantities  of  the  softened  material.  These  rushes  were  accompanied  by 
a  loud  bubbling  sound  that  quite  mystified  the  men,  which  was,  of 
course,  the  sound  of  the  air  displacing  the  water  in  the  cavity.  As  soon 
as  the  pocket  had  emptied  itself,  for  a  time  the  trouble  was  over  until 
with  the  falling  of  more  material  the  outlet  was  again  closed  and  the 
operation  was  repeated. 

These  rushes  of  water,  with  the  accompanying  sound  of  the 
bubbling  air,  soon  became  more  and  more  alarming  to  the  men.  The 
cavity  was  constantly  increasing  in  size,  and  extending  up  toward  the 
river  bed.  Each  recurrence  would  now  send  the  men  running  for  the 
shaft,  by  no  means  certain  that  the  river  had  not  at  last  made  a  connec- 
tion with  the  tunnel. 

All  w^ork  in  the  small  drift  was  abandoned,  and  on  December  31st 
a  bulkhead  was  hurriedly  constructed,  at  the  face,  to  prevent  the 
threatened  flooding  of  the  shaft.  Up  to  this  time  over  25  yards  of 
material  had  been  washed  into  the  tunnel,  all  of  which  had  come  from 
along  the  rock  face.  With  the  river  bed  only  45  feet  above  the  tunnel 
roof,  there  is  every  reason  to  believe  that  this  bulkhead  was  put  in  none 
too  soon,  and  a  connection  with  the  river  narrowly  averted.  The  bulk- 
head was  well  packed  with  hay  to  prevent,  as  much  as  possible,  further 
washing  of  the  material,  and  a  discussion  was  now  entered  into  as  to 
the  method  of  future  procedure.  The  contractors  were  in  favor  of 
abandoning  the  heading  and  returning  to  the  shaft,  to  sink  to  a  lower 
level  and  start  anew  in  hopes  of  meeting  more  favorable  conditions  at  a 
greater  depth. 
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There  had  been  a  somewhat  similar  experience  on  the  Crotou 
Aqueduct,  where  that  tunnel  passes  under  the  Harlem  River.  Soft 
material  had  been  encountered  on  the  first  established  level,  which 
proved  so  troublesome  that  after  two  or  three  unsuccessful  attempts  had 
been  made  to  pass  through  it,  it  was  finally  decided  to  abandon  the 
heading  and  return  to  the  shaft,  sinking  some  150  feet  deeper.  On  this 
new  level  nothing  but  rock  was  encountered.  In  the  East  River  tunnel, 
however,  the  soft  material  was  clearly  a  decomposed  vein,  and  to  what 
depth  this  decomposition  might  extend  was  unknown ;  so  that  as  there 
were  no  well  founded  reasons,  in  this  case,  for  expecting  any  better  con- 
ditions at  a  lower  level,  it  was  decided  to  first  attempt  to  drive  the 
present  heading,  in  compressed  air,  leaving  the  sinking  as  a  later  expe- 
dient should  the  proposed  means  fail. 

An  arrangement  was  made  with  the  contractors  by  which  the  com- 
pany was  to  share  the  expense  of  the  work  in  soft  ground.  It  was  at 
this  time  that  the  w'riter  became  connected  with  the  work,  having  charge 
of  installing  and  conducting  the  compressed  air  operations  for  the 
Company. 

To  form  the  compressed  air-working  chamber,  a  solid  brick  wall 
or  bulkhead  8  feet  thick  was  built  across  the  tunnel  into  gains  in  the 
rock  about  40  feet  back  from  the  heading,  and  containing  a  cylindrical 
steel  air-lock  6  feet  in  diameter  and  10  feet  long. 

In  the  engine  room,  the  18"  x  24"  Ingersoll  piston-inlet  com- 
pressor, used  heretofore  for  running  the  rock  drills,  was  supplemented 
by  a  small  Rand  compressor,  and  both  arranged  to  supply,  indepen- 
dently, compressed  air  to  the  working  chamber  below.  Incandescent 
electric  lighting  was  introduced  into  the  tunnel,  which  is  almost  a 
necessity  in  compressed  air  operations,  as  common  illuminants  produce 
an  enormous  quantity  of  smoke,  when  burning  in  compressed  air.  A 
telephone  was  also  taken  into  the  working  chamber,  by  which  instant 
communication  could  be  had  with  the  engine  room  in  case  any  sudden 
increase  of  air  pressure  should  be  desired. 

On  February  25,  1893,  operations  were  commenced,  in  the  heading, 
under  35  pounds  of  air  pressure.  The  previous  work  here  had  greatly 
increased  the  difficulties,  and  it  was  not  long  before  the  air  pressure  had 
to  be  raised  to  42  pounds  to  control  the  water. 

The  excavation  was  advanced  under  a  cylindrical  steel  roof,  built 
up  of  plates  3  feet  long  and  1  foot  wide,  of  i"  sheet  steel,  to  the  four 
sides  of  which  were  riveted  angle  bars  2i"x2i"xi".  These  plates 
were  bolted  together  in  a  heading  about  6  feet  high.  In  the  erection 
of  this  roof,  poling  boards  were  used  for  each  plate,  and  a  bulkhead 
carried  down  with  each  ring  as  erected.  When  the  heading  had  been 
advanced  about  20  feet  from   the  rock,  a   12"  x  12"  yellow  pine  mudsill 
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was  introduced  along  the  bottom  of  the  heading,  and  on  this  the  roof 
was  carried  by  means  of  radial  timber  bracing.  The  excavation  was 
now  carried  down  on  both  sides  of  this  mudsill,  to  a  distance  of  about 
10  feet  from  the  rock,  the  steel  roof  being  extended  well  down  on  the 
sides.  A  circular  section  was  thus  excavated,  in  which  brickwork  was 
laid,  four  courses  thick,  and  with  an  internal  diameter  of  10  feet. 
Between  March  4th  and  16th  a  great  deal  of  trouble  was  experienced. 
Air  pressure  was  several  times  to  48  pounds,  and  the  work  progressed 
very  slowly  on  account  of  the  many  inrushes  of  water,  and  softened 
material.  It  was  not  until  the  8th  of  April  that  the  last  section  of 
brickwork  in  the  soft  material  was  completed,  and  rock  again  entered, 
after  passing  through  29  feet  of  this  decomposed  material.  Of  the 
material  met  in  driving  through  this  vein,  at  first  9  feet  of  the  gray 
decomposed  feldspar  was  penetrated,  a  vein  of  4  inches  of  hard  quartz 
was  then  met,  and  this  was  followed  by  6  feet  of  pure  white 
decomposed  feldspar,  smooth  and  soft  as  plaster.  The  remaining 
14  feet  was  made  up  of  layers  of  feldspar  and  chlorite.  This  chlorite, 
deep  green  in  color,  flaky,  and  grease-like  to  the  touch  when 
wet,  proved  to  be  very  troublesome  material,  as  it  was  easily  con- 
verted into  a  fluid  state  by  the  water,  which  was  again  encountered 
next  to  the  rock. 

At  the  Long  Island  shaft,  the  work  up  to  this  time  had  progressed 
to  about  250  feet  from  the  shaft.  The  material  so  far  encountered  on 
this  side  was  a  hard,  seamy  gneiss,  bearing  considerable  quantities  of 
salty  water,  containing  iron,  lime  and  magnesia.  Soft  ground  was  now 
met  at  this  end,  in  a  seam  about  4  feet  wide,  of  chlorite. 

As  this  material  was  perfectly  dry  and  not  thoroughly  disintegrated, 
the  tunnel  was  timbered  through  this  seam  without  difficulty.  Several 
similar  veins  were  thus  met  and  passed  through,  until  at  a  point  285  feet 
from  the  shaft,  where  after  drilling  for  about  two  feet  through  rock, 
a  soft  green,  almost  liquid  chlorite  vein  was  struck,  which  began  flowing 
in  through  the  drill  holes  with  great  force. 

These  holes  were  plugged,  but  as  it  was  necessary  to  know  what  was 
ahead,  and  as  with  100  feet  of  cover  between  the  tunnel  roof  and  the 
river  bottom  it  was  thought  that  the  condition  of  affliirs  could  not  be  very 
serious,  it  was  decided  to  continue  driving  ahead  without  air  pressure, 
and  with  a  timbered  heading.  To  see  what  the  material  would  do,  several 
hand-holes  were  put  into  the  rock-face  with  the  object  of  blasting  out  a 
hole  about  2  feet  square  through  the  remaining  2  feet  of  rock,  to  the 
chlorite.  Before  blasting,  however,  the  precaution  was  taken  to  build  a 
bulkhead,  some  40  feet  back  from  the  face.  On  firing  the  holes,  an 
inrush  of  many  yards  of  material  took  place,  which  was  finally  checked 
by  some  rock  fragments  closing  the  opening  through  the  rock. 


414  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

After  several  desperate  attempts  on  the  part  of  the  contractors  to 
control  this  material  and  make  progress,  the  work  was  finally  abandoned 
in  the  latter  part  of  March,  and  as  a  4-iuch  stream  of  water  was  now 
flawing  from  the  heading,  pumping  was  discontinued,  and  the  shaft  and 
tunnel  allowed  to  flood. 

At  the  New  York  end,  work  was  still  being  carried  on,  in  com- 
pressed air.  The  rock  encountered  at  the  other  side  of  the  soft  seam 
closely  resembled  the  decomposed  material  which  had  been  penetrated 
before,  and  consisted  of  alternate  layers  of  feldspar  and  chlorite  with  an 
occasional  vein  of  quartz.  It  was  quite  soft,  though  reijuiring  drilling 
and  blasting,  and  eventually  it  had  to  be  lined  After  the  heading  had 
been  driven  about  69  feet  into  this  rock  the  company  decided,  in  spite  of 
the  uncertainty  as  to  the  material  ahead,  to  remove  the  air  pressure,  and 
to  call  upon  the  contractors  to  resume  their  contract.  Upon  removing 
the  air-pressure,  however,  the  brickwork  through  the  soft  seam  proved  so 
unsatisfactory  in  excluding  the  water,  that  air-pressure  was  again 
put  on,  and  it  was  decided  to  line  the  brickwork  with  a  circular 
cast-iron  lining.  Although  this  brickwork  was  only  10  feet  in  inside 
diameter,  a  lining  was  designed  10  feet  2  inches  in  the  clear,  as  it  was 
now  desired  to  make  the  tunnel  bore  as  large  as  possible.  To  put  in 
this  lining,  some  of  the  brickwork  had  to  be  cut  out,  which  was  then 
removed  in  sections,  enough  for  one  ring  of  plates  at  a  time.  The  lin- 
ing consisted  of  rings  of  plates  or  segments,  each  segment  being  about 
o  feet  long  and  1  foot  4  inches  wide,  with  internal  flanges  4  inches  deep, 
from  the  back  of  the  plate.  The  metal  in  both  the  back  of  the  plate 
and  the  flanges  was  11  inches  thick.  All  the  joint-faces  of  the  segments 
were  planed  and  1-inch  bolts  used  for  fastening  them  together.  A  com- 
plete tunnel  ring  was  composed  of  nine  segments  and  a  small  inverted 
key,  about  8  inches  wide.  DifSculties  between  the  company  and  the 
contractors,  which  had  been  brewing  for  some  time,  now  culminated 
and  the  courts  were  appealed  to  to  settle  their  differences.  This  caused 
a  cessation  of  work  for  a  short  time  until  the  company  were  empowered 
to  take  possession  and  resume  the  work  of  construction  for  themselves. 
The  work  of  putting  the  cast-iron  lining  into  the  brickwork  was  neces- 
sarily a  very  slow  operation.  The  lining  was  extended  well  into  the 
rock  on  both  sides  of  the  soft  vein,  and  a  wall  built  at  both  ends  between 
the  rock  and  the  iron  lining,  to  confine  the  Portland  cement  grout  which 
was  now  introduced  back  of  the  ])lates.  To  effect  this  grouting  li-inch 
holes  had  been  drilled  and  tapped  through  the  back  of  several  plates  in 
each  ring.  Through  these  holes  the  grout  was  pumped  by  mean?  of  a 
Cameron  pump,  and  after  the  space  between  the  brickwork  and  the 
lining  had  been  thoroughly  grouted,  the  work  was  found,  on  taking  off" 
the  air  pressure   from    the  heading,  to  be  perfectly  water-tight.     It  was 


CONSTRUCTION  OF  THE  EAST  RIVER  GAS  TUNNEL.  415 

not  until  toward  the  end  of  July  that  the  work  of  lining  the  brickwork 
was  completed  and  driving  ahead  in  the  rock  was  resumed.  Then, 
when  an  advance  of  only  10  feet  had  been  made,  a  second  soft  seam  was 
encountered  about  80  feet  beyond  the  first  one,  and  a  test  pipe  was 
driven  to  a  horizoutal  depth  of  70  feet  without  encountering  anything 
solid.  To  avoid  further  delay  the  (b-iving  of  the  test  pipe  was  discon- 
tinued at  this  depth  and  preparations  made  for  advancing  the  heading. 
For  this  test  pipe  li-inch  common  wrought-iron  pipe  was  used,  which 
was  driven  in  by  a  small  machine-drill  and  washed  out  at  each  length- 
eaing  of  the  pipe  with  a  1-inch  wash  pipe.  From  these  washings  the 
different  materials  penetrated  were  sampled,  with  the  following  tabu- 
lated results : 

3  feet  gray  decomposed  feldspar  and  chlorite. 

11  feet  soft  black  mud,  containing  lamps  of  carbonized  wood  like  charcoal. 
19  feet  hard  black  mud  and  sand,  with  nodules  of  pvriies. 
22  feet  gray  decomposed  feldspar. 

4  feet  decomposed  feldspar  and  chlorite. 
11  feet  gray  decomposed  feldspar. 

Water  was  again  found  next  to  the  rock,  but  was  considerably  held 
in  check  by  the  compressed  air.  As  from  the  results  of  the  test  pipe 
there  were  no  special  difficulties  to  apprehend  from  the  indicated  mate- 
rial, it  was  decided  to  drive  ahead,  under  the  open  heading  method,  as 
this  involved  no  delays  in  waiting  for  special  machinery.  The  light 
steel  cylindrical  roof  was  again  used  in  advancing  the  excavation,  but 
for  the  ]iermanent  lining  the  cast-iron  rings  were  to  be  introduced  instead 
of  brickwork,  as  heretofore.  A  start  was  made  on  the  7th  of  August  to 
drive  the  heading  into  the  soft  material,  but  two  days  later,  after  the 
work  had  been  advanced  six  feet  into  the  soft  vein,  orders  were  received 
to  suspend  all  work  on  account  of  the  great  financial  depression  of  the  time. 
This  was  unfortunate,  and  could  it  have  been  anticipated  a  few  days  the 
heading  into  the  soft  material  would  have  been  left  unopened.  As  it 
was  now,  from  being  first  disturbed  and  then  abandoned,  the  water  was 
allowed  to  soften  up  the  black  mud  iu  the  heading,  and,  in  spite  of  the 
bulkhead,  a  considerable  quantity  of  the  material  was  washed  into  the 
tunnel.  This  stay  of  proceedings  was  utilized  by  making  horizontal 
test  boring  in  the  lieading  on  the  Long  Island  side.  At  this  shaft,  no 
work  had  been  done  since  the  departure  of  the  contractors  beyond  the 
building  of  a  brick  bulkhead  and  air-lock  in  the  tunnel.  Compressed 
air  had  then  been  put  on,  which  considerably  reduced  the  amount  of  water 
flowing  into  the  tunnel  from  the  heading.  The  action  of  the  compressed 
air  had  been  somewhat  peculiar,  for  notwithstanding  the  great  depth  of 
the  tunnel  below  the  river  bed,  at  10  pounds  pressure  the  air  began  to 
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escape  through  the  heading,  and  with  a  pressure  of  35  pounds  per  square 
inch  small  bubbles  of  escaping  air  could  be  seen  rising  to  the  surface  for 
over  300  feet,  up  and  down  the  river.  This  seemed  to  indicate  that  the 
ground  above  the  tunnel  had  been  honey-combed  up  to  the  river  bottom 
by  the  previous  washing-in  of  such  quantities  of  the  soft  green  chlorite.  As 
it  was  known  that  there  were  detached  lumps  of  rock  in  this  soft  vein, 
2-inch  heavy  pipe  was  used  for  the  test  boring,  with  drive-well  couplings, 
and  a  circular,  hollow  steel  bit  for  the  cutting  end.  This  pipe  was  driven 
in  the  same  way  as  the  one  on  the  New  York  side,  and  after  passing 
through  chlorite  and  various  kinds  of  soft  rock  fragments,  solid  rock 
was  again  met  at  32  feet.  Into  this  rock  a  hole  was  drilled  to  a  depth 
of  54  feet,  using  a  small  bit  on  the  end  of  a  1-inch  pipe  and  drilling 
through  the  test-pipe.  The  rock  beyond  the  soft  seam  was  a  soft  white 
limestone. 

With  the  prospect  of  resuming  work  the  question  now  arose  as  to 
the  best  method  of  proceeding ;  and,  as  a  great  deal  depended  upon  the 
success  of  driving  through  the  present  headings,  it  was  strongly  recom- 
mended that  the  safest  and  surest  method,  that  of  shield-tunneling,  be 
adopted  in  both  headings,  although  necessarily  entailing  a  large  expendi- 
ture in  plant,  and  delay  in  time  for  installation.  This  plan  met  with 
the  company's  approval,  and  a  shield  and  hydraulic  plant  were  designed. 
As  the  nature  of  the  material  to  be  penetrated  beyond  the  test-pipes  was 
unknown,  this  shield  was  so  made  that  in  passing  from  rock  to  soft 
material,  or  back  again  to  rock,  it  could  be  erected  or  taken  apart  again 
with  a  minimum  of  time  and  labor,  so  that  it  might  almost  be  called  a 
portable  shield.  As  in  both  the  tunnel-headings  there  was  but  one  air- 
lock, and  as  it  was  inadvisable  to  remove  the  air-pressure  from  the  head- 
ings, the  different  parts  of  the  shield  had  to  be  of  such  size  as  could  be 
pa-^sed  through  the  air-lock  doors.  This  was  accomplished  by  dividing 
the  shield  transversely,  separating  the  tail-end  section,  or  that  which 
overlaps  the  tunnel,  from  the  cutting-edge  section  containing  the  working 
chambers.  These  two  sections  were,  of  course,  circular,  11  feet  J  inches 
outside  diameter.  The  tail-end  section  was  3  feet  6  inches  long,  and  the 
cutting-edge  section  3  feet  8  inches  long.  Both  of  these  sections  were 
again  divided,  longitudinally,  into  four  quadi-ants.  The  outside  shell,  in 
both  tail-end  and  cutting-edge  sections,  was  made  up  of  one  j-inch  and 
one  t-inch  steel  plates  riveted  together,  and,  at  the  four  quadrant  joints, 
there  were  j-inch  butt-straps  12  inches  wide  running  the  whole  length 
of  the  shield  and  uniting  the  quadrants  and  the  two  sections.  The  mid- 
dle diaphragm,  separating  the  cutting-edge  and  tail-end  sections,  was 
made  of  two  plates,  one  riveted  to  each  of  the  two  sections,  and  these 
two  plates  bolted  together  with  the  butt-straps  united  the  sections. 

The  cutting-edge  section  contained  two  platforms,  one  vertical  and 
one  horizontal,  of  the  same  length  as  the  section. 
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To  erect  this  shield  the  only  riveting  necessary  was  at  the  four  butt- 
strap  joints  in  the  tail-end  section,  where  it  was  necessary  to  preserve  a 
flush  surftice  on  both  sides  of  the  outer  shell.  In  the  cutting-edge  part 
countersunk  bolts  were  used  through  the  butt-straps.  About  380  ^S-inch 
bolts  and  160  rivets  were  used  to  erect  the  shield.  Two  doors  closing 
each  of  the  four  working  chambers  were  hung  on  the  vertical  platform, 
and  were  provided  with  fastenings  so  that  the  whole  face  could  be  easily 
closed. 

To  drive  the  shield  12  5-inch  hydraulic  jacks  were  used,  designed 
for  a  working  pressure  of  5,000  pounds  per  square  inch,  or  600  tons  on 
the  whole  shield.  These  jacks  were  controlled  by  two  block-valves,  one 
placed  on  each  side  of  the  shield.  Each  of  these  block-valves  consisted 
of  six  independent  valves  all  in  one  compact  casting,  each  of  which  had 
a  pressure  and  exhaust  stem.  Half-inch  XX  pipe  was  used  for  connect- 
ing each  jack  with  its  valve,  and  1-inch  hydraulic  pipe  was  used  for  the 
pressure-main  which  was  connected  with  the  shield  block-valves  by 
three  swivel-joint  connections.  To  furnish  the  pressure,  a  very  compact 
little  pump,  designed  by  Watson  &  Stillman,  of  New  York,  was  used 
without  an  accumulator,  the  pressure  being  very  nicely  governed  by  a 
steam-regulating  valve. 

On  September  22d  work  was  resumed  on  the  New  York  side,  with 
a  small  force  of  men  working  days  only,  to  excavate  in  the  rock  an  en- 
larged chamber  about  15  feet  back  from  the  face,  in  which  to  erect  the 
shield.  This  chamber  was  made  circular  about  15  feet  in  diameter  and 
10  feet  long.  Back  from  this,  the  rock  was  taken  out  in  a  circular  form 
of  about  11  feet  diameter,  for  some  14  feet,  or  enough  for  about  10  rings 
of  the  cast-iron  segments  which  were  here  erected  in  the  rock,  the  spaces 
between  being  thoroughly  grouted  with  Portland  cement.  These  rings 
were  thus  made  solid  in  the  rock  to  withstand  the  thrust  of  the  shield- 
jacks  upon  the  lining.  The  blasting  necessary  in  this  work  was  made  as 
light  as  possible,  but  it  was  not  without  its  effect  upon  the  soft  material 
in  the  heading,  a  considerable  quantity  of  the  black  mud  being  washed 
through  the  bulkhead,  while  the  braces  showed  signs  of  a  heavy  strain 
from  the  squeezing  of  the  material.  The  shield  arrived  at  the  works  on 
November  10th,  and  the  work  of  erection  was  immediately  begun.  The 
sections  were  lowered  down  the  shaft  and  taken  through  the  air-lock  to 
the  shield-chamber.  On  the  17th  of  November  the  shield  was  all  as- 
sembled, and  riveting  the  tail-end  sections  was  commenced.  For  heating 
the  rivets  in  the  air-chamber  a  forge  was  used,  with  a  hood  to  which  was 
connected  at  the  top,  a  two-inch  pipe  with  a  valve  which  extended 
through  the  air-lock  bulkhead.  By  means  of  this  pipe  all  the  obnoxious 
gases  from  the  furnace  were  removed  from  the  air-chamber.  After  the 
riveting  was  finished,  the  shield  was  brought  to  its  right  position  for  line 
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and  grade,  the  hydraulic  jacks  and  valves  put  in  place,  and  the  neces- 
sary connections  made.  On  the  24th  of  Kovember  word  was  received 
that  the  work  on  the  New  York  side  was  to  be  pushed  with  all  possible 
speed,  and  a  force  was  at  once  organized  of  three  gangs,  working  in  eight- 
liour  sliifts.  More  rings  were  built  on  the  ten  rings  already  anchored  in 
the  rock,  until  the  tunnel-lining  was  brought  within  the  tail-end  of  the 
shield. 

The  shield  was  now  advanced  until  it  was  necessary  to  disturb  the 
bulkhead,  the  remaining  bench  ahead  of  the  shield  being  blasted  out  as 
the  shield  j)rogressed.  The  most  difficult  part  of  the  work  was  now 
reached,  for  at  the  point  where  the  shield  entered  the  soft,  black  mud  on 
top  there  still  remained  about  12  feet  of  hard  rock  in  the  bottom,  as  the 
dip  of  this  vein  was  over  40°  toward  Long  Island.  Blasting  had  there- 
fore to  be  continued  in  the  bottom  pockets  of  the  shield  after  the  top 
had  entered  the  much  softened  material.  As  soon  as  the  bulkhead  was 
passed  it  was  with  great  difficulty  that  the  bottom  pockets  could  be  kept 
clear  of  the  black  slush  from  overhead.  The  material  had  become  so 
softened  along  the  rock  face  that  it  was  almost  impossible  to  confine  it, 
and  several  rushes  of  inflowing  material  occurred,  until  finally  an  open 
connection  with  the  river  was  established,  and  the  tunnel  was  visited  by 
crabs  and  mussels,  together  with  boulders  old  boots  and  shoes,  brick, 
and  tinware  direct  from  the  river  bottom.  Notwithstanding  these  adverse 
circumstances  the  work  was  still  progressing,  although  in  45  pounds  of 
compressed  air,  which  was  now  escaping  through  the  heading  and  causing 
a  very  violent  ebullition  on  the  river  surface.  This  upward  current  of 
air  held  in  check  the  doAvnward  current  of  water,  so  that  no  efforts  were 
made  to  prevent  its  escape.  On  December  13th  the  shield  finally  cleared 
the  rock  and  was  now  fully  entered  into  the  soft,  black  mud.  The  main 
difficulty  now  surmounted,  the  work  progressed  more  rapidly,  and  the 
shield  soon  reached  undisturbed  material,  which  was  found  quite  dry 
and  hard.  It  was  still  the  same  black  mud,  with  occasional  lumps 
like  charcoal,  and  numerous  nodules  of  pyrites,  which  glistened  like 
silver  in  the  black  peat-like  mud.  Mattocks  were  used  by  the  men  in 
the  working  chambers,  who  would  clean  out  these  four  compartments  to 
within  a  foot  of  the  cutting  edge.  As  soon  as  this  was  done  hydraulic 
pressure  was  put  upon  the  jacks,  sometimes  to  the  amount  of  5,000 
pounds  per  s(juare  inch,  and  the  shield  forced  ahead  16  or  18  inches, 
enough  Ibr  another  ring  of  plates,  the  working  chambers  again  being 
filled  with  the  displaced  material.  On  the  24th  of  December  the  last 
of  the  black  mud  was  })assed  through,  and  lying  next  to  it,  at  an  angle 
of  40°  towards  Long  Island,  white  decomposed  feldspar  was  found,  con- 
taining fragments  of  decomposed  (|uartz  charged  with  sulphuretted 
hydrogen.     An   im])ortant  departure  was  now   made  in  the  method  of 
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erecting  the  cast-irou  liiiiug  rings  by  breaking  joints  with  the  segments. 
In  all  the  ii'on-lined  tunnels  it  has  been  the  established  custom  to  erect 
the  rings  with  continuous  horizontal  joints.  For  some  reason  it  was 
thought  inadvisable  to  attempt  breaking  joints  with  the  segments.  The 
writer's  experience  in  the  Hudson  tunnel  had  shown  him  the  importance 
of"  obtaining,  in  soft,  squeezing  ground,  a  ])erfectly  rigid  tunnel-ring. 
In  a  material  exerting  hydrostatic  pressure  the  tunnel  lining  is  subjected 
to  a  resultant  strain,  tending  to  flatten  the  ring,  or  decrease  its  vertical 
diameter.  Any  yielding  to  this  strain  results  both  in  increasing  the 
deforming  pressure  and  in  decreasing  the  power  of  the  ring  to  resist 
the  strain.  In  a  lining  erected  with  continuous  joints  the  rigidity  of  the 
ring  is  dependent  upon  the  bolting  in  the  horizontal  joints.  At  the 
Hudson  River  tunnel  a  ring  of  plates  were  bolted  together  lying  flat  on 
the  ground,  the  plates  all  brought  to  a  true  circle,  and  the  two  1 3-inch 
bolts  in  each  joint  well  tightened.  Upon  raising  this  ring  with  a  derrick, 
so  that  it  stood  erect,  the  ring  was  flattened  three  inches  by  its  own  weight. 
At  the  gas  tunnel  a  similar  experiment  was  made;  tw'o  rings  of  plates 
were  bolted  together,  breaking  joints,  one  ring  being  revolved  two  holes. 
These  two  rings  were  then  raised  upright,  but  no  flattening  could  be  de 
tected.  By  means  of  a  turnbuckle  a  measured  strain  was  now  brought 
upon  the  rings  along  the  vertical  diameter.  At  16,000  pounds  the  ver- 
tical diameter  was  shortened  ^  inch,  the  flanges  of  the  plates  cracking 
where  the  turnbuckle  was  attached.  In  these  two  instances  there  was, 
of  course,  a  great  difierence  in  the  size  of  the  rings,  those  in  the  Hudson 
tunnel  being  18  feet  inside  diameter,  while  those  in  the  gas  tunnel  were 
only  10  feet  2  inches  inside  diameter.  Aside  from  the  rigidity  gained, 
breaking  joints  has  proved  much  the  better  plan  in  other  ways.  With 
continuous  joints,  two  things  are  apt  to  occur : 

First. — The  joint-face  where  two  rings  meet  may  become  slightly 
wai'ped  ;  that  is,  all  points  on  this  face  of  the  ring  will  no  longer  lie  in 
the  same  plane.  This  may  be  caused  by  carelessness  in  allowing  dirt  to 
get  into  the  joints  between  the  rings.  When  this  once  occurs  the  warp- 
ing increases  with  every  additional  ring  till  true  joints  can  no  longer  be 
made. 

/Second. — The  rings  may  be  erected  so  as  to  depart  gradually  fi-om 
a  true  circular  form.  This  latter  case  is  impossible  where  the  joints  are 
broken,  and,  in  the  former  instance,  by  breaking  joints,  the  error  is 
divided  and  distributed  around  the  ring  until  it  disappears.  On  Janu- 
ary 16,  1894,  the  end  of  the  soft  seam  was  reached  with  the  shield,  aud 
rock  was  again  entered  after  having  passed  through  98  feet  of  soft  ground. 
This  rock  resembled  slightly  the  rock  on  Blackwell's  Island.  It  was  in 
a  much  shattered  condition,  with  many  loose  heads  and  small,  soft  veins. 
As  this  material  required  support  in   the  heading  and   a  permanent 
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lining,  and  as,  in  its  present  condition,  there  was  no  assurance 
that  it  might  not  a<raia  pass  into  soft  material — shield  tunneling 
was  still  continued.  Small  machine-drills  were  set  up  in  the 
four  working  chambers  of  the  shield  upon  arms  bolted  to  the 
vertical  platform,  and  the  rock,  drilled  and  blasted,  just  ahead  of 
the  shield.  The  progress  of  4  feet  per  day  was  made  in  this  material,  of 
which  there  was  about  65  feet,  the  rock  then  becoming  much  more  solid 
with  a  roof  that  was  self-sustaining,  arrangements  were  made  for  remov- 
ing the  shield.  On  February  18th  the  work  of  removing  the  shield  was 
begun,  and  two  days  later  everything  was  ready  for  the  regular  rock- 
tunnel  work  in  the  heading,  the  shield  having  been  taken  apart  and  re- 
moved in  that  time.  At  about  the  time  that  shield-tunneling  was  being 
discontinued  at  New  York  it  was  being  installed  at  Long  Island.  An 
entire  duplicate  plant  had  been  ordered  for  this  side,  for  although  it  had 
been  originally  intended  to  use  one  shield  for  both  headings,  it  was  later 
deemed  advisable  to  provide  a  shield  for  each  heading,  so  that  there  might 
be  no  delay,  should  soft  ground  be  met,  in  both  headings  at  the  same 
time.  In  passing  through  the  soft  seam  at  Ravenswood  with  the  shield, 
no  especial  difficulties  were  met.  The  material  proved  to  be  a  mass  of 
soft  rock  fragments,  boulders  and  cinder-like  stones  imbedded  in  soft, 
green  chlorite.  About  a  mouth  was  consumed  in  })assing  through  this 
seam,  removing  the  shield,  and  prolonging  the  cast-iron  lining  well  into 
the  rock  on  both  sides  of  the  vein.  With  both  tunnel  headings  now  in 
rock,  remarkably  rapid  progress  was  made,  and  as  progress  now  had  be- 
come of  great  importance  to  the  company,  a  liberal  bonus,  arranged  on  a 
sliding  scale,  was  given  the  foremen  for  work  done  over  stated  amounts. 
Up  to  the  time  of  the  headings  meeting  an  average  progress  of  69  feet 
per  week  was  made,  while  in  rock,  on  both  the  New  York  and  the  Long 
Island  sides.  The  record  week  of  the  work,  was  the  one  ending  June 
27th,  when  at  Ravenswood  95  feet  was  driven,  while  on  the  New  York 
side,  the  heading  was  advauced  101  feet,  making  a  total  for  the  week  of 
196  feet  of  tunnel  driven.  Soon  after  the  rock  tunneling  had  been  re- 
sumed on  the  New  York  side,  this  heading  reached  Blackwell's  Island, 
and  the  troubles  on  this  side  were  over.  But  at  Ravenswood  with  the 
heading  in  white  limestone  there  was  every  reason  to  expect  further  soft 
seams  where  the  rock  should  change  to  the  granitic  gneiss  of  Black- 
well's  Island.  These  expectations  were  not  disappointed,  for  after 
l)assing  through  350  feet  of  the  limestone,  and  when  within  200  feet  of 
Blackwell's  Island,  a  soft  seam  was  met,  and  air-pressure  had  to  be  once 
more  used  in  the  heading.  As  this  seam  was  but  14  feet  in  width,  and 
presented  no  especial  difficulties,  the  tunnel  was  carried  through  it  with- 
out using  the  shield,  the  cast-iron  segments  being  erected  under  a 
timber  roof.     Gneiss  was  encountered  on  the  other  side  of  this  soft  vein, 
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which  brought  with  it  the  assurance  that  the  last  of  the  soft  ground  had 
been  passed.  On  May  16th  a  serious  loss  and  delay  was  caused  by 
a  fire  which  destroyed  the  New  York  works.  The  fire  started  in 
an  adjoining  picnic  ground,  containing  many  light  frame  structures, 
which  caused  so  fierce  a  conflagration  that  it  was  impossible  to  save 
our  works.  This  caused  a  delay  of  three  weeks  in  the  time  of  the 
tunnel's  completion.  On  July  11,  1894,  the  remaining  15  feet  of 
rock  between  the  headings  was  blasted  away,  thus  opening  the  pioneer 
tunnel  under  the  East  River,  two  years  from  the  time  when  ground  was 
first  broken.  Some  weeks  were  spentin  clearing  up  and  shutting  out  the 
water  in  the  wet  places.  A  three-foot  gas  main  was  now  laid  through  to 
New  York,  and  on  October  15th  gas  was  delivered  into  the  city,  accom- 
plishing the  purpose  of  the  tunnel. 
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THE    ABOIilTIOX    OF    GRADE      CROSSINGS    BETWEEX 
RAILROADS    AXD    HIGHWAYS. 


Papers   Read   and   Discussions   Had  at   the   Meetings   of   the   Bostoj? 

Society  of  Ciyfl  Engineers,  September  21,  1892, 

AND  December  19,  1894.* 


I.    Tlie  Gratliuil  Abolition  of  Higli^vay  Grade  Crossings. 


Bv   THE   LATE   AUGUSTUS   W.    LoCKE. 


[Read  September  21,  1892.t] 

Ix  the  United  States,  the  grade  crossiag  is  uow  the  rule,  while  the 
crossing  above  or  below  grade  may  properly  be  called  the  exception. 
And  in  this  respect  there  is  but  little  difference  between  city  and  country. 
In  a  few  cities,  as,  for  instance,  in  New  York,  Philadelphia,  Baltimore 
and  Rochester,  a  good  deal  of  work  has  been  done  by  way  of  remedy ; 
and  in  Hartford,  Springfield  and  Boston  a  considerable  expense  has  been 
incurred,  mostly  applied  to  a  few  crossings,  and  a  good  beginning  has 
been  made.  But,  as  a  general  thing,  throughout  the  land  the  city 
streets  cross  at  grade. 

Literature  relating  to  this  subject  seems  to  be  scarce.  It  has  not 
engaged  the  attention  either  of  engineers  or  of  the  public  until  within  a 
very  few  years.  I  do  not  know  that  anything  was  written  before  the 
year  1884.  At  the  present  time  there  are  five  American  engineering 
reports,  with  the  comments  thereon  in  the  engineering  papers,  and  there 
are  articles  in  the  reports  of  the  Railroad  Commissioners  of  Massachu- 
setts, Connecticut  and  New  York,  printed  from  time  to  time.  It  does 
not  appear  that  English  engineers  have  written  much  on  the  subject,  or, 
if  they  have,  it  has  not  become  very  widely  known,  as  I  have  inquired 

*  Manuscript  received  April  22,  1895. — Secretary,  Ass'n  of  Encj.  Socs. 

t  Owing  to  the  fact  that  the  author  of  this  paper  had  entered  into  a  contract 
with  the  publishers  of  a  magazine  to  prepare  one  or  more  articles  upon  the  subject  of 
grade  crossings,  and  that  it  was  a  stipulation  of  that  contract  that  the  information 
should  not  be  used  for  publication  until  after  the  appearance  of  the  magazine  article, 
it  has  been  found  neces-ary  to  withhold  the  present  paper  from  publication  in  the 
proceedings  of  the  Society.  The  delay  in  the  appearance  of  the  magazine  article 
has  been  occasioned,  in  part,  by  the  author's  death,  which  occurred  before  the 
articles  were  entirely  completed. 

As  the  publication  of  these  articles  will  not  occur  before  September,  it  has 
been  thought  best  to  print  the  following  brief  abstract  from  the  paper  in  connection 
with  the  otlier  matter  now  presented. — Secretary,  Boston  Society  of  Civil  Engineers. 
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of  a  cousitlerable  number  of  them,  including  the  Secretary  of  the  Insti- 
tution of  Civil  Engineers,  of  London,  and  have  beeu  unable  to  find 
anything. 

That  literature  of  the  kind  is  not  very  plenty  is  shown  by  the  fact 
that  the  descriptive  Index  of  current  engineering  literature  published 
by  the  Association  of  Engineering  Societies,  and  covering  the  years  from 
1884  to  1891  inclusive,  contains,  so  far  as  I  can  find,  ouly  one  allusion  to 
the  subject  under  any  head,  that  one  allusion  being  to  the  German  Report 
translated  by  Professor  Swain  in  1889, 

In  the  report  of  the  Railroad  Commissioners  of  Massachusetts  for 
1884,  there  is  a  chapter  on  the  subject,  given  in  response  to  a  request 
from  the  Legislature.  In  this  chapter  the  subject  is  discussed,  but  no 
remedy  is  suggested.  In  1887  and  1888  reports  on  the  grade  crossings 
in  a  part  of  the  city  of  Buffalo  were  made  by  the  Railroad  Commis- 
sioners of  New  York  and  also  by  a  Board  of  Engineers  consisting  of 
John  Bogart,  Arthur  M.  Wellington,  George  E.  Mann,  George  W. 
McNulty,  Walter  Katte,  C.  W.  Buchholz  and  Henry  Flad.  These 
reports  contained  recommendations  as  to  what  changes  should  be  made, 
and  estimates  of  the  amount  of  change. 

On  February  1,  1889,  a  report  was  made  to  the  Legislature  of 
Massachusetts  by  a  Board  of  three  engineers,  members  of  this  Society, 
George  A.  Kimball,  William  0.  Webber  and  the  writer.  This  report  set 
forth  plans  and  approximate  estimates  for  the  relief  of  eight  cities  and 
fourteen  towns,  and  recommended  against  the  establishment  of  new  grade 
crossings.  The  Board  recommended  that  the  work  of  abolishing  existing 
ones  should  be  begun  on  a  systematic  plan,  and  that  some  Board  or 
Court  should  be  clothed  with  authority  to  carry  it  out,  and  held  that  a 
period  of  forty  years  would  be  a  reasonable  time  to  allow  for  getting  all 
the  work  done. 

In  the  report  of  the  Railroad  Commissioners  of  Massachusetts  for 
1889,  the  subject  was  discussed  at  length.  In  this  report  the  Commis- 
sioners discussed  the  means  by  which  the  danger  at  grade  crossings 
may  be  diminished  by  reducing  the  speed  of  trains  at  unprotected  cross- 
ings on  branch  lines,  by  changing  the  location  of  the  highways  so  as  to 
cross  at  right  angles,  by  removing  trees,  rocks,  bushes  or  banks  which 
obstruct  the  view,  by  the  use  of  electric  signals  and  by  the  use  of  gates 
and  flagmen,  and  by  the  arrest  and  punishment  of  any  who  risk  their 
lives  by  crossing  when  gates  are  shut  or  flags  displayed.  The  Com- 
missioners did  not  approve  of  prohibiting  new  grade  crossings  altogether, 
nor  did  they  express  any  opinion  as  to  what  means  could  be  adopted  for 
bringing  about  a  separation  of  grades  at  existing  crossings. 

In  their  report  for  1890  the  Railroad  Commissioners  reported  again 
on  the  subject,  repeating  their  recommendations  of  the  previous  year. 
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The  Board  also  strongly  urged,  in  a  general  way,  that  the  grade  cross- 
ings ought  to  be  abolished,  but  did  not  go  into  the  subject  sufficiently 
in  detail  to  suggest  methods  of  procedure. 

In  their  annual  reports  the  Railroad  Commissioners  of  Connecticut 
and  of  New  York  have  furnished  information  on  the  subject,  and  have 
discussed  it  from  time  to  time. 

On  February  1,  1892,  a  report  was  made  to  the  city  of  Worcester 
Jby  a  Board  of  Engineers  consisting  of  three  members  of  this  Society, 
Mr.  Charles  A.  Allen,  Mr.  John  W.  Ellis  and  the  writer.  This  report 
has  been  printed.  In  it  are  set  forth  methods  for  abolishing  all  grade 
crossings  within  the  city  limits. 

Several  methods  are  discussed  for  the  thickly  settled  part  of  the 
city,  and  their  merits  and  demerits  are  explained,  but  the  plan  there 
recommended  is  to  raise  the  tracks  and  depress  the  streets.  For  cross- 
ings in  the  suburbs,  such  plans  are  recommended  as  seemed  best  adapted 
to  each  locality.  In  this  report  the  amount  of  travel  on  the  streets  and 
on  the  railroads  is  showu,  and  the  interests  of  the  people  who  travel  on 
the  streets  and  on  the  railroads,  together  with  those  of  the  railroad 
stockholders,  are  discussed.  It  was  found  that,  at  several  crossings,  the 
travelers  along  the  street  outnumbered  the  travelers  along  the  railroad, 
at  one  point  three-fold.  The  authors  of  this  report  recommended 
brick  or  stone  arches  for  carrying  the  tracks  across  the  street,  and 
where,  owing  to  lack  of  head-room  or  long  span,  arches  were  found 
undesirable,  they  recommended  iron  bridges  with  tight  floors.  On  page 
75  of  this  report  the  following  statements  are  made  with  reference  to 
bridge  floors : 

"  The  ordinary  railroad  bridge  floor  is  a  very  unsatisfactory  thing 
to  have  over  a  city  street.  The  noise  of  trains,  when  passing  at  fast 
speed  across  such  a  bridge,  is  very  annoying  and  frequently  frightens 
horses.  Grease  from  the  cars  and  engines  and  from  the  track  falls 
upon  the  street  beneath.  The  ties  and  rails  are  apt  to  become  very 
dirty  in  the  vicinity  of  stations  and  yards  where  trains  are  accustomed 
to  stop  and  where  switching  is  done.  When  it  rains,  or  when  snow  or 
ice  thaws,  the  water,  which  dri})s  from  the  bridge  upon  the  street  below, 
is  apt  to  be  dirty.  Those  walking  upon  the  sidewalk  can  be  partly 
protected,  as  is  often  done,  by  a  wooden  roof  extending  to  the  curb- 
stone,which  is  necessarily  a  somewhat  uncouth  and  disagreeable  structure, 
but  it  is  impracticable  to  protect  the  people  passing  in  the  drive-way 
when  this  kind  of  a  floor  is  used.  The  water  which  runs  down  between 
the  tracks,  along  the  railroad  embankment,  is  very  apt  to  be  neglected 
and  allowed  to  run  down  over  the  face  of  the  abutment  to  the  sidewalk 
and  make  a  very  disagreeable  state  of  things.  And  in  the  winter  the 
drippings  generally  freeze  uj^on  the  face  of  the  abutment  and  upon  the 
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sidewalk.  All  of  these  iiuuoyauces  can  be  avoided  by  the  construction 
of  brick  or  stone  arches  to  carry  the  tracks  over  the  city  streets  wherever 
the  s})an  and  amount  of  available  height  will  admit  of  it.  At  all  other 
places  iron  bridges  with  solid  water-tight  concreted  floors  should  be 
constructed." 

The  latest  printed  report  on  the  subject  was  made  to  the  city  of 
Buffalo  on  the  9th  of  the  present  month,  and  was  prepared  by  Mr.  E. 
L.  Corthell,  of  Chicago,  and  the  writer.  This  report  makes  recom- 
mendations for  abolishing  76  crossings,  mostly  by  lowering  the  streets 
and  raising  the  tracks.  It  deals  with  the  peculiar  state  of  things 
existing  in  Buffalo,  where  there  are  500  miles  of  main  tracks  and  yards 
within  the  city  limits,  and  a  very  large  number  of  crossings,  said  to  be 
300.  The  report  deals  only  with  the  principal  business  part  of  the  city. 
It  has  been  recently  published  in  the  Buffalo  papers. 

In  the  Buffalo  report  the  position  is  taken  that  the  streets  should 
be  maintained  at  their  full  width,  and  the  railroads  provided  with 
means  of  passing  at  full  speed  to  and  from  their  stations  ;  that  but  few 
streets  should  be  closed  and  that  the  present  ruling  grades  for  streets  in 
the  various  sections  of  the  city  should  not  be  increased.  Three  per  cent, 
was  recommended  as  a  maximum,  that  being  the  heaviest  now  existing 
in  the  vicinity.  Nearly  the  whole  of  the  area  under  consideration  is  less 
than  18  feet  in  elevation  above  the  ordinary  level  of  Lake  Erie.  The 
report  recommends  a  head-room  of  20  feet  over  tracks,  and  from  12]  to 
15  feet  over  streets.  In  18  mouths,  61  travelers,  on  these  streets,  were 
killed  while  attempting  to  cross  the  tracks. 

The  first  work  done  in  the  city  will  often  determine  the  system 
upon  which  subsequent  work  must  be  carried  out.  For  instance,  if  one 
important  street  is  carried  under  the  railroad  without  changing  the 
tracks,  the  tendency  is  to  carry  the  other  streets  in  the  vicinity  under 
in  the  same  way,  because  (1)  in  such  a  case  the  tracks  cannot  be 
lowered  much  without  throwing  away  the  work  already  done,  (2)  it 
would  not  be  well  to  lower  one  street  and  raise  another  in  its  immediate 
vicinity,  and  (3)  it  would  probably  be  said  that  if  one  street  has  been 
depressed  to  a  certain  grade  the  others  could  also  be  depressed  to  the 
same  grade.  It  will  generally  be  found  most  advantageous,  to  the  rail- 
road and  to  the  cities,  to  have  a  full  plan  decided  upen  before  going  to 
work,  in  order  that  all  interests  may  be  considered  together — the  station, 
the  bulk  tracks  and  the  private  sidings,  as  well  as  the  streets. 

Where  sidings  are  not  too  numerous  it  will  sometimes  be  found  to 
be  cheapest  to  raise  or  lower  the  tracks,  rather  than  to  confine  the 
change  altogether  to  the  streets.  In  cities,  the  latter  plan  is  apt  to 
entail  large  expenses  for  damage  done  to  adjoining  estates,  while,  as  a 
general  thing,  damages  for  changes  in  the  grade  of  the  railroad  cannot 
40 
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be  recovered  by  adjoining  owners.  A  wise  provision  in  our  laws  calls 
for  a  clearance  of  18  feet  above  the  rails,  and,  if  any  change  were  to  be 
made  from  this  figure,  it  would  probably  be  increased,  as  the  tendency 
is  to  increase  the  heights  of  all  cars.  Measurements  recently  made  in 
the  citv  of  Buffalo  showed  that  there  were  running  into  the  citv,  freight 
cars  measuring  14.2  feet  from  the  rail  to  the  top  of  the  running-board, 
and  others  14.8  feet  to  the  top  of  the  brake  wheel,  while  on  the  Michigan 
Central  Railroad  cars  were  allowed  to  be  loaded  to  a  height  of  15  feet 
4  inches.  Continuous  air  brakes  on  all  freight  trains,  much  as  they  are 
to  be  desired,  do  not  seem  to  be  within  our  reach  at  present,  and  it  may 
be  doubtful  whether  it  will  not  for  many  years  be  necessary  for  men  to 
be  on  the  tops  of  freight  cars  and  to  use  hand  brakes  in  and  about 
freight  cars  and  stations.  So  I  am  unable  to  see  any  practicable  way  to 
avoid  raising  the  streets,  where  it  becomes  necessary  to  raise  them,  to 
the  full  height  required  by  the  present  law  of  this  State,  or,  it  may  be, 
even  higher,  as  is  now  required  on  various  railroads  in  the  West.  And, 
of  course,  every  extra  foot  of  height  in  such  cases  adds  very  largely  to 
the  expense  of  the  work  and  to  the  damage. 

While  the  necessity  of  the  abolition  of  the  crossings  will  probably 
not  be  seriously  questioned  here,  it  will,  on  the  other  hand,  be  granted 
that  the  expense  would  be  very  great,  and  the  question  naturally  arises 
whether  the  community  can  afford  it.  The  public  at  large  will  finally 
have  all  the  bills  to  pay.  The  expense  may  be  brought  upon  the  rail- 
roads somewhat  uniformly,  so  that  no  one  road  shall  be  given  a  great 
advantage  over  the  others,  but  if  it  should  increase  the  cost  of  trans- 
portation by  increasing  the  fixed  charges,  or  if  it  should  prevent  the 
rates  from  being  lowered  as  they  have  heretofore  been  lowered  from 
year  to  year,  whatever  burden  should  arise,  it  would  have  to  be  borne 
by  the  people  at  large,  for  whom  the  railroads  do  business.  The  English 
have  been  able  to  afford  these  improvements  from  the  very  beginning 
of  their  railroad  system  ;  we  are  richer  to-day,  and  our  wealth  per 
individual  is  greater.  In  communities  like  the  State  of  Massachusetts, 
the  inhabitants  have  advanced  in  wealth  far  beyond  the  necessity  of 
confining  themselves  continuously  to  getting  food  and  protection  from 
the  weather.  They  are  in  condition  to  have  many  things  which  a  settler 
in  a  new  country  would  not  expect.  We  seem  to  afford  elegant  stations, 
and  cars  which  cost  a  small  fortune  apiece,  and  probably  we  shall  afford 
to  have  the  crossings  abolished  gradually  as  the  opportunity  presents 
itself. 

The  passenger  stations  also  demand  some  attention  in  considering 
this  question.  Some  of  our  passenger  stations  are  among  our  very  worst 
and  most  dangerous  grade  crossings.  On  some  of  our  double  track  roads 
there  is  no  restraint  whatever.     Persons  jiass  back  and  forth  across  the 
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tracks  at  will,  boys  play  ou  the  tracks  iu  front  of  fast  express  trains 
passengers  have  to  cross  the  tracks  to  reach  their  trains.  Important 
stations  are  often  placed  at  a  highway  grade  crossing,  and  the  greatest 
care,  on  the  part  of  the  gate-keeper  and  the  enginemen,  will  not  prevent 
accidents.  The  English  stations  are  far  superior  to  most  of  ours  in  this 
respect.  Their  express  trains  run  at  full  speed  through  stations  where  a 
large  business  is  done  ;  and  there  is  seldom  any  reduction  of  speed  except 
where  the  train  is  due  to  stop.  The  ability  to  do  this  in  safety  is  obtained 
only  by  keeping  the  people  out  of  the  way.  Bridges,  or  subways,  are 
used  for  passing  from  one  side  of  the  station  to  the  other,  and  the  passen- 
ger, when  entering  a  station  where  through  trains  pass,  shows  his  ticket 
and  goes  to  the  proper  stairway,  which  takes  him  to  the  platform  from 
which  his  train  will  start.  AVe  have  a  very  few  stations  arranged  some- 
what after  this  manner. 

I  know  it  is  sometimes  said  that  our  gates  are  good  enough,  that  they 
indicate  to  the  people  that  trains  are  approaching,  and  that  it  is  the  duty 
of  all  to  take  warning ;  that  level  passenger  stations,  with  no  way  of 
access  to  half  the  trains  except  by  crossing  tracks  in  front  of  the  other 
half,  or  by  going  through  them,  are  all  right  if  people  will  only  exercise 
care.  But  I  would  like  to  be  understood  as  disagreeing  entirely  with 
that  theory.  The  time  and  energy  of  the  people  ought  to  be  directed  to 
other  matters  than  watching  for  their  lives  when  traveling  on  the  high- 
way, or  when  taking  trains  at  stations,  esi^ecially  so  when  well-known 
remedies  are  within  reach. 

And  it  should  further  be  borne  in  mind  that  there  is  one  portion  of 
our  population,  the  children,  who  are  not  supposed  to  be  able  to  exercise 
the  constant  vigilance  and  care  of  which  older  persons  are  capable.  They 
have  to  pass  along  the  highway,  to  school  and  elsewhere,  alone.  Who  is 
to  look  after  them  ? 


II.    Abolition  of  Gra:le  Crossiutfs. 


By  James  W.  Rollins,  Jr.,  Member  op  the  Boston  ^Society  of  Civil 

Engineers. 


[Read  December  19,  1894.] 

In  the  early  days  of  railroading  in  this  State,  from  1830  to  1850, 
when  railroads  were  new,  money  scarce,  and  the  public  eager  to  get 
better  facilities  for  coramei'ce  and  travel,  the  main  question  at  issue  was, 
Junv  to  get  the  railroads  built,  and  not  in  what  manner  and  under  what 
restrictions  shall  they  be  built. 

Two  or  three  trains  a  day  sufficed  to  accommodate  both  freight  and 
passengers,  and  the  crossing  of  the  highways,  not  so  numerous  then  as 
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now,  must  have  aflbrded  the  natives  a  good  and  Avelcome  chance  of  see- 
ing the  engine  and  cars  as  they  went  by. 

Grade  crossings  then  must  have  been  popular,  for  the  cheapness  of 
their  construction  saved  the  railroad  comj^auies  much  money,  while 
their  use  saved  the  public  much  labor,  both  of  man  and  beast,  in  climbing 
up  and  down  in  order  to  pass  over  or  under  bridges. 

So  the  grade  crossings  came,  thousands  of  them,  and  not  until  the  last 
twenty  years  has  public  opinion  been  turned  against  them. 

In  justification  of  the  early  methods  of  railroad  construction  in 
which  grade  crossings  were  considered  to  be  not  an  evil,  but  often  a 
necessity,  the  Railroad  Commission  has  several  times  expressed  its 
opinion.     In  1889,  it  said  : 

"  It  is  unnecessary  to  go  into  a  careful  examination  of  the  law  in 
regard  to  the  establishment  of  grade  crossings  at  different  periods  in  the 
history  of  our  railroads.  For  the  purpose  of  the  present  inquiry  it  may 
be  presumed  that  the  existing  grade  crossings  have  been  created  under 
the  authority  of  the  Legislature,  and  subject  to  such  limitations  as  it  has 
from  time  to  time  seen  fit  to  impose. 

"  When  the  main  lines  of  the  railroads  were  built  in  this  State,  the 
problem  was  a  somewhat  different  one  from  that  which  presented  itself 
in  England  and  on  the  Continent. 

"  There  the  districts  through  which  the  railroads  were  to  run  were 
comparatively  thickly  settled.  There  was  greater  immediate  necessity 
for  avoiding  grade  crossings,  and  the  prospective  earnings  of  the  roads 
were  such  as  to  justify  a  larger  expenditure  than  could  have  been  profita- 
bly incurred  in  a  district  such  as  the  interior  of  our  State  was  from  forty 
to  sixty  years  ago.  After  the  feasibility  of  the  transportation  of  passen- 
gers and  freight  by  railroad  was  demonstrated,  the  next  question  was, 
whether  it  would  pay,  and,  in  determining  this  question,  the  original 
cost  of  construction  was  a  most  important  item.  It  is  probable  that  the 
building  of  our  roads,  and  the  consequent  growth  and  prosperity  of  our 
State,  would  have  been  retarded  many  years  if  the  Legislature,  in  the 
infancy  of  railroads,  forseeing  the  difficulties  which  now  beset  us,  had 
legislated  for  the  benefit  of  this  generation  rather  than  for  their  own. 

"  In  considering  the  evils  attendant  upon  grade  crossings,  and  the 
means  of  avoiding  them,  it  must,  therefore,  be  borne  in  mind  that  the 
existence  of  grade  crossings  is  not  due,  as  a  rule,  to  any  blindness  on  the 
part  of  the  railroad  corporations,  much  less  to  any  intentional  fault  of 
theirs,  but  rather  to  circumstances  which  they  could  not  control,  and 
which  are  appreciated  by  the  public ;  so  that  the  existing  grade  cross- 
ings not  only  were  created  by  the  authority  of,  and  with  the  sanction  of, 
the  Legislature,  but,  generally,  were  also  created  in  accordance  with  the 
wishes  of  the  vicinage. 
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"  The  history  of  the  creation  of  grade  crossings  fifty  years  ago  has 
its  counterpart  to-day  when  the  building  of  a  new  road  is  proposed.  The 
profitableness  of  the  road  is  generally  questionable.  It  is  projected  to 
furnish  facilities  to  a  promising  district,  in  the  hope  that  it  will  develop 
the  district.  Frequently  the  stock  of  the  company  is  subscribed  for  by 
the  people  along  the  proposed  route  ;  and  these  people,  being  anxious 
that  the  actual  cost  of  their  road  should  be  as  low  as  possible,  are  the 
very  ones  who  pray  for  grade  crossings — urging,  with  facts  to  back  them, 
that  the  road  cannot  be  built  if  grade  crossings  are  not  permitted. 

"  Even  those  people,  living  along  the  line,  who  are  not  subscribers 
to  the  stock,  in  their  gratification  at  the  prospect  of  railroad  facilities, 
heartily  second  any  eflforts  on  the  part  of  the  corporation  to  secure  per- 
mission for  crossings  at  grade." 

The  report  of  1880  contained  this  expression  in  regard  to  grade 
crossings :  "  All  men  conversant  with  railroads  depi'ecate  the  increase, 
and  even  the  existence  of  these  nuisances  ;  and,  in  general,  the  commu- 
nity agrees  with  them,  but,  in  each  special  application,  a  different  feel- 
ing is  shown.  Then  the  expense  of  an  overhead  crossing  by  the  highway, 
with  the  unsightliness  of  the  structure  and  the  wear  of  horse-flesh,  or  the 
inconvenience  of  a  depressed  way  with  its  injury  to  adjoining  property, 
is  urged  against  all  considerations  of  safety.  Each  citizen  is  confident 
that  no  accident  will  hap})en  to  him,  or  to  his  family  ;  while  many  resi- 
dents in  the  locality  interested,  fear  some  immediate  injury  from  jiny 
other  mode  of  crossing  than  at  grade." 

The  public  seems  now  to  take  this  position  :  that  vvhen  the  railroads 
were  built,  they  should  have  avoided  these  grade  crossings  and  built 
bridges,  and,  as  they  chose  to  do  difiereutly  then,  they  must  now  correct 
their  errors  and  spend  millions  thereby. 

In  fact,  it  sometimes  seems  as  if  public  opinion  opposed  these  cross- 
ings, merely  because  corporations  made  them,  and  not  on  account  of  any 
warrantable  objection  to  them,  based  on  facts. 

No  one  denies  that  grade  crossings  are  dangerous — particularly  to 
those  who  do  not  look  out  for  their  own  lives. 

From  1879  to  1889,  the  average  number  of  persons  killed  and 
injured  on  the  2,000  odd  crossings  in  the  State  was  43,  of  whom  22  were 
hurt  at  protected  crossings,  and  therefore,  presumably,  on  account  of 
their  own  carelessness. 

In  1893,  on  2,216  crossings,  993  of  which  were  protected,  76  persons 
were  killed  and  injured  ;  36  at  protected,  and  40  at  unprotected  crossings. 

The  consistency  of  our  Legislature  and  of  the  public  does  not  appear 
to  advantage  in  their  treatment  of  the  general  question  of  grade  crossings. 

The  former  pass  laws,  involving  the  State  in  an  expenditure  of 
$5,000,000,  to  abolish  grade  crossings,  and  then  grant  charters,  indefi- 
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nitely,  to  electric  car  companies  who  pay  nothing  for  their  location,  and 
Avho,  in  their  crossings  at  grade  with  steam  roads,  create  a  danger  far 
greater  than  ever  before  existed. 

Comparing  the  statistics  of  accidents  on  electric  roads  with  those  at 
grade  crossings  on  steam  roads,  we  find,  that  in  the  year  1893,  as  stated, 
76  persons  were  killed  or  injnred  on  steam  roads,  while,  in  the  year  end- 
ing September  30,  1893,  there  were  595  persons  killed  or  injured  by 
electric  cars  on  public  highways. 

In  the  electric  railway  construction  of  to-day,  history,  with  all  the 
faults  and  short-sightedness  of  the  past  staring  it  full  in  the  face,  is 
repeating  itself,  with  the  certain  knowledge  that  before  long  another 
overturning  of  things,  including  public  opinion,  must  come,  and  that 
the  public  highways  must  be  kept  clear  of  everything  which  endangers 
the  lives  of  those  who  travel  thereon,  either  on  foot  or  in  vehicles.  At 
the  present  time  the  public  wants  electric  railways,  and  is  willing  to  do 
anything,  to  run  any  risk,  to  get  them ;  and  it  will,  in  so  doing,  impose 
upon  coming  generations  just  such  a  burden  as  has  been  imposed  upon 
us  by  these  thousands  of  grade  crossings  made  years  ago. 

But  the  crusade  has  begun — grade  crossings  are  going,  electric  and 
other  wires  are  being  buried,  and  the  beginning  of  a  return  by  the  public 
to  common  sense  and  consistency  in  the  matter  of  electric  cars  has  been 
made,  and  one  step  toward  the  desired  end,  the  prohibition  of  a  grade 
crossing  of  an  electric  railroad  with  a  steam  road,  is  being  urged  by  the 
public  and  the  press,  and  to  such  an  extent  that  it  is  to  be  hoped  our 
coming  Legislature  will  pass  laws,  regarding  electric  roads,  in  accordance 
with  those  already  existing  and  controlling  steam  roads,  the  construction 
of  which  is  surrounded  with  all  sorts  of  safeguards  for  the  public. 

The  selectmen  of  a  town,  or  the  mayor  and  aldermen  of  a  city,  must 
approve  their  location,  and  this,  in  turn,  must  be  passed  upon  by  the 
county  and  railroad  commissioners,  while,  for  an  electric  road,  the  per- 
mission of  the  selectmen  or  aldermen  only  is  necessary,  even  though  the 
proposed  location  creates  a  grade  crossing  with  a  steam  road. 

Legislation  against  grade  crossings  began  in  1849,  when  a  commis- 
sion was  appointed  to  consider  the  crossings  at  the  northern  part  of  the 
city  of  Boston.  This  ajjplied  to  crossings  of  railroads  with  each  other, 
highways  then  not  being  considered. 

Prior  to  1872  the  law  contemplated  that  railroads  should  pay  the 
whole  cost  of  the  abolition  of  grade  crossings,  but  in  that  year  provision 
was  made  for  an  equitable  apportionment  of  the  expense  between  the 
railroads,  on  the  one  hand,  and  the  cities,  towns  and  counties  on  the 
other.  This  law  provided,  however,  for  action  only  where  all  parties  in 
interest  could  agree,  and  left  the  apportionment  to  a  commission  of  three 
men — one  representing  the  town  or  city,  one  the  railroad,  and  the  third 
a  member  of  the  Board  of  Railroad  Commissioners. 
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In  1876  the  Legislature  passed  a  law  requiriug  the  consent,  in 
writing,  of  the  Railroad  Commission  to  a  crossing  at  grade  of  a  railroad 
and  highway  in  addition  to  the  authority  of  the  County  Commissioners. 

Since  then,  however,  many  new  crossings  have  been  made,  and  the 
Commission,  while  generally  opposing  them,  have,  in  certain  special 
cases,  approved  of  them  and  allowed  their  construction. 

In  1881-82  numerous  crossings  were  granted  to  the  Massachusetts 
Central  Railroad  in  Waltham  and  Belmont,  the  almost  universal  senti- 
ment of  the  citizens  of  these  towns  being  in  favor  of  such  construction. 

Our  legislators  seem  to  be  always  ready  to  frame  and  pass  laws  for 
the  general  benefit  of  the  Commonwealth,  but  also  equally  ready  in 
special  cases,  where  facts  and  conditions  may  seem  to  warrant  them,  to 
pass  others  which  render  the  general  laws  null  and  void,  the  present 
only  being  considered.  In  compliance  with  the  general  laws  and  public 
opinion,  the  Railroad  Commission  has  for  many  years  been  strongly  op- 
posed to  grade  crossings,  sometimes  refusing  to  allow  them,  even  if  such 
a  refusal  might  "  imperil  the  whole  undertaking ;  "  while  again,  in  other 
cases,  it  offers  this  same  reason,  together  with  others  good  and  sufficient, 
as  their  ground  for  granting  such  crossings. 

These  special  laws  of  the  Legislature  are  often  the  means  and  reason 
of  such  permission,  the  Commission  taking  the  ground  that  the  Legisla- 
ture, having  granted  to  a  company  a  charter  to  build  a  road  upon  which 
it  is  evident  that  grade  crossings  must  be  created,  the  Commission  can 
but  give  its  consent,  on  the  best  conditions  obtainable  and  under  such 
restrictions  as  may  be  enforced. 

As  late  as  1893  five  grade  crossings  were  granted  to  the  South- 
bridge,  Sturbridge  and  Brookfield  Railroad,  because,  it  is  understood,  of 
such  provisions  of  their  charter  as  made  it  impossible  for  the  Railroad 
Commissioners  to  act  differently. 

Two  different  opinions  of  the  Board  are  as  follows. 

In  1890  the  Board  reported  : 

"  During  the  past  year  the  Board  was  called  upon  to  approve — and 
it  did  approve — of  nine  grade  crossings  for  the  Grafton  and  Upton 
road.  The  community  desired  that  the  road  should  be  built.  It  would 
not  have  been  built  had  not  grade  crossings  been  permitted.  The  Board 
did  not  feel  justified,  in  consequence  of  the  slight  danger  incurred  at 
such  crossings  at  grade,  in  refusing  its  approval,  thereby  depriving  the 
community  of  the  railroad  facilities  which  it  much  desired." 

In  1892,  upon  request  of  the  Plymouth  and  Middleborough  Rail- 
road for  a  grade  crossing  in  the  town  of  Middleborough,  the  Board  made 
this  report : 

"  Upon  an  examination  of  the  premises  the  Board  refused  to  give 
its  assent  to  a  crossing   of  Plymouth  Street  at  o-vade.     This  street  is 
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crossed  by  a  proposed  Hue  of  the  railroad  at  an  acute  angle,  being  an 
angle  less  than  forty-five  degrees,  and  the  estimated  expense  of  avoiding 
a  grade  crossing  was  twelve  thousand  dollars.  This  expense  could, 
however,  be  diminished  considerably  by  changing  the  location  of 
Plymouth  Street,  so  that  it  should  be  crossed  by  a  I'ailroad  more  nearly 
at  a  right  angle.  It  was  urged,  with  great  earnestness,  that  the  refusal 
of  the  Board  to  assent  to  a  grade  crossing  on  this  street  would  so  increase 
the  cost  of  building  the  railroad,  that  the  success  of  the  enterprise  would 
be  imperilled.  The  conditions  of  the  case,  however,  did  not  seem  to  be 
such  as  to  justify  granting  the  petitioners'  prayer." 

The  Legislature,  in  1884,  passed  this  resolution  : 

Resolved,  "  That  the  Railroad  Commission  examine  and  report  to 
the  next  Legislature,  upon  the  subject  of  providing  for  the  gradual 
abolition  of  grade  crossings  in  cities  and  the  populous  parts  of  towns." 

In  accordance  with  this  resolution  the  Board  reported,  in  part,  as 
follows : 

"It  is  believed  that  $100,000,000  would  be  the  cost  of  abolishing 
the  crossings  included  in  the  resolve  of  1884 — amounting  to  80  per  cent, 
of  the  existing  capital  stock  of  our  railroad  companies.  This  work,  if 
done  in  a  period  of  10  years,  would  call  for  an  annual  expenditure  of 
$10,000,000,  and  for  a  general  suspension  of  dividends  for  that  period 
at  least. 

"  It  should  not  be  forgotten  that  every  one  of  the  crossings  was 
made  under  authority  of  law,  and  by  direction  or  permission  of  the 
tribunals  appointed  to  decide  for  or  against  such  crossings.  In  some 
cases  a  statute  of  the  Commonwealth  specially  ordered  this  mode  of 
construction. 

"  In  some  other  cases,  the  company  desired  to  avoid  the  dangers  of 
a  grade  crossing,  but  was,  at  the  instance  of  the  town  authorities, 
compelled  to  construct  its  road  at  a  level  with  the  highway. 

"  The  expense  of  a  change  would  be  far  greater  than  the  cost  of 
original  construction  over  or  under  the  highways.  In  many  cases 
another  route  would  have  been  chosen,  by  which  the  crossings  would 
have  been  avoided,  but  for  the  favorable  decision." 

In  1888,  the  Legislature  })assed  a  resolve,  that  the  Governor  should 
appoint  a  Commission  of  three  competent  and  experienced  engineers, 
to  investigate  and  report  upon  the  subject  of  the  gradual  abolition  of 
grade  crossings,  with  recommendations  as  to  the  method  of  apportioning 
the  expense  of  such  work. 

This  Commission  made  a  careful  examination  of  the  whole  subject, 
and  an  exhaustive  report,  with  estimates  on  the  cost  of  the  abolition  of 
all  the  grade  crossings  in  the  State. 

The  result  of  this  was  the  Grade  Crossino;  law  of  1890,  with  which 
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you  all  are  probably  familiar  aud  under  which  the  railroad  pays  65 
per  cent,  of  the  cost,  and  the  State  and  the  town  or  city  the  balance, 
the  latter  paying  not  more  than  10  per  cent,  in  any  case. 

iVssuming  this  estimate  of  the  Board,  of  $100,000,000,  to  be  approxi- 
mately correct,  the  railroads,  under  the  law  of  1890,  would  pay,  as  their 
share  of  the  expense,  $65,000,000,  provided  the  conditions  of  the  act 
were  to  be  continued,  after  the  $5,000,000,  which  it  fixed  as  the  limit  of 
the  State's  interest,  had  been  spent,  and  until  all  the  grade  crossings 
were  abolished. 

Of  the  2,165  crossings  in  the  State,  about  1,000  are  protected,  at  an 
approximate  cost  of  $500.00  each,  or  a  total  of  $500,000,  per  year. 

This  amount,  capitalized  at  4  per  cent.,  gives  $12,500,000  as  the 
amount  which  the  railroad  companies  can  spend  on  crossings  without  loss. 
In  addition  to  this  cost  of  protection  should  be  added  the  amount  paid  by 
the  railroad  company  on  account  of  accidents  at  these  crossings.  Of  this 
I  can  find  no  data.  The  money  spent  in  excess  of  the  above  aggregate, 
deducted  from  the  65  per  cent,  which  the  railroad  company  pays,  is 
absolutely  sunk  by  the  railroad  company,  and  no  returns  come  from  it. 
When  all  the  crossings  in  the  State  are  considered,  it  looks  far  better  for 
the  railroad  company  than  when  some  individual  crossing,  or  some  group 
of  them,  is  taken  ;  as,  for  instance,  on  the  Providence  Division,  where 
twelve  crossings  are  abolished  at  an  expense  of  probably  three  and  a 
half  millions  of  dollar?,  or  nearly  $300,000  for  each  one.  The  cost  of 
protecting  these  crossings  is  probably  $20,000  a  year,  or  $500,000 
capitalized.  I  do  not  think  that  the  payment  on  account  of  accidents 
on  these  crossings  has  been  anything  of  account  for  many  years — so 
that  the  balance  of  the  cost  to  the  railroad,  55  per  cent,  of  $3,500,000, 
or  $1,925,000,  less  $500,000,  or  $1,425,000  goes  into  work  from 
which  the  company  gets  no  return  from  additional  passenger  or  freight 
receipts,  and  for  which  they  pay  annually,  at  4  per  cent.,  $57,000. 

On  the  Old  Colony  System,  there  are  now  under  way,  or  before 
commissioners,  four  schemes,  which  will  cost  over  $6,000,000. 

These  schemes  are  Providence  Division,  Chickering  to  Mt.  Hope, 
Dorchester  Avenue  and  Dover  Street,  Boston, and  at  Brockton.  lu 
addition  to  this.  Fall  River,  Taunton,  New  Bedford,  Attleboro  aud 
Clinton,  and  I  do  not  know  how  many  more  towns  or  cities,  have  begun, 
or  are  contemplating  beginning,  action  for  the  abolition  of  their  grade 
crossings,  which  w^ould  probably  cost  $5,000,000  more.  That  is  $11,- 
000,000  or  more  is  to  be  spent  on  crossings,  $7,150,000  of  which  must 
be  paid  by  the  railroad  company,  while  the  entire  capital  stock  of  the 
Old  Colony  Railroad  is  only  $14,000,000. 

Do  you  wonder  that  the  railroad  companies  go  slowly  in  their 
approval  of  these   schemes,  and   that  they  ask  where  the  money  is  to 
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come  from  to  pay  for  theui?  It  all  comes  from  the  public,  and  the  public 
still  clamors  for  lower  rates  of  fare  or  of  freight,  aud,  on  the  other  hand, 
better  facilities  in  every  way,  and  to  crown  all,  the  expenditure  of 
millions  to  abolish  these  grade  crossings,  which  originally  were  built  to 
the  satisfaction  of  the  public  and  in  accordance  with  all  the  conditions 
then  existing. 

The  liberal  policy  of  our  State,  in  putting  one-third  the  burden  of 
this  enormous  expenditure  upon  the  city  or  town  and  the  State  combined 
— will  go  a  long  way  towards  making  possible  these  improvements, 
which  otherwise  would  have  been  delayed,  with  the  result  of  a  great 
increase  in  the  ultimate  expense. 

Under  the  provisions  of  the  law  of  1890  the  Commission  decides 
whether  the  safety  and  convenience  of  the  public  require  the  separation 
of  grades.  Having  decided  that  the  separation  of  grades  is  necessary, 
the  safety  of  the  public  is  assured,  and  the  problem  in  hand  then,  is  to 
provide  for  their  convenience. 

This  means,  generally,  to  make  as  little  additional  labor  as  possible 
for  the  public — to  avoid  obliging  it  to  go  farther  out  of  its  way,  either 
vertically  or  horizontally,  than  necessary. 

This  problem  of  adjustment  of  the  grades  of  railroads  and  streets, 
especially  through  a  city,  is  the  most  difficult  part  of  the  problem. 

The  question  of  clearance  for  the  highways,  the  amount  the  street 
is  to  be  lowered  or  raised,  the  grade  necessary  to  accomplish  these 
results — all  these  must  have  due  consideration. 

In  regard  to  the  question  of  clearance,  I  must  differ  from  some  of 
you  who  have  charge  of  the  engineering  of  cities. 

Many  years  of  interested  observation  have  led  me  to  believe  that 
the  cases  of  street  loads  which  require  a  clearance  of  more  than  fourteen 
feet  are  extremely  rare,  and  that  no  necessity  exists  for  such  extreme 
loads;  such,  for  instance,  as  pile-drivers,  empty  barrels  or  loads  of  furni- 
ture, with  long-legged  stools  tied  on  top  of  a  load  already  high. 

When  it  is  a  question  of  whether  the  whole  traveling  public  on  the 
railroad  must  climb  one  or  two  feet  of  additional  steps,  and  every  ton  of 
freight,  cars,  engines  and  all  must  be  raised  that  additional  height,  or 
provision  made  for  such  sky-scraping  loads,  it  seems  to  me  a  most  absurd 
condition,  and  a  "  balance  sheet  "  which  is  not  generally  made  by  our 
engineers  in  these  days  of  careful  examinations,  aud  actions  according 
to  the  result  of  such  examinations. 

Take  the  Providence  Division  of  the  Old  Colony  Railroad,  for 
example.  From  the  Roxbury,  Heath,  Boylston,  Jamaica  Plains  and 
Forest  Hills  stations  are  now  carried  2,225,000  passengers  annually. 

Over  50,000  trains  run  over  this  piece  of  track  every  twelve  months, 
carrying  1,500,000  tons;  so  that  each  foot  of  additional  rise  of  track 
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means  that  these  2,225,000  of  passengers  must  raise  or  lower  themselves 
that  additional  foot — and  1,500,000  tons  be  raised  the  same  distance — in 
order  to  let,  possibly,  1,000  teams  through  the  bridges,  rather  than  delay 
a  couple  of  men  ten  minutes  to  readjust  their  load  to  a  reasonable  height, 
or  167  hours  of  time  at  $1.00  an  hour  for  men  and  team,  amounting  to 
S167.00  a  year.  Who  of  you,  gentlemen,  would  travel  up  2,225,000 
steps  of  one  foot,  or  450  miles,  for  $167.00? 

Multiply  this  even  by  ten  and  still  the  difference  is  enormous. 

And  again,  most  of  our  main  highways  are  parallel  to  the  railroads 
radiating  from  the  center  of  the  city,  and  the  great  bulk  of  the  teaming 
does  not  cross  the  railroads  at  all.  A  teamster,  having  been  caught  once 
with  a  high  load,  will  not  be  caught  a  second  time,  and  thus  all  will  be 
adjusted  in  a  year  or  two. 

On  the  other  hand,  from  now  to  eternity,  or  until  electricity  or  fly- 
ing machines  have  rendered  our  railroads  useless,  this  great  waste  of 
human  and  mechanical  energy  must  go  on. 

My  judgment  on  such  questions  is  that  the  great  consideration  is 
the  convenience  of  the  public — not  that  of  the  few — and  the  railroad 
traveling  public  is  the  one  whose  interests  are  the  greatest  in  a  locality 
such  as  those  mentioned.  Hence  the  less  the  railroad  need  be  raised  the 
hetter. 

This  is  generally  admitted,  and  plans  are  made  accordingly,  but  in 
such  plans  the  demand  of  the  cities  for  high  clearance  often  brings  an 
enormous  burden  upon  the  patrons  of  the  road  and  upon  the  railroad 
company  for  increased  construction,  and  all  this  for  the  benefit  of  a  very 
few  persons  who  could,  if  they  would — and  would,  if  obliged — regulate 
their  business  to  conform  with  that  condition  which  the  greatest  good 
for  the  2:reatest  number  demands. 


III.  Abolition  of  Grade  Crossings  in  tlie  City  of  Brockton. 


(a)     Preliminaky  Negotiations. 


By  F.  Herbert  Snow,  City  Engineer  of  Brockton. 


[Read  September  21, 1S92.*] 

The  city  of  Brockton  is  a  rapidly  growing  shoe-manufacturing 
town  of  some  thirty  thousand  inhabitants.  Its  area  of  twenty  square 
miles  is  rectangular  in  shape,  approaching  that  of  a  square,  through 


■^This  paper  was  presented  in  the  discussion  of  the  opening  paper  of  this  series, 
on  The  Gradual  Abolition  of  Highway  Grade  Crossings,  by  tiie  late  Mr.  Augustus 
W.  Locke. — Secretary,  Boston  Society  of  Civil  Engineers. 
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the  geographical  and  business  center  of  which  the  central  division  of 
the  Old  Colony  Railroad  runs  in  a  southerly  dii'ection.  From  the  town 
of  Avon  on  the  north,  to  the  town  of  West  Bridgewater  on  the  south, 
there  are  three  passenger  stations,  named,  in  order,  Montello,  Brockton, 
and  Campello. 

The  station  at  Montello  was  built  some  six  years  ago,  and  is  of 
sufficient  size  to  accommodate  this  part  of  the  town  for  the  next  ten 
years.  The  facilities  of  the  passenger  stations  at  Brockton  and  Cam- 
pello, however,  have  for  a  long  time  been  totally  inadequate.  In  the 
spring  of  1891  the  directors  of  the  Old  Colony  Raih'oad  decided  to  erect 
a  new  passenger  station  at  Brockton,  and  also  a  new  freight  depot. 
Plans  were  gotten  out  for  the  same,  and  a  description  given  to  the 
public  through  the  Brockton  Daily  Enterprise.  The  design  of  this 
station  was  perfectly  satisfactory.  The  Company's  plan,  however,  was 
to  locate  this  beautiful  structure  on  a  level  with  the  existing  grade  of 
the  tracks,  which  would  thus  effectually  stop  any  movement  towards  the 
abolition  of  grade  crossings — of  which  there  are  five  in  the  immediate 
vicinity.  Because  the  larger  part  of  the  city  is  on  the  west  side  of  the 
railroad,  while  all  freight  has  to  be  shipped  and  received  on  the  east  side 
of  the  railroad,  these  crossings  are  continually  in  use.  The  railroad 
company  has  no  freight  yard  proper,  and  it  therefore  switches  its  trains 
thi'ough  the  city  on  the  main  and  side-tracks,  thus  obliging  the  public 
to  cross  a  veritable  elongated  freight  yard. 

This  has  become  a  serious  matter.  Many  times  the  apparatus  of 
the  fire  department  has  come  flying  down  some  one  of  the  five  streets  in 
response  to  an  alarm  from  the  East  Side,  and  has  been  bi'ought  to  a 
standstill  to  wait  for  a  long  freight  train  to  switch  back  and  forth. 

These  conditions  cause  much  delay  and  injury  to  business.  On  this 
account,  insurance  rates  are  higher,  and  land  values  and  rents  lower, 
on  one  side  of  the  railroad  than  on  the  other.  These  facts,  and  the 
importance  of  these  crossings  in  relation  to  the  city's  future,  have  caused 
the  growth  of  an  objection  to  their  existence  at  grade.  This  objection, 
which  is  by  no  means  a  sentimental  one,  has  manifested  its  disapproval 
of  the  Company's  plans,  in  the  form  of  a  petition  to  the  City  Council 
that  the  Board  of  Mayor  and  Aldermen  apply  to  the  Superior  Court  for 
the  appointment  of  a  Commission,  under  the  Grade  Crossing  Act  of  1890, 
to  consider  the  necessity  of  the  abolition  of  all  grade  crossings  in  the  city 
of  Brockton.  After  this  request  had  been  complied  with,  those  citizens 
whose  property  abutted  on  the  railroad  and  on  the  streets  where 
changes  might  have  to  be  made,  began  to  speculate  as  to  the  manner  in 
w'hich  this  stupendous  undertaking  could  be  carried  out  with  the  least 
injury  to  their  private  interests. 

That  a  clear  understanding  of  the  case   may  be  had,  I  will  state 
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tliat  manufacturers  have  found  it  advantageous  to  locate  their  shops 
along  the  line  of  the  railroad  and  within  about  one  quarter  of  a  mile  of 
it,  so  that  the  city  has  by  degrees  stretched  out  over  a  territory 
unusually  long  for  that  of  a  manufacturing  center.  For  three  miles 
along  the  railroad,  thousands  of  dollars  have  been  invested  in  improve- 
ments and  facilities  for  doing  business  with  the  railroad.  Side-tracks 
are  numerous,  and  not  a  few  concerns  are  dependent  upon  these  for  their 
prosperity. 

To  make  the  problem  one  of  greater  concern  to  private  interests, 
Montello  Street, a  business  thoroughfare,  runs  parallel  to,  and  about  130 
feet  from  the  railroad,  through  the  entire  length  of  the  town,  and  upon 
this  street,  in  the  neighborhood  of  the  five  principal  crossings,  are 
situated  brick  buildings,  hotels,  factories,  an  electric  light  plant,  gas 
plant  and  many  wooden  structures.  To  disturb  the  grade  of  this  street 
to  any  extent,  would  involve  the  city  in  hopeless  litigation.  The  remon- 
strance to  such  a  plan  would  be  greater  than  the  desire  for  a  riddance 
of  the  grade  crossings. 

The  more  abutters  sought  for  a  satisfactory  solution  of  the  problem, 
the  more  fearful  they  became  of  the  results  of  the  damages  that  their 
property  might  sustain.  Naturally  these  people,  in  their  dilemma, 
looked  to  the  Mayor  of  the  city  for  assistance,  as  did  the  general  public, 
whose  suspicions  that  the  Old  Colony  Railroad  would  not  look  out  for 
Brockton's  welfare  except  in  so  far  as  was  consistent  with  that  company's 
ends,  had  been  aroused  by  the  company's  plan  to  perpetuate  the  exist- 
ence of  the  present  street  crossings  at  grade. 

Finally,  the  city  engineer  was  directed  to  prepare  and  present  to  the 
Board  of  Aldermen,  for  their  approval,  a  plan  for  the  abolition  of  all 
grade  crossings  in  Brockton.  Preliminary  plans  were  made.  Briefly, 
these  called  for  the  elevation  of  the  railroad  and  a  depression  of  the 
streets  through  the  center  of  the  town,  and  a  depression  of  the  railroad 
and  elevation  of  the  streets  at  Campello.  The  plan  would  necessitate 
the  abandonment  of  the  present  passenger  stations  and  freight  depots  at 
Brockton  and  Campello  and  the  construction  of  new  ones  on  different 
sites.  The  passenger  station  at  Campello,  however,  could  be  kept  on  the 
present  lot,  provided  more  land  was  obtained. 

In  order  to  render  feasible  the  elevation  of  the  railroad  through  the 
center,  some  eighteen  acres  of  laud,  intended  for  use  as  a  new  freight 
yard,  would  have  to  be  elevated  from  six  to  fourteen  feet.  The  grade  of 
the  main  tracks  to  the  yard  would  then  be  not  less  than  one  per  cent. 
After  due  consideration,  this  plan  was  adopted  by  the  Board  of  Alder- 
men. 

I  believe  that  it  is  folly  for  a  community  like  Brockton  to  attempt 
to  force  upon  a  powerful  railroad  corporation  the  expenditure  of  a  mil- 
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liou  dollars  or  more,  uo  matter  how  great  the  demand  for  the  separation 
of  the  grades  of  the  railroad  and  the  highways.  The  Directors  will  not 
be  forced  to  make  a  change  until  they  are  ready  to  take  up  the  work, 
and  then  the  improv'^ement  must  be  in  accord  with  their  ideas  of  what  is 
practicable. 

The  Mayor  and  Aldermen  had  come  to  a  firm  decision  that  the  plan 
adopted  by  them  was  the  only  plan  that  would  not  work  to  the  perma- 
nent disadvantage  and  disfigurement  of  the  city.  It  was  very  doubtful 
whether  or  not  the  railroad  company  would  see  it  in  this  light,  when 
other  plans  could  be  designed  that  would  not  call  for  such  radical 
changes  in  its  property.  Either  the  directors  must  be  brought  to  see 
that  their  interests  and  those  of  the  city  were  identical,  or  nothing  could 
be  accomplished.  This  task  was  undertaken  by  the  Mayor,  Hon.  Ziba 
C.  Keith.  His  arguments  convinced  the  company  that  it  would  be 
easier  and  cheaper  to 'abolish  immediately  Brockton's  grade  crossings 
rather  than  to  wait  until  the  city  became  larger. 

The  question  then  arose  as  to  how  the  separation  of  grades  might 
be  effected,  and  the  city's  plans  were  submitted  to  the  president.  Finally, 
an  agreement  in  writing  was  made,  accepting  the  city's  plans  and  fixing 
the  new  elevation  of  certain  highways  at  the  railroad,  and  the  number 
of  feet  of  "  head  room  "  required. 

Upon  the  strength  of  this  agreement,  the  railroad  company  and 
the  city  joined  hands  in  securing  a  special  legislative  act  relating  to 
private  crossings  in  Brockton.  This  mutual  understanding  has  brought 
together,  officially,  the  chief  engineer  of  the  railroad  company  and  the 
engineer  of  the  city,  under  conditions  calculated  to  secure  the  very  best 
results.  This  is  as  it  should  be.  Who  knows,  so  well  as  the  city  engi- 
neer, what  is  feasible  in  changing  grades  and  lines  of  streets,  sewers, 
drains,  gas,  water  and  electric  wire  pipes,  and  a  thousand  other  things 
none  the  less  important  because  of  their  number  ? 

What  railroad  engineer  would,  unassisted,  hope  to  devise  any  plan 
which  would  not  be  bitterly  opposed  by  the  city  engineer?  On  the 
other  hand:  What  city  engineer  wishes,  or  is  competent,  to  dictate  to  the 
railroad  engineer  ? 

It  was  decided  that  the  engineers  prepare,  jointly,  a  separate  plan 
for  each  crossing,  that  these  plans  should  be  signed  by  them,  approved 
by  the  President  of  the  Company  and  by  the  Mayor  of  the  city,  and 
presented,  with  the  specifications,  to  the  Commissioners. 

The  advantages  of  this  method  I  have  not  time  to  discuss,  but  I  think 
it  must  be  at  once  apparent  that  there  is  no  disadvantage. 

I  wish  to  explain  carefully  our  method  of  dealing  with  the  problem 
of  damages,  which  I  am  confident  will  be  of  more  than  passing  interest 
to  you.     Under  the  pleasant  conditions  spoken  of,  it  has  been  possible  to 
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carry  out  au  idea  advanced  by  Mr.  George  A.  Kimball,  who  has  been 
associated  with  me  as  consulting  engineer. 

Three  disinterested,  competent  men  were  appointed  by  the  Mayor 
to  appraise  the  property  and  estimate  damages  to  each  and  every  estate  to 
be  affected.  A  book  was  prepared  for  each  appraiser.  It  contained  a 
description  of  every  estate  and  the  alterations  to  be  made.  Blank  spaces 
were  left  for  amounts  to  be  carried  out,  also  for  any  necessary  remarks. 
These  men  were  expected  to  view  each  estate  and  to  estimate  just  awards, 
independently  of  each  other. 

Under  the  direction  of  the  City  Solicitor  and  Clerk,  several  blank 
forms  of  agreement,  worded  to  suit  different  cases,  were  drawn  up  and 
copies  of  each  were  printed. 

In  general,  they  were  propositions  to  the  City  of  Brockton,  as  follows  : 

"  Whereas,  under  the  provisions  of  Chapter  428  of  the  Acts  of  1<S90, 
the  same  being  entitled  an  act  to  promote  the  abolition  of  Grade  Cross- 
ings, it  becomes  necessary  to  enter  upon,  and  take  from  me  a  certain 
parcel  of  land,  and  to  make  certain  changes  in  grade  in  front  of  my 
estate  in  connection  with  the  abolition  of  the  grade  crossings  of  the  Old 

Colony  Railroad  Company,  at Street,  in  the   City  of  Brockton, 

County  of  Plymouth,  State  of  Massachusetts ;  and  whereas,  the  changes 
in  line  and  grade  of  said  street  and  a])proaches  thereto,  as  shown  on  a 
plan  for  the  abolition  of  said  grade  crossings,  dated ,  are  neces- 
sary for  said  abolition,  I,  the  undersigned,  owner  of,  or  having  interest 
in,  real  estate  adjoining  said  portion  of  way,  do  hereby  agree  that  I  will 

accept  the  sum  of dollars,  in  full  settlement  and  satisfaction  of 

any  and  all  claims  for  damages  I  have  or  may  have  against  said  City  or 
other  corporation  on  account  of  such  taking  of  my  lands,  or  on  account 
of  such  changes  of  grades." 

With  the  appraisers'  estimates  to  refer  to,  abutters  have  been  ap- 
proached and  requested  to  come  to  an  agreement  in  regard  to  damages. 

Thus  far  we  have  not  failed  to  show  to  abutters  that  it  is  for  their 
interest  to  make  propositions  of  settlement.  We  state  frankly  that  our 
interest  in  the  matter  of  settlement  is  to  know  definitely  what  the  cost  of 
the  work  is  to  be,  and  that  the  item  of  damage  is  a  large  one  in  this 
amount. 

In  closing,  I  wish  to  express  my  opinion  that  the  proper  authorities 
of  cities  of  the  Commonwealth  of  Massachusetts  should  take  the  initia- 
tory steps  in  the  abolition  of  grade  crossings  within  their  respective  dis- 
tricts. 

By  initiatory  steps  I  mean  not  simply  to  submit  a  petition  to  the 
Superior  Court  for  the  appointment  of  a  commission.  Such  a  commis- 
sion may  consist  of  men  not  civil  engineers.  There  is  no  doubt  that 
such  men  as  would  be  nominated  by  the  State,  the    railroad   company 
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aud  the  City,  each  of  which  has  its  representative  ou  the  Commission, 
would  be  fully  competent  to  determine  whether  or  not  the  changes  called 
for  were  a  public  necessity.  Xo  doubt  three  Commissioners  might  be 
appointed  who  could  solve  alli^roblems  attending  the  separation  of  grades 
of  a  railroad  and  the  highways  of  a  populous  community,  and  adjust 
and  fix  the  manner  and  limits  of  such  a  separation  to  the  satisfaction  of 
all  concei-ned. 

While  such  a  result  is  possible,  I  believe  it  is  extremely  improbable. 
Under  the  present  act,  the  security  of  the  public  rests  entirely  in  the 
decree  of  the  Commission,  which  is  final.  If  changes  are  made,  and  if 
they  are  not  satisfactory  in  construction  or  otherwise,  there  is  no  possible 
redress.  The  commission  ends  with  the  decree.  If  the  city  authorities 
do  not  like  what  is  done,  they  can  change  it  at  their  own  expense.  The 
decree  should  be  right  at  first,  aud,  therefore,  when  I  say  initiatory  steps, 
I  mean  those  ste2:)S  necessary  to  secure  protection  in  this  respect. 

I  believe  that  a  city  seeking  a  just  settlement  of  a  grade  crossing 
problem  can  secure  the  best  results  by  placing  the  matter  in  the  hands 
of  a  commission  consisting  of  the  city  engineer  and  the  railroad  engineer, 
and  one  other  appointed  by  them.  If  the  report  of  these  experts  is  satis- 
factory, aud  if  their  plan  is  finally  adopted  by  the  Special  Commission 
appointed  by  the  Court,  the  decree  of  the  latter  should  contain  verbatim 
the  detailed  specifications  prepared  by  the  former.  By  this  method,  I  can 
hope  to  see  satisfactory  changes  made  in  crossings  at  grade  of  city  high- 
ways and  railroads,  and  by  this  method  only  can  I  hope  to  see  the 
positive  security  of  the  vital  interests  of  a  community  which  alone  war- 
rants procedure  in  so  important  a  public  work. 


(6)  The  Plans  Adopted. 


By  James  W.  Rollins.  Jr.,  Engineer  for  the  Old  Colony  R.  R.  Co. 


[Read  December  19,  1894.] 

Much  of  the  following  is  taken  from  an  article  prepared  by  the 
present  writer  for  the  Railroad  Gazette  and  published  in  that  journal 
early  in  1894. 

Brockton  is  a  city  of  about  30,000  inhabitants,  on  the  main  line 
of  the  Central  Division  of  the  Old  Colony  Railroad.  The  growth  of  the 
city  has  been  one  of  the  largest  among  Massachusetts  towns :  a  town  in 
1821,  a  city  in  1881,  and  increasing  from  13,000  inhabitants  in  1880  to 
30,000  at  the  present  time,  as  above  stated.  Within  the  city  limits  are 
three  stations,  with  freight  yards  aud  houses — Montello,  Brockton  and 
Campello.     As  in  most  manufacturing  towns,  the  growth  has  been  along 
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the  line  of  the  raih-oad  ;  gradually  streets  have  been  laid  out  across  its 
tracks,  all  at  grade ;  and  private  ways  and  fiirni  crossings  have  become 
public  ways,  so  that  at  the  present  time  there  are  eleven  crossings  at 
grade  over  which  the  public  have  rights.  The  freight  yard  at  Brockton 
is  at  present  in  the  center  of  the  city  and  freight  cars  have  to  be  shifted 
across  the  principal  streets. 

When  the  grade  crossing  law  was  passed,  in  1890,  Brockton  was 
the  first  city  to  avail  herself  of  it,  and  immediately  petitioned  for  a 
commission  to  be  appointed  in  accordance  with  the  provisions  of  the  act 
and  also  began  negotiations  with  the  railroad  officials  regarding  the 
abolition  of  all  the  grade  crossings  within  the  city  limits.  The  act  of 
1890  provided  only  for  public  streets,  and,  as  many  of  the  most  impor- 
tant streets  in  Brockton  had  never  been  accepted  as  public  ways,  a 
special  act  was  passed  in  1892  permitting  the  Commission  to  consider 
private  ways.  Various  schemes  were  presented  and  discussed,  and 
finally  an  agreement  was  made  between  the  city  and  the  railroad,  in 
June,  1893,  to  raise  the  grade  of  the  railroad  thi-ough  the  center  of  the 
city  12  feet  and  to  depress  it  through  Campello  about  8  feet. 

One  of  the  worst  complications  was  the  question  of  freight  facilities 
at  Bi'ockton.  A  short  time  before,  the  railroad  company  had  bought  a 
piece  of  land  of  about  15  acres  for  a  freight  yard.  This  land  is  some 
15  feet  below  the  grade  of  the  tracks  as  they  now  are,  and  to  get  down 
into  this  yard  from  a  grade  12  feet  higher  necessitated  raising  the  whole 
yard  some  10  feet,  and  building,  across  the  main  sti'eets,  switching 
tracks  supported  by  heavy  I'etaining  walls. 

While  the  aflairs  incident  to  the  change  of  management  from  the 
Old  Colony  to  the  New  York,  New  Haven  &  Hartford  were  being 
straightened  out,  the  plans  described  above  were  changed,  and  entrance 
to  this  freight  yard,  to  which  lad  been  added  some  20  acres  more  of 
land,  was  made  from  the  north  side  at  a  great  benefit  to  the  yard,  and 
gi'eat  saving  of  expense  in  extra  tracks  and  walls  through  the  city. 
These  plans,  now  adopted,  call  for  the  following  changes  and  work: 

The  grade  of  the  railroad  is  to  be  raised,  for  a  distance  of  9,000 
feet,  the  maximum  rise  being  15  feet,  and  lowered  for  a  distance  of 
5,100  feet,  the  maximum  being  12  feet.  Four  tracks  are  to  be  built 
throughout  the  length  of  this  change  of  grade;  new  passenger  stations 
are  to  be  built  at  Brockton  and  Campello,  and  a  new  waiting  station  at 
Montello,  all  from  plans  of  Bradford  L.  Gilbert,  of  New  York  City, 
who  has  made  the  plans  for  most  of  the  recent  stations  on  the  Old  Colony 
road. 

All  stations  will   be  double,  consisting  of  a  main  station  on  the 
w^est  side  of  the  tracks  (trains  run  toward  Boston  on  the  west  track), 
with  a  waiting  station  on  the  east   side.     Subways   under  the  tracks 
41 
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connect  the  two.  The  Brockton  main  station  will  be  33  feet  by  140  feet, 
and  the  waiting  station  30  feet  by  104  feet.  This  main  station  will  be 
on  the  grade  of  the  tracks,  and  the  approaches  will  be  graded  to  it,  so 
that  carriages  can  drive  up  to  the  platforms.  A  walk  leads  from  the 
main  street  to  the  subway,  which  continues  through  under  the  station 
and  tracks,  on  a  level,  to  the  waiting  station  on  the  east  side.  All  the 
stations  are  to  be  built  of  granite,  with  red  sandstone  trimmings. 

At  Camjiello,  which  is  the  terminal  for  a  series  of  local  trains,  the 
present  terminal  grounds,  with  engine-house,  turntable  and  coal  sheds, 
will  be  taken  and  used  for  the  new  passenger-station  grounds,  and  a 
new  terminal  will  be  provided,  about  1,500  feet  south  of  the  present  one. 
For  this  terminal  a  tract  of  land  of  about  seven  acres  will  be  taken, 
admirably  fitted  for  such  a  purpose.  It  is  dry  and  has  a  gravelly 
soil,  which  can  be  easily  drained.  On  this  will  be  built  a  70-foot  brick 
engine-house  with  four  stalls,  a  60-foot  iron  turntable  and  a  coaling 
trestle,  with  all  necessary  tracks,  sidings  and  connections. 

This  change  of  grade,  as  decided  upon,  will  require  the  construction 
of  seven  arches  of  masonry  over  streets,  two  arches  over  streams,  four 
subways  for  pedestrians,  three  of  which  are  between  stations,  as  before 
described,  two  plate-girder  bridges,  also  over  streets,  and  eight  highway 
bridges  over  the  railroad. 

Three  of  the  street  arches  have  a  span  of  50  feet,  with  rises  of  7,  8 
and  9?  feet  respectively,  and  two  with  spans  of  41.25  feet,  with  rises 
of  6J,  and  7  feet;  the  other  two  arches  are  30-foot  spans,  practically 
semicircular.  All  arches,  except  the  two  latter,  have  walls  7  feet  high 
above  the  sidewalk,  at  the  ends  of  the  arches.  To  overcome  the  difficulty 
and  expense  of  these  flat  arches,  the  arch  sheeting,  with  the  exception 
of  about  3  feet  at  each  end  of  the  arch,  is  continued  down  to  skew- 
backs  almost  at  the  street  level,  so  changing  the  ratio  of  span  to  rise  in 
the  worst  case  from  7  to  1  down  to  about  5  to  1.  This  changes  the 
angle  of  the  resultant  of  the  combined  loads  so  as  to  bring  it  Avithin  the 
middle  third  of  the  foundations,  designed  to  carry  a  load  of  3  tons  jier 
square  foot,  which  is  the  limit  allowed  for  these  structures,  the  soil  being 
good,  firm  gravel,  and  the  masonry  foundation  4  feet  of  concrete.  The 
faces  of  these  arches  will  show  an  arch  springing  from  a  skewback,  7 
feet  above  the  street  grade  and  on  the  street  line,  but  this  skewback  and 
wall  supporting  it  will  be  only  3  or  4  feet  thick,  and  then  the  arch 
will  drop  back  as  stated.  It  is  proposed  to  build  an  ornamental  iron 
fence  on  the  line  of  the  walls,  i.e.,  the  street  line,  on  a  heavy  curbstone, 
to  keep  the  public  within  the  street  limits. 

The  backing  of  all  the  arches  will  be  of  concrete  ;  and  to  make  this 
water-tight  it  is  proposed  to  cover  this  backing  with  three  thicknesses  of 
heavy  roofing  paper,  each  lapped  one  foot  and  thoroughly  tarred  over, 
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^vith  an  inch  of  asphalt  over  the  paper.  The  water  will  be  collected  in 
gutters  to  be  built  in  the  edges  of  the  concrete  backing,  and  from  them 
conducted  through  the  masonry  by  pipes  into  the  street  drains.  Only  two 
of  the  five  main  arches  are  square,  the  balance  being  at  angles  varying 
from  83  degrees  to  57  degrees.  It  is  proposed  to  make  the  ring  stones 
of  these  arches  of  granite,  in  courses  parallel  to  the  axis  of  the  arch, 
with  the  foces  cut  on  the  skew  required,  with  possibly  the  exception  of 
the  worst  angle,  which  may  be  built  with  a  true  skew  face  with  arch 
inside  of  brick. 

Plate-girder  bridges  will  be  built  to  span  Ashland  and  Lawrence 
streets,  the  former  requiring  girders  57.5  feet  long,  and  the  latter  girders 
47.5  feet  in  length.  These  bridges  will  be  built  of  wrought  iron,  with 
floor  beams,  supporting  track  stringers,  which  are  spaced  6  feet  apart 
on  centers.  On  these  stringers  will  be  the  floor,  of  8  x  8  inch  ties,  13 
feet  long,  spaced  4  inches  apart,  and  guard-rails  of  8x8  inch  timber, 
notched  to  6  inches  outside  of  track,  and  rail-guards  inside  of  track. 
These  bridges  are  to  have  a  plank  floor  on  the  ties,  to  protect  the  travel 
in  the  street  below. 

All  masonry  supporting  track  bridges  is  to  be  of  first-class  ashlar. 
Highway  bridges  will  be  riveted  lattice  trusses,  with  suspended  floor 
beams  between  tracks.  Trusses  will  be  about  71  feet  in  height  for  70 
feet  spans,  or  generally  about  one-ninth  of  span,  and  will  carry  a  side- 
walk on  both  sides  of  the  roadway.  The  floor  of  the  roadway  is  of 
double  planking,  3-iuch  hard  pine  underneath,  on  4x  14  inch  hard  pine 
floor  stringers,  and  2-iuch  spruce  planking  on  top,  forming  surface  of 
roadway.  Bridges  are  designed  to  carry  a  load  of  100  pounds  per  square 
foot,  or  two  24-ton  electric  cars,  coupled,  or  side  by  side  on  two  tracks. 
The  masonry  supporting  highway  bridges  will  be  of  first-class  rubble, 
laid  solid  in  cement  mortar. 

Extensive  facilities  have  been  provided  for  the  freight  traffic,  com- 
prising three  main  yards,  with  numerous  side  tracks,  all  to  be  provided 
with  the  best  and  latest  improvements  as  to  frogs,  switches  and  signals. 

These  yards  have  a  combined  area  of  about  sixty  acres,  with  a 
capacity  of  2,000  cars. 

While  such  yards  and  capacity  will  not  be  needed  for  a  long  time, 
it  was  thought  best  to  secure  the  land  now.  This  consists  of  large  unde- 
veloped areas,  near  the  tracks  or  the  existing  yards,  which,  in  the  great 
probable  development  of  Brockton,  might  be  entirely  unobtainable  ten 
years  later.  These  yards  will  be  graded  only  at  present  to  such  an 
extent  as  to  provide  for  the  next  ten  years'  business. 

The  main  freight  yard  will  be  at  Brockton,  and  will  have  an  area 
of  about  forty  acres. 

The  grade   of  the   yard,  when  finished,  will   be  24  feet  below  the 
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grade  of  the  tracks  as  raised,  and,  to  get  into  the  yard  from  the  main 
tracks,  a  switchback  will  be  used.  This  sw-itchback  wall  be  double- 
tracked,  and  will  be  in  part  on  an  8  degree  curve  and  on  a  grade  of 
11  per  cent.,  1,700  feet  long,  terminating  at  the  switch,  from  which  the 
tracks  run  back  into  the  yard.  From  this  switch  the  main  tracks  con- 
tinue about  800  feet  eastward,  as  switching  tracks,  or  tail  tracks,  on  an 
ascending  grade  of  0.5  per  cent.  These  tracks  will  give  room  for  hand- 
ling a  train  of  20  cars. 

The  tracks  running  back  from  the  switch  above  mentioned,  will 
have  a  grade  of  0.6  per  cent,  covering  a  descent  of  4  feet  into  the  main 
yard,  and  to  the  freight  houses.  This  yard  could  be  operated  by 
gravity  were  there  any  assurance  as  to  the  conditions  of  the  brakes  on 
the  cars.  Cars  would  run  down  the  1.2  per  cent,  grade  for  1,700  feet, 
then  strike  an  ascending  grade  of  0.5  per  cent.,  1,100  feet  long,  on 
which  the  momentum  of  the  car  could  be  stopped.  After  being  stopped 
the  car  would  run  back  down  the  0.4  per  cent,  grade  to  the  switch  in  the 
main  freight  tracks,  thence  back  into  the  yard  on  a  down  grade  of  0.6  per 
cent,  on  to  any  one  of  the  tracks  there,  or  to  the  freight  house. 

Special  effort  will  be  made  to  drain  the  main  yard,  and  it  is  believed 
that  this  can  be  done  by  sloping  the  yard  transversely,  or  north  and 
south,  on  a  grade  of  about  0.5  per  cent,  to  the  center,  there  collecting 
the  water  into  catch-basins,  which  will  empty  into  a  [city]  drain  run- 
ning through  the  yard,  the  drain  being  low  enough  to  provide  sufficient 
fall. 

All  switching  will  be  done  on  the  high-grade  tracks,  so  that  freight 
trains  will  not  enter  the  yard  at  all,  the  work  of  shifting  the  cars  up 
and  down  the  grade  into  the  yard  being  done  by  a  switching  engine. 

New  freight  houses,  25  feet  in  width  and  500  to  600  feet  in  length, 
will  be  built  in  this  yard,  probably  one  for  shipping  and  one  for  receiv- 
ing freight.  A  coal  shed  80  feet  w'ide,  for  a  double  track,  and  some  500 
feet  in  length,  w'ith  a  capacity  of  25,000  tons,  will  be  built  on  the  west 
end  of  the  yard,  adjoining  the  main  line. 

Entrances  will  be  made  to  the  yard  on  three  sides,  giving  excellent 
facilities  for  shippers  to  get  to  and  from  the  freight  houses.  One  of 
these  entrances  will  be  through  an  arch  of  30  feet  span  and  16  feet 
clear  head  room,  under  9  tracks,  4  main  and  5  side  tracks. 

At  Montello  and  Campello,  yards  of  about  ten  acres  in  each,  will 
be  graded,  and  onto  these  yards  the  present  freight  houses  will  be 
moved. 

Through  each  of  these  three  freight  yards  is  a  water-course — the 
main  drainage  of  that  section  of  the  country.  At  Montello  is  an  8-foot 
arch,  with  3-foot  walls,  700  feet  long;  at  Brockton,  a  16-foot  arch,  with 
6-foot  w^alls,  140  feet  long,  and  at  Campello,  a  double  16-foot  arch  with 
5-foot  walls,  160  feet  long. 
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The  arches  are,  in  all  cases,  of  brick,  the  side  walls  of  rubble 
masonry,  and  the  invert  and  foundations  for  walls,  of  concrete.  In  two 
cases  the  foundations  for  these  arches  are  known  to  be  good,  but  at 
Oanipello,  it  may  be  in  quicksand,  though  the  depth  of  the  excavation 
is  not  over  6  feet  below  the  level  of  the  ground,  so  that  no  great  difficulty 
is  anticipated. 

The  grade  of  the  Brockton  freight  yard  culvert  is  17  feet  below  the 
level  of  the  yard,  but,  as  the  whole  channel  of  the  stream  is  changed 
there,  only  the  seepage  of  the  ground  and  river  water  will  be  trouble- 
some. This  culvert  is  5  feet  deeper  than  the  adjacent  channels,  being  put 
down  to  the  proposed  grade,  as  established  by  the  city  of  Brockton.  A 
branch  of  the  main  water-course  crosses  the  present  tracks  of  the  rail- 
road just  south  of  Crescent  Street,  through  an  opening  of  about  24  feet, 
spanned  now  by  girders.  This  channel  will  be  lowered  about  two  feet, 
and  an  arch  of  22  feet  span,  with  5-foot  walls,  will  be  built  to  convey  the 
sti'eam. 

This  arch  and  the  adjoining  retaining  walls,  made  the  heaviest 
piece  of  masonry  in  the  whole  scheme,  the  walls  being  30  feet  from  founda- 
tion to  grade,  and  200  feet  long.  As  the  limits  of  the  right  of  way  here 
are  about  70  feet,  and  on  both  sides  are  new  walls  20  feet  high,  Avhich 
must  be  rebuilt,  and  as  the  railroad  traffic  must  be  maintained,  this 
piece  of  construction  will  be  about  the  most  difficult  to  handle  of  any. 

The  proposed  method  of  construction  is  to  build  two  temporary 
tracks  on  the  limit  of  the  land  acquired,  on  the  east  side  of  the  tracks  at 
the  present  grade,  for  operating  the  road  ;  the  freight  traffic,  switching, 
etc.,  having  been  provided  for  in  the  new  freight  yard  now  well  along 
in  its  construction.  This  will  keep  the  freight  traffic  clear  of  the  oper- 
ating tracks.  As  arches  are  to  be  built  at  all  the  main  crossings,  the 
centering  for  masonry  will  block  the  street,  but  it  is  proposed  to  build 
one  arch,  or  enough  of  it  to  get  two  tracks  across,  at  a  time  and  leave 
the  adjoining  streets  open.  As  there  are  five  crossings  within  1800  feet, 
the  inconvenience  to  the  public  (teaming  and  electric  cars  only,  for  pro- 
vision for  foot  travel  will  probably  be  made  under  centers  and  timber- 
ing) will  not  be  great ;  but  as  the  streets  are  to  be  lowered  from  2  to  7 
feet  within  this  distance,  and  as  the  finished  clearances  are  to  be  from 
13  to  16  feet,  the  head  room  will  be  reduced  to  about  10  feet  until  the 
traffic  is  turned  onto  the  two  high  tracks.  While  these  high  tracks,  and 
the  walls  and  arches,  are  being  built,  the  west  and  main  passenger  station, 
with  its  grounds  and  approaches,  will  be  constructed,  so  that  when  the 
traffic  is  turned  onto  the  high  grade  the  new  station  will  be  in  readiness. 
Inmost  cases  we  have  land  enough  to  build  two  tracks,  allowing  for  full 
slopes,  but  where  we  are  limited  we  shall  either  put  the  high  tracks  upon 
a  trestle,  or  crib  u])  the  dope  from  the  high  grade  to  clear  the  low 
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tracks.  Where  the  tracks  are  to  be  lowered,  the  cuts  (all  sand)  will  be 
widened  out  on  the  west  side  to  the  true  slope  at  the  present  grade,  and 
two  tracks  will  be  thrown  over  as  far  as  possible  in  the  new  cut.  Then, 
with  teams  or  by  train,  the  east  side  of  the  cut  can  be  taken  out  to  the 
low  grade  and  wide  enough  for  two  tracks,  which  will  be  laid  there  and 
the  traffic  turned  thereon,  after  which  the  rest  of  the  cut  will  be  taken 
out. 

Throughout  this  lowering,  with  the  exception  of  some  150  feet,  we 
have  acquired  land  enough  for  the  full  slope.  The  material,  some  150,00(> 
yards,  excavated  in  this  cut,  will  be  hauled  into  the  adjoining  streets,  which 
are  to  be  raised  or  replaced  with  new  ones,  or  into  the  embankments  or 
freight  yards. 

Many  changes  are  to  be  made  in  the  grades  of  the  streets,  everyone 
of  those  crossed  being  changed,  to  get  over  or  under  the  railroad,  and 
these  changes  of  grades  in  many  cases  will  involve  other  streets  adjacent 
to  the  grade  crossing  abolished.  These  changes  are  in  most  cases  such 
as  to  necessitate  the  reconstruction  of  the  water  and  gas  pipes  and  sewers, 
and  in  many  cases  the  construction  of  new  drains  for  the  disposal  of 
water,  which  will  be  changed  in  its  flow  by  the  changes  of  grade. 

All  these  streets  are  to  be  either  paved  with  granite  blocks,  or  ta 
have  a  macadam  paving  8  inches  thick,  with  edge  stones,  crossing,  etc. 
The  decree  of  the  Commissioners  requiring  this  work  to  be  done,  "  for 
the  security  and  convenience  of  the  public,"  was  signed  on  March  8, 
1894,  and  it  is  expected  that  the  work,  already  begun,  will  be  finished 
within  three  years.  The  estimated  cost  is  ^1,500,000,  of  which  amount 
the  railroad  pays  65  jjer  cent.,  the  State  25  per  cent.,  and  the  city  of 
Brockton  10  per  cent.  The  Commissioners,  appointed  by  the  Court,  under 
whose  direction  the  plans  for  this  work  have  been  made,  were  Hon.  B. 
W.  Harris,  of  Bridgewater ;  Charles  B.  Barnes,  of  Boston,  and  H.  C. 
Southworth,  C.  E.,  ofStoughton.  The  engineering  has  been  done  by  F. 
H.  Snow,  City  Engineer,  for  the  city  of  Brockton.  Plans  of  stations 
have  been  prepared  in  the  office  of  Bradford  L.  Gilbert,  of  New  York ; 
and  the  Old  Colony  work  has  been  done  by  the  writer. 
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ABOLITIOX    OF    GRADE    CROSSIXGS    ON    THE    PROVI- 

DEXCE    DIVISION    OF     THE    OLD    COLONY 

RAILROAD    IN    BOSTON. 


By  James  W.  Rollins,  Jr.,  ENGiNf:ER  for  the  Railroad  Company. 


[Read  December  19,  1894.] 

The  abolition  of  the  grade  crossings  on  the  main  line  of  the  Provi- 
dence Division,  in  the  city  of  Boston,  will  require  the  elevation  of  the 
tracks  of  the  raih'oad  ;  beginning  at  Massachusetts  Avenue,  thence  rising 
on  a  0.6  per  cent,  grade  to  an  elevation  of  18  feet  above  existing  tracks 
at  Roxbuiy  Station ;  this  elevation  is  maintained,  from  18  to  20  feet,  to 
Washington  Street,  Forest  Hills,  where  the  grade  begins  to  descend  to 
meet  the  old  grade  some  3,000  feet  south — the  new  grade  of  the  West 
Roxbury  Branch  runs  out  at  the  Bussey  farm  arch  some  2,000  feet  from 
the  junction  at  Forest  Hills. 

This  involves  a  change  of  4^  miles  of  road,  over  which  on  three 
tracks,  is  now  handled  a  daily  train  service  of  186  regular  trains,  besides 
numerous  "  extras."  Generally  this  raised  grade  will  clear  the  high- 
ways, although  Ruggles  Street,  being  only  3,700  feet  from  the  beginning 
of  the  change,  will  have  to  be  lowered  4?  feet.  The  lowering  of  this 
street  will  necessitate  the  changing  of  the  Stony  Brook  conduit  which 
crosses  the  railroad  in  Ruggles  Street  in  two  8-foot  arches,  and  has  vari- 
ous connections,  tide-gates,  etc.,  so  close  as  to  be  involved  in  the  lower- 
ing of  the  grade  of  the  street. 

It  is  proposed  to  substitute  five  48-iuch  pipes  for  these  two  arches, 
and,  in  that  manner,  gain  the  necessary  head  room. 

Tremont  Street,  at  the  Roxbury  crossing,  will  be  lowered  two  feet 
and  spanned  with  a  steel  arch  of  a  span  of  80  feet. 

Somewhat  similar  arches  are  proposed  at  Morton  and  Walk  Hill 
Streets,  at  Forest  Hills,  and  the  rest  of  the  bridges  are  plate-girder  deck 
bridges,  with  solid  iron  floors  covered  with  concrete  and  ballast,  and  are 
to  be  water-tight.  Twelve  grade  crossings  are  abolished.  Centre  Street 
at  Hogg's  bridge,  now  an  overhead  crossing,  will  be  lowered  18  feet,  and 
the  railroad  will  be  carried  over  it.  Two  new  streets  are  provided  for 
in  the  elevation — Mozart  Street,  just  north  of  Boylstou  Station,  and 
William  Street,  between  Green  and  Keyes  Streets,  at  Forest  Hills. 

In  addition  to  these,  the  Park  Commission  of  the  city  of  Boston  will 
build  a  bridge  under  the  tracks,  as  raised,  just  north  of  Morton  Street 
at  Forest  Hills. 

This  bridge,  as  shown  by  preliminary  sketches,  will  consist  of  three 
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arches — one  44  feet,  and  two  22  feet,  in  clear  span  at  right  angles  to  the 
street  line,  finished  with  a  heavy  and  ornamental  coping  and  railing, 
which  makes  a  very  massive  and  handsome  structure. 

Subways  will  be  built  between  stations,  thus  making  a  total  of  15 
street  crossings,  5  subways,  and  the  park- way  arches,  as  above  described, 
to  be  built  under  the  change. 

The  plans,  as  signed  by  the  Commissioners,  show  retaining  walls 
to  be  built,  from  Prentiss  Street  to  Old  Heath  Street,  on  both  sides  of 
the  track;  and  from  Boylston  Street  to  Green  Street,  on  the  west  side; 
and  from  Gi'een  Street  to  Keyes  Street,  ou  the  east  side,  with  short 
lengths  in  various  other  places  to  protect  station-grounds  and  private 
property. 

For  the  rest  of  the  distance,  land  has  been  taken  for  slopes. 

These  retaining  walls  will  require  more  than  100,000  cubic  yards 
of  masonry,  which,  together  with  the  various  other  constructions,  will 
make  an  aggregate  of  at.  least  125,000 'cubic  yards.  The  filling  required 
will  exceed  one  million  yards. 

The  plans,  as  originally  signed  and  filed  early  in  1893,  maintained 
the  raili-oad  in  its  elevated  grade,  clear  of  Stony  Brook  which  runs  close 
to  the  tracks  for  2,700  feet  near  Boylston  Station,  and  1,800  feet  south 
of  Forest  Hills  on  the  West  Roxbury  branch. 

This  construction  required  heavy  retaining  walls,  and  left  the 
brook  in  its  old  location  and  grade,  to  be  rebuilt  later  by  the  city  of 
B  )ston  when  the  change  of  that  troublesome  stream  should  be  made  to 
the  low  grade,  as  reported  upon  by  the  Commission  in  1889. 

By  agreement  with  the  parties  in  interest,  a  change  was  made  in 
the  plans  where  Stony  Brook  was  involved,  whereby  the  railroad  com- 
pany took  extensive  areas  of  land — enough  to  admit  of  moving  the 
brook  over  far  enough  from  the  railroad  to  permit  its  being  reconstructed 
on  the  new  low  grade,  which  is  13  feet  lower  than  Ithe  present  grade, 
and,  also,  to  clear  the  slope  of  the  railroad.  The  section  to  be  rebuilt, 
near  Boylston  Station,  some  2,700  feet  long,  is  a  15?  x  17  foot  brick  con- 
duit, with  concrete  invert  lined  with  brick,  and  with  rubble  masonry 
backing. 

Borings  showed  all  kinds  of  material  to  be  met  with  in  the  excava- 
tion. Hard-pan  at  the  north  end  (which  the  excavation  has  developed 
into  a  rotten  rock),  then  a  section  of  700  or  800  feet  of  quicksand,  the 
cutting  being  about  22  feet  deep,  then  a  like  distance  of  hard-pan  or 
rock — probably  the  latter,  in  a  cutting  from  25  to  37  feet  deep.  The 
new  channel  is  from  7  to  20  feet  from  the  old  channel,  which  is  open, 
with  side  walls  of  Roxbury  pudding-stone,  laid  up  dry. 

The  net  cost  of  this  Stony  Brook  construction  is  materially  less- 
ened  by  the  fact   that   the  surplus   material    is  put  into  the  railroad 
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embankment,  and  so,  practically,  costs  nothing,  embankment  only 
being  estimated  for  the  railroad  work.  It  is  to  be  hoped  that  when  this 
section  of  the  improved  channel  is  completed,  Stony  Brook  will  be  in 
its  grave,  for  the  struggles  that  the  old  town  of  West  Roxbury,  and 
later  the  city  of  Boston,  have  had  with  it  have  been  many  and  costly, 
and  must  often  have  led  the  authorities  who  had  to  deal  with  it,  and  the 
taxpayers  who  had  to  pay  for  that  "  deal,"  to  wish  that  the  recommen- 
dation of  some  Boston  aldermen  "  to  discontinue  the  ■ brook," 

might  long  ago  have  been  adopted. 

At  Forest  Hills,  a  section  some  270  feet  in  length,  a  double  8- 
foot  conduit  will  be  built,  and  from  there  to  the  end  of  the  change  an 
open  channel  outside  the  slope  of  the  railroad  in  its  high  grade. 

The  station  arrangement  is,  in  all  cases,  for  a  double  station,  con- 
nected by  subways.  Waiting-rooms  are,  with  the  exception  of  Roxbury, 
on  the  grade  of  the  elevated  tracks,  and  have  stairways  to  the  street 
level ;  as  have  also  the  platforms  which  are  generally  15  feet  wade  at 
the  station,  and  for  about  200  feet  each  side ;  beyond  this  to  a  total 
length  of  600  or  700  feet  they  are  7  feet  in  width. 

Express  trains  are  to  run  on  the  two  inside  tracks,  and  these  tracks 
will  be  fenced  off  so  that  there  will  be  no  crossing  of  track  at  grade,  and 
passengers  alighting  from  local  trains  will  be  in  no  danger  from  the 
express  trains  which  can  then  run  regardless  of  locals  and  of  their  pas- 
sengers. 

All  freight  tracks  now  in  use  will  be  abandoned  on  the  elevated 
grade,  and,  in  substitution  for  them,  quite  an  extensive  yard  is  laid  out 
on  Lamartine  Street  from  Centre  Street  almost  to  Boylston  Station. 
This  yard  can  hold  100  cars,  and  has  tracks  outside  the  main  line  on 
which  to  do  all  shifting. 

The  estimated  cost  of  this  work  is  about  $3,500,000,  of  which  the 
Old  Colony  Railroad  pays  55  per  cent,  or  $1,925,000,  the  city  of 
Boston  $472,500,  and  the  State  $1,102,500. 

This  work  being  done  under  a  special  Act  of  the  Legislature,  the 
State's  proportion  amounting  to  $1,102,500  does  not  come  out  of  the 
five  million  which,  under  the  Act  of  1890,  is  the  limit  of  the  State's 
share. 


DISCUSSION. 


Mr.  Charles  A.  Allen. — I  have  been  very  much  interested  in 
Mr.  Rollins'  description  of  the  work  to  be  done  on  the  Providence  Di. 
vision  of  the  N.  Y.,  N.  H.  and  H.  R.  R.,  and  at  Brockton,  because,  as  far 
as  I  know,  they  are  the  first  two  comprehensive  schemes  for  carrying 
out  the  abolition  of  grade  crossings  where  more  than  one  or  two  cross- 
ngs  are  directly  concerned. 


4o0  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

When  the  Act  of  1890  was  first  passed  by  the  Legislature,  the  teu- 
deucy,  especially  on  the  part  of  the  engineers  representing  the  cities  and 
towns,  and  on  the  part  of  the  town  authorities,  was,  to  look  upon  the 
different  streets  in  cities  and  towns  as  being  independent  of  each  other, 
and  as  furnishing  problems  which  could  be  solved  independently  of  one 
another.  This  was  very  soon  found  to  be  a  mistake,  and,  as  a  conse- 
quence, very  much  work  that  would  otherwise  have  been  done  in  the 
abolition  of  grade  crossings  has  been  delayed,  and  I  think  for  very  good 
reasons  indeed. 

I  have  been  asked  to  say  something  in  relation  to  matters  we  have 
had  under  consideration  at  Northampton,  and,  as  it  is  in  a  direct  line 
with  the  sentiment  expressed,  that  crossings  in  the  cities  and  towns  are 
often  more  or  less  intimately  connected,  I  will  say  a  few  words  on  that 
subject. 

Very  soon  after  the  Act  of  1890  was  passed,  for  the  gradual  aboli- 
tion of  grade  crossings  throughout  the  State,  a  petition  was  filed  with 
the  Superior  Court  for  the  appointment  of  a  commission  to  consider  the 
matter  of  the  abolition  of  the  grade  crossings  at  Northampton.  The 
city  authorities  had  little  idea  of  what  was  required. 

A  commission  of  three  gentlemen  was  appointed,  one  of  whom  was 
Mr.  E.  K.  Turner,  formerly  the  Chief  Engineer  of  the  Fitchburg  Rail- 
road. 

The  plan  presented  by  the  Connecticut  River  Railroad,  then  an 
independent  line,  was  to  carry  the  streets  over  the  railroad  without  much 
change  of  grade  of  the  tracks.  This  plan  was  not  popular  in  North- 
ampton, and  the  city  authorities  very  soon  saw  that  they  would  need 
some  one  to  assist  them  in  the  matter.  They  employed  the  late  Augus- 
tus W.  Locke,  then  a  very  able  member  of  this  Society,  and  also  a  very 
able  and  intelligent  engineer ;  and  he  devised  a  scheme  for  elevating  the 
railroad  tracks  and  depressing  the  streets.  This  plan  did  not  provide 
for  changes  in  the  location  of  freight  yards,  but  was  necessarily  a  very 
hastily  devised  scheme,  but  it  was  presented  to  the  Commissioners. 
They  had  a  number  of  hearings,  and  at  this  time  I  was  called  into  the 
case. 

After  a  somewhat  hasty  study  of  the  question,  as  the  time  was  lim- 
ited, it  seemed  to  me  that  the  plan  proposed  by  Mr.  Locke  was  the  best 
one.  This  plan  was  presented  to  the  Commissioners,  but  they  adopted 
the  plan  presented  by  the  Connecticut  River  Railroad.  The  decree  was 
reported  to  the  Court,  but  was  contested  by  the  city.  The  Court,  how- 
ever, confirmed  the  decree. 

The  city  then  went  to  the  Legislature  for  relief,  and  had  a  bill 
passed  which  I  think  is  unique  in  the  legislation  of  this  State,  or  in  any 
other  State  for  that  matter.     It  provided  that  no  street  grades  should  be 
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changed  except  with  the  conseut  of  the  City  Council.  It  virtually  set 
aside  a  decree  of  the  Superior  Court,  and  it  was  considered  by  many 
eminent  lawyers  to  be  unconstitutional.  It  was  taken  to  the  Supieme 
Court  and  very  ably  argued  by  both  sides.  The  Supreme  Court  decided 
that  it  was  constitutional,  and  that  the  Act  must  stand.  The  parties 
interested  were  thus  left  in  a  position  where  the  city  could  not  move 
because  it  could  not  change  the  location  of  the  tracks,  and  the  railroad 
could  not  move  because  they  could  not  change  the  grade  of  the  streets. 

It  was  very  soon  found  that  some  arrangement  must  be  made  to 
bring  about  an  agreement  in  the  matter,  so  a  meeting  at  Springfield  was 
arranged  with  the  railroad  officials,  and  it  was  agreed  that  if  Mr.  Curtis, 
Chief  Engineer  of  the  N.  Y.,  N.  H.  and  H.  R.  R.,  Mr.  Bissell,  Chief 
Engineer  of  the  Boston  and  Maine  Railroad,  and  Mr.  Locke  would 
agree  upon  a  plan  it  w'ould  probably  be  adopted.  In  going  from  one 
of  the  meetings  held  following  this  decision,  Mr.  Locke  caught  a  very 
severe  cold,  and  it  was  the  last  time  he  appeared,  for  his  illness  termi- 
nated fatally.  Having  been  more  or  less  mixed  up  in  the  matter,  I  was 
called  in  to  take  his  place. 

Very  soon  after  this  a  meeting  of  the  engineers  was  held  and  work 
was  begun  in  earnest  upon  the  plans,  with  the  result  that  a  scheme  was 
developed  which  provided  for  elevating  the  tracks  and  for  the  construc- 
tion of  a  new  Union  Station,  a  new  engine  house  and  new  freight  yards, 
at  the  northern  end  of  the  city. 

The  original  decree  was  referred  back  to  the  Commission  within  a 
week,  and  I  presume  that  very  soon  the  question  will  be  settled  so  far  as 
Northampton  is  concerned,  and,  I  think,  in  a  very  admirable  way. 

These  are  the  difficulties  we  labored  under  in  the  settlement  of  this 
question,  and  it  calls  out  the  point  I  wished  to  call  attention  to,  as  sug- 
gested to  me  by  Mr.  Rollins'  paper,  although  it  seems  almost  absurd  to 
suggest  this  at  a  meeting  of  engineers.  It  is  this  :  that  plans  for  the  aboli- 
tion of  grade  crossings  in  cities  and  towns,  like  those  for  the  construction 
of  waterworks  or  sewerage  systems,  should  always  be  thoroughly  consid- 
ered before  a  decision  is  arrived  at. 

I  have  had  the  honor  to  be  connected  with  a  number  of  these  ques- 
tions throughout  the  State.  Among  them  I  call  to  mind  at  this  time  the 
matter  of  the  abolition  of  the  grade  crossings  in  the  city  of  Newton. 

The  Boston  and  Albany  Railroad  officials  devised  a  plan  for  the 
elevation  of  their  tracks  on  their  present  location,  and,  after  a  very  care- 
ful study  of  the  matter,  we  reported  in  favor  of  the  same  plan.  It 
seemed  to  be  the  best  thing  to  be  done  under  the  circumstances,  but 
there  is  this  difference  between  us  :  I  thoroughly  believe,  and  I  have  advo- 
cated, that  we  should  have  much  better  work  in  the  way  of  bridge  con- 
struction.    I  do  not  mean  that  the  bridges  should  be  built  in  a  more 
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substantial  manner,  but  that  more  attention  should  be  given  to  architec- 
tural and  artistic  effects  in  constructing  bridges,  more  particularly  in 
the  populous  parts  of  the  country,  and  especially  in  cities  as  large  as 
Newton  and  Worcester.  I  know  that  a  great  many  engineers  do  not  agree 
with  me  in  this  matter.  I  think,  however,  the  reason  is,  that  the  railroads 
have  a  very  large  portion  of  the  expense  to  pay,  and  perhaps  there  is  a  great 
deal  to  be  said  in  favor  of  their  position.  The  cities  and  towns  pay  but  10 
per  cent,  of  the  expense  of  construction,  and,  if  anything  more  than 
strength  is  required,  I  think  they  should  pay  a  larger  portion  of  the 
additional  expense.  I  do  not  think  the  railroads  should  be  called  upon 
to  pay  anything  more  than  is  required  to  construct  a  bridge  in  a  thorough 
manner.  I  am  very  glad  to  see  in  these  two  cases,  of  which  the  details 
have  been  presented  by  Mr.  Rollins,  that  a  very  decided  step  has 
been  taken  in  the  right  direction.  As  I  understand  it,  the  bridges 
on  the  Providence  Division  are  to  be  steel  arches,  with  some  masonry 
arches,  and  at  Brockton  masonry  arches  are  to  be  used  almost  entirely. 
I  believe  this  is  right,  and  where  it  can  be  done  it  should  be  done. 

I  have  examined  a  great  many  bridges  of  all  descriptions,  both  in 
this  country  and  abroad,  and  I  am  obliged  to  say  that  for  architectural 
effect  our  bridges  are  not  to  be  compared  with  those  spanning  highways  in 
France,  Germany  and  England.  I  understand  that  the  latter  have  been 
built  under  circumstances  different  from  those  we  have  here,  but  I  think 
our  cities  and  towns  ought  to  pay,  in  addition  to  the  amount  required  to 
build  a  strong,  substantial  structure,  a  sum  sufficient  to  make  it  at  least 
presentable. 

In  his  paper  Mr.  Rollins  has  referred  to  the  construction  of  electric 
roads  crossing  railroads  at  grade.  It  seems  to  me  that  this  is  positively 
the  most  dangerous  thing  that  can  be  done.  I  do  not  think  it  should  be 
permitted  under  any  circumstances,  except  as  a  temporary  measure. 

We  have  had  all  over  the  State  very  many  escapes  from  bad  acci- 
dents due  to  this  method  of  crossing.  In  Worcester,  a  short  time  ago,  a 
car  loaded  with  passengers  stopped  on  the  railroad  track  while  crossing,  as 
the  electric  current  gave  out.  An  express  train  was  approaching  rapidly. 
This  train  was  stopped  barely  ten  yards  from  the  car.  Most  of  the  peo- 
ple on  the  car  were  too  terrified  to  move,  and  a  terrible  accident  would 
have  happened  had  the  train  struck  that  car,  even  at  a  low  rate  of  speed. 
Accidents  are  liable  to  happen  at  almost  any  time  in  a  similar  manner. 
Look  at  the  accident  at  Southbridge.  I  have  heard  it  stated  that  this 
crossing  ought  to  be  abolished,  but  after  the  town  found  that  it  would 
have  to  stand  10  per  cent,  of  the  cost  of  its  abolition,  nothing  further 
was  heard  of  it,  and  it  was  thought  that  perhaps  it  was  not  a  very  bad 
crossing  after  all,  because  no  one  had  ever  been  injured  there.  This 
artrument  is  verv  often  used. 
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It  is,  of  course,  a  very  serious  question  where  the  money  is  coming 
from  to  abolish  all  the  grade  crossings  in  the  State,  and  it  is  not  to  be  sup- 
posed that  the  railroad  corporations  will  rush  into  the  matter  any  faster 
than  they  feel  they  are  obliged  to.  It  means  to  them,  to  the  State,  and 
to  the  cities  and  towns,  the  expenditure  of  an  immense  amount  of 
money.  We  are  moving  in  the  right  direction,  however,  and  the  grade 
crossing  has  got  to  go.  The  only  thing  to  do  is  to  take  hold  of  these 
questions  as  they  come  up,  and  then  settle  them  in  the  very  admirable 
way  in  which  the  questions  before  us  have  been  settled  by  the  engineers 
in  charge  of  the  Boston  and  the  Brockton  matters. 

Mr.  John  W.  Ellis. — The  elimination  of  grade  crossings  is  a 
question  of  very  grave  interest  and  importance  to  every  engineer,  and 
one  that  calls  for  engineering  skill,  experience  and  careful  study.  In 
the  matter  of  electric  railroads,  no  other  element  is,  perhaps,  of  more 
importance.  A  railroad,  with  steam  for  motive  power,  crosses  a  high- 
way, and  is  condemned  as  a  nuisance,  but  the  street  railway,  with  elec- 
tricity as  a  motive  power,  runs  parallel  to  the  railroad  on  the  highway. 
I  call  such  an  arrangement  a  street  railway  grade  crossing  throughout 
its  whole  length. 

It  has  been  my  good  fortune  to  act  as  engineer  in  several  instances 
for  the  elimination  of  grade  crossings  in  all  its  phases,  as  consulting 
engineer  for  railroads,  cities  and  towns,  and  it  seems  to  me  that,  on  the 
average,  the  railroads  are  compelled  to  bear  the  brunt  of  the  expense  of 
the  necessary  changes.  I  am  stating  things  generally,  not  specifically. 
The  railroads  are  very  likely  to  look  to  the  necessary  expense  of  the 
improvement  rather  than  to  the  public  convenience ;  the  public  looks  to 
the  appearance  of  the  work,  rather  than  to  its  practicability  taken  as  a 
whole,  while  outside  parties  sometimes  present,  in  their  own  interests, 
plans  based  more  or  less  on  speculation.  In  order  to  make  a  fair  and 
impartial  decision,  we  must  take  all  these  things  into  consideration  and 
present  them  to  the  engineer  and  to  the  commissioners ;  and  a  proper 
solution  of  the  problem  requires  the  most  careful  examination  of  the 
details  presented.  You  must  consider  the  matter  thoroughly  and 
deliberately  before  you  can  be  ready  to  grasp  the  question  and  settle 
the  problem. 

In  Providence,  a  satisfactory  agreement  between  the  city  and  the 
N.  Y.,  N.  H.  &  H,  R.  R.  was  made  in  regard  to  the  grade  cressiugs 
north  of  the  terminals.  I  think  it  was  proposed,  when  the  Legislature 
came  in  session,  to  pass  a  grade  crossing  law,  but  it  seems  now  to  be  the 
general  opinion  that  it  is  good  policy  to  learn  wisdom  from  your  State. 
A  reasonable  time  should  be  spent  by  the  parties  in  interest,  to  see  if 
they  cannot  agree,  and  they  should  not  be  allowed  a  commission  uniil 
they  have  formulated  a  plan  that  they  would  wish  to  present  to  the 
commissioners  when  they  are  appointed. 
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Mr.  Rollins'  statemeut  of  the  proposed  changes  of  grade  on  the 
Providence  Division  has  greatly  interested  me.  If,  on  this  question  of 
the  elevation  of  the  tracks,  and  in  the  capacity  of  Inspector  on  the 
Old  Colony  Railroad,  the  Directors  had  asked  me  what  effect  I  thought  it 
would  have  on  the  property  of  the  Providence  Division,  I  would  have 
replied  that  I  did  not  think  that  came  within  the  scope  of  the  engineer. 
But  it  is  quite  a  serious  question  whether  the  suburban  travel  would  or 
would  not  take  the  electric  cars  in  preference  to  it.  Then,  too,  con- 
sideration should  be  given  to  the  decrease  of  value  which  is  liable  to 
occur  to  the  lessors  in  this  case,  who  are  held  responsible  by  the  stock- 
holders to  see  that  the  value  of  the  property  does  not  depreciate. 

Mr.  F.  Herbert  Snow. — I  have  listened  attentively  to  all  that 
has  been  said,  but  I  have  listened  with  the  consciousness  that  for  me,  as 
a  city  engineer,  it  is  impossible  to  look  at  the  subject  of  the  abolition  of 
grade  crossings  from  the  standpoint  of  the  railroad  engineer.  From  the 
moment  a  scheme  is  started  until  everything  is  settled  these  engineers 
work  upon  widely  different  premises.  Each  will  labor  to  save  the  money 
of  his  employer,  and  just  so  far  as  the  city's  interests  and  those  of  the 
railroad  are  at  variance,  just  so  far  will  their  respective  engineers  be 
divided  in  their  opinions. 

Mr.  Rollins  has  given  us  some  substantial  reasons  why  the  head 
room  of  under-passes  should  be  kept  down  to  the  minimum,  but  should 
these  reasons  be  controlling  ones  ? 

I  admit  that  in  a  discussion  of  this  question  the  city  engineer  labors 
under  a  disadvantage.  The  arguments  of  the  railroad  engineer  will  be 
presented,  with  facts  and  figures  hard  to  controvert,  and  they  will,  I  am 
forced  to  believe,  be  likely  to  prevail ;  nevertheless,  I  submit  that  the 
question  of  head  room  ought  not  always  to  be  settled  upon  the  basis  of 
the  greatest  economy  to  the  railroad  company.  Why  should  it  follow, 
because  a  project  to  abolish  the  grade  crossings  of  a  community  must 
necessarily  involve  the  expenditure  of  a  large  sum  of  money,  that  econ- 
omy must  be  practiced  chiefly  at  the  highways. 

It  seems  to  me  an  erroneous  idea  that  the  only  object  to  be  sought 
and  attained  in  the  abolition  of  grade  crossings  is  their  riddance.  There 
is  a  greater  object,  and  it  is  found  in  the  broad  interpretation  of  the  term 
public  improvement.  I  argue  that  the  abolition  of  grade  crossings  is  a 
public  improvement  in  the  sense  that  the  State  recognizes  it  to  be  such, 
and  (since  such  public  works  exert  a  positive  influence  upon  the  devel- 
opment of  the  varied  interests  of  a  city)  if  the  diversified  interests,  pres- 
ent or  prospective,  of  anv  community  are  to  be  given,  as  they  should  be, 
an  opportunity  for  full  and  unrestricted  growth,  the  abolition  of  the 
grade  crossings  should  be  so  conducted  as  to  ju'ovide,  as  far  as  possible,  for 
that  growth.     Hencethedesirability  of  liberal  head  room  for  under-passes. 
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This  question  cau  be  definitely  settled  by  the  Legislature,  aud, 
since  the  clearance  of  bridges  where  a  highway  passes  over  the  railroad 
is  regulated  by  statute,  it  may  be  well  to  regulate  in  the  same  way  the 
clearance  where  a  railroad  is  to  pass  over  a  highway,  fixing  a  minimum 
height  for  all  cases. 

In  all  that  has  been  said  in  relation  to  stone  arch  bridges  I  cau 
most  heartily  concur;  and, furthermore,  I  would  like  to  make  a  plea  for 
the  principles  of  beauty  in  engineering  architecture. 

It  is  to  be  regretted  that  those  in  authority  have  sacrificed  these 
principles  to  economy  in  those  Brockton  stone  arches,  where  there  was  a 
favorable  opportunity  and  real  need  for  the  application  of  architectural 
symmetry  and  ornamentation. 

I  believe  that  sentiment  should  not  be  left  wholly  out  of  considera- 
tion in  public  works  of  this  kind.  If  it  is  true,  as  many  claim,  that  the 
influence  of  architectural  beauty,  even  in  a  stone  arch  bridge  spanning 
a  highway,  acts  upon  all  classes  as  an  incentive  to  improvement ;  if  it 
increases  the  attractiveness  of  the  city,  making  it  more  desirable  to 
reside  in  by  thus  adding  to  its  respectability,  then  I  am  supported  in  my 
belief  that  towns  and  cities  and,  above  all,  the  State  should  encourage 
and  promote  the  principles  of  beauty  in  engineering  architecture. 

I  am  not  unmindful  of  the  fact  that  a  railroad  company  is  a  money- 
making  corporation,  and  hence  its  opposition  to  any  plan  or  principle 
involving  the  expenditure  of  money  not  required  for  practical  purposes 
must  be  expected.  But  this  natural  and  proper  opposition  ought  not  to 
deter  the  town  or  city  engineer  from  his  duty.  With  him  the  question 
is  not,  what  proportion  of  the  entire  cost  of  abolishing  the  grade  cross- 
ings the  town  or  city  is  to  pay.  His  duty  is  the  same,  whether  the  town 
or  city  pays  the  whole  cost  or  none  of  it. 

It  is  pertinent  to  this  line  of  thought  to  touch  upon  the  question  of 
the  extent  to  which  the  people  of  any  particular  place  can  legally  be 
interested  in  the  plans  for  the  abolition  of  its  grade  crossings.  As  the 
subject  is  now  understood,  the  Superior  Court  decrees  what  shall  be 
done;  a  commission  is  appointed  to  give  hearings  as  to  the  necessity  of 
the  abolishment  as  asked  for  in  the  petition  of  the  selectmen,  the  mayor 
or  the  president  of  the  railroad  company.  At  the  hearing  or  hearings 
the  public  has  an  opportunity  to  be  heard.  If  I  am  correct,  as  soon  as 
the  commission  decides  that  public  necessity  does  require  an  abolishment 
of  the  crossings,  it  proceeds  to  determine  the  manner  and  limits  in  which 
the  work  shall  be  done,  and  this  it  has  a  right  to  do  without  consulting 
the  public.  This  being  the  fact,  there  is  no  opportunity  for  individual 
remonstrance  to  the  plans.  This  is  a  good  thing  in  some  respects  and  a 
very  bad  thing  in  other  respects.  Even  the  right  of  the  mayor  to 
remonstrate  effectually  is  debatable,  so  that  it  becomes  a  vexed  question 
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for  the  city  engineer  to  decide  to  what  extent  lie  is  connected  with  the 
proceeding  when  he  is  instructed  by  the  mayor  to  look  out  for  the  engi- 
neering interests  of  the  city.  Of  course,  the  raih-oad  officials  will  not. 
fail  to  keep  constantly  before  him  the  fact  that  the  city  pays  but  10  per 
cent,  of  tlie  entire  cost. 

The  subject  of  land  and  grade  damage  has  been  an  important  one 
at  Brockton.  I  was  called  upon  to  prepare  plans  and  estimates  of  the 
cost  of  abolishing  the  grade  crossings  of  a  place  where  the  development 
of  adjoining  property  had  been  governed  and  controlled  largely  by  its 
relation  to  the  elevation  and  location  of  the  railroad  and  by  the  privi- 
leges thus  afforded,  and  where  the  rents  of  buildings  and  the  values  of 
land  have  come  to  depend  upon  the  custom  of  the  public  to  take  par- 
ticular streets  or  avenues  in  passing  to  and  from  passenger  stations, 
upon  grade  crossings,  and  upon  other  facts  which  entered  largely  into 
the  problem.  In  summing  up  the  items  of  cost,  I  found  the  item  of 
land  and  grade  damage  to  be  a  large  one. 

This  will  be  more  or  less  true  in  other  cities.  But  the  engineer  is 
most  concerned,  not  in  the  extent  of  the  item,  but  in  its  correctness,  and 
I  do  not  hesitate  to  say  that  no  matter  how  much  care  has  been  exer- 
cised in  studying  details  and  estimating  damages  to  every  estate  affected, 
or  whether  or  not  the  engineer  has  anything  to  do  with  the  final  settle- 
ment of  the  claims,  that  one  item  will  cause  him  more  trouble  than  all 
others  put  together. 

If  the  engineer  is  appointed  to  settle  claims,  he  will  be  impressed 
with  the  manifold  difficulties  of  the  work  before  he  has  fairly  made  a  begin* 
uing,  and  if  higher  authorities  decide  that  the  settlement  of  claims  is 
not  necessarily  an  engineer's  work,  and  if  others  are  appointed  to  do  it, 
without  the  consent  and  knowledge  of  the  engineer,  his  estimates  are 
likely  to  be  largely  exceeded,  and  his  judgment  and  competency  brought 
into  question. 

After  the  preliminary  plans  of  the  Brockton  scheme  were  agreed 
upon  by  all  parties  in  interest,  the  railroad  engineer  and  the  city  engi- 
neer took  up  separately  the  details  of  all  those  parts  of  the  work  in 
which  their  respective  principals  were  most  directly  concerned,  and  upon 
the  joint  estimates  submitted  by  the  engineers  the  whole  project  was 
based.  In  making  estimates  of  damages,  great  care  was  taken,  and 
much  time  and  special  study  were  given  to  over  250  cases,  in  order  to 
obtain  estimates  which  should  be  fair,  and  yet  large  enough  to  allow  for 
a  liberal  settlement. 

We  had  good  and  sufficient  reasons  for  every  case  and  estimate, 
and  we  had  confidently  hoped,  after  having  taken  these  infinite  pains, 
that  settlements  could  be  effected  in  or  out  of  Court  upon  the  basis 
of  our  estimates.     These  estimates  have  not  controlled  in  settlements. 
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and,  while  I  do  not  find  fault,  nor  in  any  way  criticise  the  judgment  of 
those  who  have  been  appointed  anl  are  zealously  discharging  the 
duties  intrusted  to  them,  I  do  criticise  the  railroad  company  for  not 
allowing  its  engineer  a  voice  in  the  matter  of  settlements. 

The  railroad  company,  which,  by  the  decree  of  the  Court  in  Brock- 
ton's case,  is  to  do  all  the  work — the  city  engineer  directing  that  part  of 
it  in  and  under  the  highways — had  to  rely  on  the  judgment  of  the  engi- 
neers in  the  first  place ;  and  since  the  company  decided  to  settle,  out  of 
Court,  as  many  cases  as  possible,  the  least  it  could  have  done  in  fairness 
to  the  engineers  was  to  allow  them  a  chance  to  substantiate  their  esti- 
mates before  settlements  were  made.  Under  these  conditions  you  can 
readily  conceive  how  an  engineer  could  be  more  worried  and  perplexed 
and  hindered  than  if  the  whole  job  of  adjusting  damage  claims  devolved 
upon  him.  I  say,  therefore,  to  the  city  engineer :  Look  out  fur  the  cor- 
rectness of  the  item  of  land  and  grade  damage,  and  do  your  best  to  secure 
a  voice,  either  for  the  railroad  engineer  or  for  yourself,  in  the  settlement 
of  claims. 

Right  in  this  connection  I  might  refer  to  those  parties  owning  busi 
ness  properties  adjacent  to  and  depending  upon  the  railroad  and  its 
facilities,  who  cannot  recover  damages,  really  serious  in  s(?me  cases, 
resulting  from  the  elevation  or  depression  of  the  railroad  tracks.  The 
railroad  company  claims  the  right  to  elevate  or  depress  its  road-bed  with- 
out considering  the  consequent  damages  to  abutting  properties,  but  I  ask 
this  question  :  Since  public  interest  requires  the  railroad  company  to 
alter  the  conditions  under  which  thousands  of  dollars  have  been  invested 
in  developing  and  equipping  private  property,  with  facilities  for  doing 
business  with  the  railroad,  and  since  these  alterations — called  for  by 
public  necessity — cause  serious  damage  to  these  private  properties,  would 
not  a  claim  for  compensation  here  be  as  valid  as  that  for  damages  to 
estates  abutting  on  a  highway  where  changes  in  grade  are  made '! 

Mr.  George  A.  Kimball. — I  have  been  much  interested  in  Mr. 
Rollins'  description  of  the  proposed  changes  at  Brockton  and  in  Boston  on 
the  Providence  Division  of  the  New  York,  New  Haven  &  Hartford  Rail- 
road. Both  of  these  improvements  were  recommended  in  1889  by  the 
Grade  Crossing  Commission,  of  which  the  late  Mr.  Locke  was  chairman. 

I  wish  to  add  my  testimony  to  that  of  Mr.  Allen  in  regard  to  the 
importance  of  considering  these  questions  in  a  comprehensive  manner,  as 
has  been  done  in  these  two  cases.  To  mature  plans  of  this  magnitude  re- 
quires careful  and  patient  negotiation.  The  plans  presented  this  even- 
ing are  the  result  of  nearly  five  years  of  study  and  negotiation  between 
the  parties  interested.  The  results  are  a  credit  to  the  officials  of  the 
cities  and  of  the  railroad  company. 
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Years  ago  engineers  Avuukl  hardly  have  dared  to  recommend  such 
marked  changes  in  the  grade  of  the  railroad  as  are  proposed  in  the  two 
improvements  described.  I  think  it  was  twenty  years  ago  when  the 
matter  of  raising  the  railroad  tracks  came  up  in  Springfield.  At  that 
time  the  County  Commissioners  decided  to  separate  the  grades,  and  they 
sent  in  a  decree  demanding  that  the  railroad  companies  raise  their  tracks, 
substantially  as  they  have  now  done.  This  was  opposed  by  the  railroad 
companies  and  was  finally  sent  to  the  Supreme  Court.  The  Court  decided 
that  the  County  Commissioners  could  not  compel  the  railroad  companies 
to  raise  their  tracks.  The  decree  of  the  court  is  contained  in  the  Massa- 
chusetts Report  116,  page  78,  and  a  portion  of  it  reads  as  follows: — 
"  The  much  greater  weight  and  speed  of  the  engines  and  cars  moved  by 
steam  upon  a  railroad,  than  of  the  wagons  and  carriages  traveling 
upon  an  ordinary  highway,  render  it  necessary  that  the  railroad  should 
be  constructed  nearly  upon  a  level,  and  make  it  much  more  practicable, 
in  accommodating  the  necessities  of  the  one  to  those  of  the  other,  to  vary 
the  grade  of  the  highway  than  that  of  the  railroad." 

The  decision  was  made  in  the  year  1874,  and  sve  find  that  a  few 
years  later  the  railroads  voluntarily  raised  their  tracks  and  built  a 
beautiful  stone  arch  bridge  over  Main  Street. 

In  making  these  improvements  I  would  be  glad  to  see  more  sub- 
stantial masonry  arch  bridges  built  instead  of  the  common  iron  bridges 
which  are  usually  erected.  The  stone  arch  can  be  made  to  please  the 
eye,  and,  when  once  built,  it  is  good  for  a  great  many  years  with  little 
expense  for  repairs.  The  Pennsylvania  Railroad  Company's  Chief 
Engineer  writes  me  that  iron  bridges  do  not  last  more  than  ten  or  fifteen 
years  under  their  traffic,  no  matter  how  heavy  they  are  built.  They  con- 
stantly need  painting,  new  floor,  etc.  They  have  masonry  arch  bridges 
forty  years  old,  that  have  not  recpiired  more  than  forty  dollars  for  re- 
pairs in  fifteen  years. 


THE  LIBRARY. 


It  is  proposed  to  notice  brief! j-,  in  this  department  of  tlie  Journal,  sucli  engineering  publications 
as  may  find  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  works  for  review,  to  state  the  prices  of  same. 


Ij^Esposizione   eel  i  Congress!  di  Cliicago,   nel  1893.    By  Cav 

Ing.  Celso  Capacci.     Florence.     1894. 

Those  who  had  the  good  fortune  to  meet  Cav.  Capacci  during  liis  visit  to  this 
country  and  to  the  World's  Fair  will  note  with  interest  the  appearance  of  this  re- 
port, in  which  he  describes  the  impressions  gained  here. 

A  dozen  pages  are  devoted  to  a  description  of  New  York  City  and  its  various 
points  of  interest,  and  half  as  many  to  a  brief  account  of  the  three  principal  national 
engineering  societies.  As  the  exhibition  itself  is  handled  in  thirty-three  pages,  and 
tlie  International  Congress  in  fourteen  more,  it  will  be  readily  understood  that  our 
author  has  not  undertaken  to  give  to  his  compatriots  more  tlian  a  superficial  view 
of  the  great  exhibition.  Three  pages  are  devoted  to  California,  and  a  table  of  a  few 
of  the  more  common  English  measures,  with  their  metrical  equivalents,  is  given. 

Diatoms  In  Surface  AVaters.     Some  Observations  on  the  Growth 

OF .     By  George  C.  Whipple,  S.B.,  Biologist  in  charge  of  Laboratory  of 

tiie  Boston  Water  Works,  Biologist  of  the  AVater  Works  of  Lynn.     Reprint 

from  the  Technology  Quarterly,  October,  1894, 

If  an  engineer  in  these  late  days  is  ever  tempted  to  imagine  that  he  knows  it 
all,  such  works  as  these,  showing  how  largely  he  is  dependent  upon  specialists  in 
other  lines,  ought  to  correct  the  error. 

Mr.  Whipple,  after  briefly  referring  to  the  very  complete  system  of  work  at 
the  Boston  Laboratory,  defines  diatoms  as  minute  plants  forming  a  group  of  micro- 
scopic algfe,  containing  over  one  hundred  genera,  of  which,  however,  not  more  than 
twenty  are  commonly  found  in  our  water  supplies,  and  only  six  have  thus  far  been 
found  to  be  of  practical  importance. 

Except  that  "Asterionella  is  the  diatom  which  is  most  active  in  producing  tastes 
and  odors  in  the  water,"  we  do  not  find  that  our  author  states  to  what  extent  these 
growths  are  injurious  to  a  water  sup})ly.  He  does,  however,  urge  the  importance  of 
removing  the  top  soil  when  i)reparing  a  reservoir  for  the  storage  of  water,  inasmuch 
as  the  neglect  of  this  precaution  encourages  these  diatom  growths. 

Mr.  Whipple  reaches  the  following  conclusions  : 

(1)  That  the  growth  of  diatoms  in  ponds  is  directly  connected  with  the  i)hen- 
omenon  of  stagnation  ;  that  their  development  does  not  occur  when  the  lower  strata 
of  water  are  quiescent,  on  account  of  greater  density,  but  rather  during  those  periods 
of  the  year  when  the  water  is  in  circulation  from  top  to  bottom. 

(2)  That  diatoms  flourish  best  in  ponds  having  muddy  bottoms. 

(3)  That  in  deep  ponds  there  are  two  well-defined  periods  of  growth — one  in  the 
sjiring  and  one  in  the  fall ;  that  in  shallow  ponds  there  is  usually  a  spring  growth 
but  no  regular  fall  growth,  and  that  other  growths  may  occur  at  irregular  intervals 
as  the  wind  happens  to  stir  up  the  water. 

(459) 
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(4)  That  the  two  most  important  conditions  for  tlie  growth  of  diatoms  are  a  suffi- 
cient supply  of  nitrates  and  a  free  circulation  of  air,  and  that  both  these  conditions 
are  found  at  those  periods  of  the  year  when  the  water  is  in  circulation. 

(5)  That  while  temperature  has  possibly  a  slight  influence  on  the  growth  of 
diatoms,  it  is  of  so  little  importance  that  it  does  not  affect  their  seasonal  distribution. 

(6)  That  the  increase  of  diatoms  takes  place  substantially  in  accordance  with  the 
law  of  geometrical  progression,  and  that  the  cessation  of  their  growth  is  caused  by 
the  diminution  of  their  food  supply. 

Tlie  Mecliaiiical  Englneei's'  Pocket-Book. — A  reference  book  of 
rules,  tables,  data  and  formulie,  for  the  use  of  engineers,  mechanics  and 
students.  By  William  Kent,  A.M.,  M.E.  First  thousand,  first  edition.  New 
York  :  John  Wiley  &  Sons,  1895.  1087  pages,  4.^6.^  inches,  including  index. 
Price,  §5.00. 

To  attempt  anything  like  an  adequate  review  of  this  admirable  work  would  be 
idle  ;  first,  because  it  would  occupy  an  entire  number  of  the  Journal,  and  second,  be- 
cause no  engineer,  mechanical,  civil,  mining,  electrical,  hydraulic  or  marine,  can 
afford  to  be  without  a  copy,  and  hence  an  extended  review  is  uncalled  for. 

Suffice  it  to  say  here  that  every  i>age  gives  evidence  of  conscientious  pains-tak- 
ing on  the  part  of  the  author,  who,  while  he  has  freely  (and  most  properly)  availed 
himself  of  results  published  by  others,  has  done  so  without  falling  into  those 
scissors-and-paste  methods  which  have  made  the  average  pocket-book  the  useless 
article  it  is. 

The  publishers  seem  to  have  vied  with  the  author  in  making  this  book  what  it 
ought  to  be,  and  the  result  is  a  thoroughly  presentable,  readable  and  indispensable 
addition  to  the  Engineers'  Library. 

Poi'tland  Cement.     A  monograph.     By  Charles  D.  Jameson,  Professor  of 

Engineering,  State  University  of  Iowa,  Iowa  City,  Iowa,  1895.     The  Transit, 

Vol.  Ill,  No.  1,  January  1895. 

An  entire  number  of  The  Transit,  containing  192  pages,  is  devoted  to  this 
valuable  treatise  on  Portland  Cement.  The  author  has  already  commended  him- 
self to  public  favor  by  a  series  of  admirably  written  papers  on  Railroad  Surveying, 
and  the  care  and  thoroughness  bestowed  upon  their  preparation  has  evidently  not 
been  witheld  in  the  writing  of  the  present  paper. 

The  author  covers  the  entire  ground  of  his  subject,  embracing  the  natural 
materials  entering  into  the  composition  of  cement,  their  i)reparation,  the  history 
of  the  manufacture  and  use  of  cement,  cement  specifications  and  tests,  the  chemistry 
of  the  hardening  of  cements,  and  the  use  of  cements  in  actual  construction. 

Typographically  the  work  is  well  presented,  audit  is  thoroughly  and  admir- 
ably illustrated.  The  illustrations  include  a  number  of  fine  photographic  views 
showing  the  use  of  concrete  on  the  Hennepin  Canul  and  at  the  Leland  Stanford,  Jr., 
University. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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IV.  Description  of  the  AVork  and  Metliods  of  Construction 
on  tlie  Summit  Division. 


By  E.  K.  Shxable,  Member  of  the  Western  Society  of   Engineers. 


[Read,  February  6,  1895.*] 


INTRODUCTORY. 

Although  the  force  ou  each  section  is  carefully  takeu  twice  a  day, 
a  discussion  of  the  cost  of  the  various  methods  employed  on  the  Summit 
Division  must  necessarily  be  omitted  at  this  time.  This  subject  can- 
not be  takeu  up,  properly,  until  after  the  completion  of  the  canal.  I 
will,  therefore,  ask  the  Society's  indalgeuce  while  describing  briefly 
other  matters  of  less  interest. 

location. 
The  Summit  Division  comprises  sections  "C,"  "D,"  "E,"  "F," 
"G"  and  "H."  The  first  three  being  west  of  the  Summit — Riverside 
Road — and  the  last  three  being  east  thereof  Section  "F"  occupies 
the  lowest  divide  between  the  Mississippi  Valley  and  the  Basin  of  the 
Great  Lakes.  Before  the  river  diversion  levees  were  constructed,  I 
have  seen  the  spring  freshets  of  the  Des  Plaines  River  and  the  melting 
snow  and  ice  on  this  section  flow  westerly  over  the  Summit  Road  and 

■■'Manuscript  received  May  3, 1895. — Secrdary,  Ass'n  of  Evg.  Socs. 
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easterly  into  the  Ogden  Ditch,  which  empties  into  the  Chicago  River.  The 
tangents  of  the  main  channel  were  located  nearly  parallel  to  the  old 
Illinois  and  Michigan  Canal,  the  3-degree  curve  of  this  canal  being 
replaced  by  a  30-niinute  curve  of  the  new  canal.  This  curve  is  6,510  feet 
long  and  lies  across  the  east  half  of  Section  "E,"  across  Section  "F," 
extending  100  feet  into  Section  "  G."  The  center  of  the  curve  was 
located  from  the  point  of  intersection.  The  initial  point  of  the  location 
being  at  the  Willow  Springs  Road  the  curve  was  turned  from  the  P.  T, 
It  was  measured  over  levees,  private  railroad  tracks,  a  highway  embank- 
ment, through  ice  loading  platforms,  willow  brush  and  weeds,  with 
water  standing  two  feet  deep  in  places,  and  checked  on  the  center  of 
curve  and  P.  C.  to  one-tenth  of  afoot  for  distance  and  the  width  of  a 
flag-pole  for  alignment. 

CROSS-SECTIOX. 

The  cross-sections  are  from  31  to  40  feet  deep,  202  feet  wide  at  the 
bottom,  with  2  to  1  slopes,  27J  feet  above  grade,  above  which  point  the 
slojjes  change  to  1?  to  1.  This  channel,  of  600,000  cubic  feet  per 
minute  capacity,  is  being  constructed  from  Willow  Springs  to  the 
Summit  Road,  where  it  contracts  to  the  half-channel  and  thus  continues 
to  Robey  Street  in  Chicago.  The  half-channel  is  110  feet  wide  at  the 
bottom,  with  2  to  1  slopes  to  the  surface. 

MATERIAL. 

The  material,  excavated  and  to  be  excavated,  is  composed  of  loam, 
decomposed  vegetable  deposits,  sand,  gravel,  clays,  hardpan  and  solid 
rock.  The  quantities  in  each  section  are  approximate,  until  such  time 
as  the  surface  of  the  solid  rock  is  completely  uncovered.  The  total 
quantities  to  be  excavated  in  each  section,  based  upon  the  incomplete 
data  now  at  hand,  are  as  follows: 


Section. 

Glacial  Drift. 

I 
Solid  Roclc, 

C 
D 
E 
F 
G 
H 

1,887,755  c.  V. 
1,877,721     "' 
1.813,659     " 
1,093,653     " 
1,364,075     " 
1,077,032     " 

137,694  c.v. 
78,765     '■ 
16,724    " 

Totals, 

9,113,895  c.y. 

233,180  c.y. 

These  quantities,  with  429,850  cubic  yards  in  the  River  Diversion 
and  Levees  and  a  few  collateral  items,  make  the  cost  of  the  Division 
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$2,772,909.  Up  to  January  1,  1895,  $1,015,952.99  have  beeu  esti- 
mated, and,  excepting  the  121  percentage  retained,  have  been  vouchered 
in  semi-monthly  payments. 

SECTION   "  C,"    WESTERN    DREDGING    AND    IMPROVEMENT   CO. 

The  lower  half  of  this  section  occupies  the  former  bed  of  the  Des 
Plaines  River.  Consequently  the  Diversion  channel  was  necessarily  exca- 
vated first.  This  channel  has  a  base  of  200  feet,  1  to  1  slopes,  and  an 
average  cutting  of  about  5  feet.  This  work  was  done  during  1893,  with 
two  Barnhart  steam  shovels  and  inclines,  supplemented  with  a  large 
wheelscraper  force. 

At  the  same  time  a  large  wheelscraper  force  excavated  the  first  8 
feet  of  the  east  and  dry  half  of  the  main  channel.  During  November, 
1893,  a  steam-shovel  and  work-train  plant  was  installed,  consisting  of  2 
special  Barnhart  shovels,  4  locomotives  and  26  flat  cars  with  a  side-plow- 
and  cable.  This  method  of  unloading  flat  cars  with  side  plow  was  soon 
abandoned.  Large  dump-cars,  after  the  plans  of  Mr.  J.  O.  Wright, 
General  Manager,  were  built  in  Joliet  and  also  by  the  U.  S.  Car  Com- 
pany. They  are  12  feet  long,  11  feet  8  inches  wide  and  18  inches 
deep,  inside  measure,  of  7|  cubic  yards  capacity,  struck  measure. 
These  cars  are  wider  than  usually  built,  and  have  the  advan- 
tage of  clearing  themselves  readilv  in  being  dumped.  The  over- 
lying earth  and  soft  clays  having  been  removed  by  teams,  the  material 
left  for  the  steam  shovels  is  found  to  vary  in  short  distances.  The  for- 
mation is  of  the  nature  of  hardpan  and  boulder  hummocks  or  waves 
with  pockets  or  hollows  of  sand  and  sandy  clay.  The  two  shovels,  pro- 
gressing longitudinally,  may  have  60  feet  of  free  digging,  while  the  next 
100  feet  of  progress  may  require  drilling  and  blasting. 

The  output  per  working  day  consequently  varies.  For  July  the 
average  output  per  working  day  per  shovel  was  762  cubic  yards  ;  in 
August,  533  cubic  yards ;  in  September,  820  cubic  yards  ;  in  October, 
493  ;  in  November,  503,  and  in  December,  538. 

The  daily  force  is  distributed  as  follows  : 

Output  and   Dispositiox  of  Material. 
2  Foremen,  2  Shovel  Engineiuen, 

2  Cranesmen,  2  Firemen, 

8  Pitmen,  4  Locomotive  Enginemen, 

4  Trainmen,  18  to  26  Dnrajimen. 

3  to  12  Ditclvers, 

Repairs  of  Plant. 
1  Foreman,  12  Track  laborers, 

1  Macliinist,  1  Blacksmitli, 

1  Blacksmith  Helper,  2  Car  Repairers. 
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Drilling  and  Blastin(;. 


Pit  PuMPixci. 
Feed  Water  Supply. 


3  Laborers. 
2  Pumpmen. 

1   Pumpman. 

General  Expenses. 
1  Superintendent,  1  Watchman, 

1  Timekeeper,  ]   Electrician, 

1  Swing  Team. 

Night  work  was  abandoued  on  December  8tli,  oii  account  of  the 
cold  weather.  The  phint  consists  of  2  steam-shovels,  4  locomotives,  32 
dump-cars,  3  centrifugal  pumps,  1  dynamo  and  2}  miles  of  standard 
gauge  track.  The  first  view.  Fig.  1,  is  taken  at  about  the  middle  of  the 
section  looking  east. 

SECTION     "  D." — E.   D.    SMITH    &    CO.,    CONTRACTORS. 

The  material  in  this  section  is  similar  to  that  of  Section  "C."  The 
Des  Plaines  River, not  interfering  with  the  main  channel  and  spoil  bank 
as  located,  was  not  diverted.  In  April,  181^)3,  the  contractors  began  work 
by  first  putting  up  a  temporary  levee  with  a  wheelbarrow  force.  Upon 
this  embankment  a  standard  gauge-track  was  laid,  connecting  their  work 
with  the  Chicago  and  Calumet  Terminal  Railway.  The  next  view,  Fig. 
2,  is  a  map  of  this  section  showing  the  plan  adopted  by  the  contractors, 
and  the  gradual  shifting  of  the  tracks  as  the  work  progressed.  It  may 
be  called  a  double  "  Y  "  stub-end  method.  The  shovels  were  started  at 
the  center  of  the  section,  one  headed  east  and  the  other  west.  When  the 
work  was  started  the  tracks  lay  as  shown  and  marked  "  AA.  "  After 
each  cut,  as  shown  by  the  specimen  cross-section  on  the  left  of  the  map 
(which  is  one  of  the  monthly  progress  record),  the  pit-tracks  ai'e  shifted, 
the  incline-track  correspondingly  lengthened  until  they  now  occupy  the 
position  marked  "  BB."  The  unloading  tracks  were  located  as  shown 
at  "AA,"  and  have  gradually  been  moved  to  the  position  marked 
"  BB,"  as  the  spoil-bank  increased  in  width.  14°  or  16°  curves  were 
ado})ted.  The  map  also  shows  the  various  camp,  store  and  shop-build- 
ings in  use.  Two  Worthington  duplex  pumps  are  located  in  the  pit 
near  the  middle  of  the  section.  One  is  in  constant  service,  while  the 
other  is  held  in  reserve  for  emergencies,  such  as  a  heavy  rainfall,  or 
while  the  other  pump  is  being  shifted  or  repaired. 

The  waste-water  is  discharged  into  the  Illinois  and  Michigan  Canal 
through  a  ditch  and  box  culvert.  During  the  past  year  progress  was 
materially  aided  by  a  large  New  Era  grader  and  wheelscraper  force ; 
352,430  cubic  yards  being  removed  by  this  method,  "  C." 


Fig.  1. 


Specimkn  Cross-Section. 


Fig.  3. 


For  Fig.  4,  see  folded  insert  sheet. 
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To  insure  the  early  completion  of  this  section,  a  third  steam-shovel 
was  purchased.  By  referring  to  the  specimen  cross-section  it  will  be 
seen  that  a  large  quantity  of  material  will  be  left  lying  on  the  left-hand 
slope,  "  E,"  which  the  lower  shovels  cannot  reach.  The  third  shovel 
is  now  working  down  this  slope,  the  material  being  loaded  into  3  horse 
wagons.  When  this  work  is  completed  the  shovel  will  be  transferred  to 
the  right  slope,  "  E-,,"  and  will  work  down  this  slope  in  a  similar  man- 
ner. When  the  pit- shovels  reach  the  foot  of  the  left  slope,  at  grade 
"  D,"  they  will  begin  excavating  towards  the  right,  on  the  plane  of  this 
grade.  The  method  of  working  this  section  has  been  well  planned,  and  is 
being  managed  with  commendable  executive  ability.  The  entire  plant  was 
new  when  installed,  and  no  changes  of  plan  nor  plant  have  been  made 
since  the  work  began.  The  plant  consists  of  1  "A"  frame  and  2  special 
Bucyrus  steam-shovels,  4  Baldwin  saddle-tank  locomotives,  3j  miles 
of  standard  gauge  track,  and  40  Corey  dump-cars.  These  cars  are  9 
feet  6  inches  long,  8  feet  wide  and  2  feet  deep,  holding  5^^^^  cubic  yards, 
struck  measure.  The  daily  average  output  per  shovel  has  varied  from 
800  to  1,200  cubic  yards  per  working  day.  Up  to  February  1st,  1,147,- 
731  cubic  yards  have  been  removed. 

SECTION  "E." STREETER  AND   KENEFKK,  CONTRACTORS. 

The  material  in  the  west  half  of  this  section  is  similar  to  that  of 
sections  "C"  and  "D,"  lacking,  however,  its  sandy  and  friable  character. 
In  the  east  half  we  find  loam,  clay,  a  homogeneous  or  cemented  hardpan, 
cheesy  clay,  bull  liver,  boulders,  and  solid  limestone,  in  the  order  named. 
The  hardpan  or  boulder  clay  is  too  hard  to  excavate  without  the  use  of 
powder.  Drilling  is  costly,  as  the  imbedded  gravel  and  small  boulders 
bind  the  drill  bar.  This  hardpan  does  not  soften  in  the  least  under 
water,  when  first  taken  out  of  the  pit.  After  a  piece  has  been  exposed 
to  the  air  until  dry  it  dissolves  rapidly  upon  immersion.  Bull  liver,  so 
called  by  well  diggers,  is  a  mixture  of  very  fine  sand,  pulverized  lime- 
stone, and  water.  It  is  water-bearing,  but  not  porous,  as  hard  to  dig  as 
clay  when  in  place,  and  when  stirred  up  as  sticky  as  molasses  and  more 
treacherous  than  quicksand.  As  yet  it  has  not  been  uncovered  by  the 
contractors,  but  was  encountered  in  sinking  test  pits.  Approximately 
there  are  336,900  cubic  yards  of  this  material  on  this  section. 

During  the  season  of  1893  the  contractors  removed  the  upper  3  to 
8  feet  (about  469,000  cubic  yards)  with  a  large  wheelscraper  force.  The 
section  was  divided  into  five  parts  and  the  work  was  done  by  five  outfits. 

One  of  my  assistants,  Mr.  J.  H.  Brace,  tabulated  the  following 
information,  showing  a  comparison,  due  to  the  nature  of  the  material 
and  manag-ement. 
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STATIONS. 


From 


To 


Average 
Fill. 


Average 
Cut. 


Total 
Lift. 


Average    I       Total 
Haul.       Excavation. 


Method  ot 
Excavation. 


460 

470 

470 

480 

480 

490 

490 

500 

500 

507 

Feet. 

12.0 
12.0 
11.0 

7.0 
7.0 


Feet. 

8.0 
8.3 
7.0 
3.4 


Feet. 
20.0 

20.3 

18.0 

10.4 

11.3 


Feet. 
400 


Cubic  Yards. 

!     94,879 


400 

98,515 

400 

85,761 

400 

33,185 

400 

29,678 

Wheelscrapers. 


STATION..     ctf'^llScSd.     KatioofTean.. 


REMARKS. 


From  '      To 


Per 

Team . 


Per 


Wheel-    I  Wheel- 


Whppl     scraper  to  scraper  toi 

-CTaner        .^^"''-        ^""^^'^    ' 
.crapei.  ,     -pg^j^^         Team. 


Nature  of  Material. 


460 
470 
480 
490 
500 


470 
480 
490 
500 
507 


29.8 

42.2 

27.1 

39.3 

24.4 

35.2 

35.0 

50.1 

28.3 

42.1 

4_9__i   I  4  i_  -1  I  Very  stiff  blue  and  yellow  clay, 

1"        I     '^^  '      with  a  few  large  boulders. 

4^1^  _1  I  4_3_  _i 
^10     •'■;^io     ■'■'J 

i-j^Q  -1  I  4y%  -1  "j  Stiff,  yellow  clay,  containing  a 

I  y     great  number  of   boulders  of 

4y%  -1  I  3y%  -1  I  j      all  sizes. 


During  August,  1893,  a  steam-shovel  plant  was  installed,  con- 
sisting of  two  Bucyrus  shovels,  four  small  locomotives,  and  fifty 
small,  narrow-gauge  dump  cars.  After  a  month '«  work  the  contractors 
were  compelled  to  use  powder,  as  the  shovels  were  unable  to  dig  the 
hardpan  in  paying  quantities.  January  15,  1894,  this  work  was  shut 
down,  the  contractors  petitioning  for  relief.  August  29th  a  re-letting 
was  ordered.  On  September  19th,  Angus  and  Gindele  were  awarded  the 
contract.  These  contractors  have  adopted  the  steam-shovel  and  work 
train  method,  with  standard-gauge  track  on  the  loop  plan. 


SECTION    "  F.    — RICKER,  EEE   &    CO.,  CONTRACTORS. 

This  section  was  more  or  less  under  water  until  July  15,  1893. 
Before  that  time  the  team  forces  were  employed  on  the  River  diversion 
channel  and  levees.  To  guard  against  the  destruction  of  the  levees  by 
an  unheard  of  flood,  a  concrete  masonry  spillway,  costing  $20,518,  was 
constructed  in  November  and  December.  The  top  of  the  levee  has  an 
elevation    of    25  feet  above    Chicago  datum,    while   the    top    of   the 
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spillway  is  16.25  feet  above  datum.  This  spillway  is  now  the 
lowest  divide  betweeu  the  Mississippi  Valley  and  the  Basin  of  the  Great 
Lakes.  The  flood-waters  of  the  Des  Plaines  River  poured  over  this 
spillway  last  March  for  but  a  short  period  of  61  hours.  After  pro- 
visions have  been  made  for  carrying  the  combined  waters  of  the  Drain- 
ao"e  Canal  and  Des  Plaines  River  through  Joliet,  the  height  of  the 
spillway  will  be  raised  sufficiently  to  prevent  any  of  the  flood-waters 
from  reaching  the  Chicago  River.  The  next  view,  Fig.  3,  shows  this 
spillway,  looking  north. 

The  material  of  this  section  consists  of  loam,  soft  clay  (with  beds 
■f  sand  in  which  were  found  trunks  and  branches  of  trees,  small  shells 
and  black  walnuts),  boulder  clay  or  hardpan,  cheesy  clay,  bull  liver, 
boulders  and  solid  lime  stone,  in  the  order  named.  Two  steam-shovels 
and  a  large  team  force  were  employed  at  the  same  time.  The  section 
beino-  in  water-bearing  strata,  the  shovels  were  worked  on  a  lower 
plane,  thus  permitting  the  working  of  teams.  The  material  was  thus 
removed  down  to  the  boulder  clay.  The  contractors  then  made  another 
start,  with  steam  shovels  alone,  employing  a  force  of  drillers  and 
blasters. 

To  show  the  difference  in  material,  I  will  add  the  force  account 
and  the  corresponding  output  for  a  month's  work  in  the  upper  clay  and 
the  same  for  a  month's  work  in  boulder  clay. 

IN  CLAY. 
The  daily  force  is  distributed  as  follows  : 

OUTPUT   AND   DISPOSITION    OF   MATERIAL. 

"2  Foremen,  4  Locomotive  Firemen, 

2  Shovel  Enginemen,  G  Trainmen, 

2  Cranesmen,  25  Diimpmen, 
2  Firemen,  2  Ditchers, 

12  Pitmen,  2  Waterboys. 

4  Locomotive  Enginemen, 

REPAIR?;    OF    PLANT. 

1  Foreman,  1  Car  Repairer, 

10  Trackmen,  1  Blacksmith, 

1  Macliinist,  1  Blacksmitli  Helper. 

PIT    PUMPING. 

2  Pumpmen. 

FEED  WATER   SUPPLY. 

1  Pumpman. 

General  Expenses. 
1  Superintendent,  5  Watchmen, 

1  Timekeeper. 


468  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Plant  Employed. 

2  Bucyrus  Steam  Shovels,  30  Thatcher  Dump  Carts, 

3  Pumps. 

The  daily  average  output  per  shovel  for  the  month  was  732  cubic 
yards. 

IN  HARDPAN   OR  BOULDER  CLAY. 
Output  and  Disposition  of  Material. 
2  Foremen,  3  Locomotive  Firemen, 

2  Shovel  Enginemen,  2  Trainmen, 

2  Cranesmen,  12  Dnmpmen, 

2  Firemen,  2  Ditcliers, 
12  Pitmen,                                                      2  Waterboys. 

3  Locomotive  Enginemen, 

Repairs  of  Plant. 
1  Foreman,  1  Car  Repairer, 

10  Trackmen,  1  Blacksmith, 

1  Machinist,  1  Blacksmith  Helper. 

Pit  Pumping. 

2  Pumpmen. 

Feedwater  Supply. 
1  Pumpman. 

Drilling  and  Blasting. 
16  Laborers,  1  Foreman. 

General  Expenses. 
1  Superintendent,  4  Watchmen. 

1  Timekeeper, 

Plant   Employed. 

2  Bucyrus  Shovels,  3  Pumps. 
24  Thatcher  Dump  Cars, 

The  daily  average  output  per  shovel  for  this  month  was  but  440 
cubic  yards. 

The  contractors  then  gave  up  this  section  and  the  work  has  l)een 
recently  awarded  to  F.  C.  Weir  of  Cincinnati. 

The  plant  now  stored  ou  this  section  by  Ricker,  Lee  &  Co.,  consists 
of  one  "  A  "  frame  and  two  Bucyrus  steam  shovels,  one  Otis  steam-shovel, 
four  large  locomotives,  three  miles  of  standard-gauge  track  and  thirty 
Thatcher  air  dump  cars.  These  cars  are  11  feet  9  inches  long,  8  feet  3 
inches  wide  and  2  feet  6  inches  deep,  holding  9  cubic  yards,  struck  meas- 
ure. They  w^eigh  about  17,600  pounds  and  are  designed  for  a  40,000 
pounds  caj)acity. 

SF.CTION  "g."— GAHAN    i.V  BYRNE,  CONTRACTORS. 

The  material  in  this  section  consists  of  loam,  soft  and  hard  clay 
and  some  hardpan   in   the  west  third.     A  wheelscraper  force  removed 


Figs.  6  and  7  omitted. 


Fig.  s. 
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General  Force. 
1  Coal-passer,  1  Coal-cart  and  Driver. 

To  remove  the  lower  lift,  a  steam-shovel  and  incline  plant  is  now 
being  installed.  This  plant  will  follow  the  Belt.  The  next  view,  Fig. 
11,  shown,  is  a  general  plan  of  this  method.  The  shovel  works  cross- 
wise and  loads  the  alternating  cars  carried  by  the  incline.  This  method 
and  incline  were  designed  by  j\[r.  J.  W.  Page,  the  contractor's  engineer. 
A  few  of  the  advantages  of  this  method  may  be  mentioned.  As  the  in- 
cline travels  the  full  length  of  the  section  but  once,  only  two  miles  of 
track-laying  is  necessary.  The  engine-man,  being  placed  in  the  power- 
car  ahead  of  the  incline,  and  near  the  top  of  the  slope,  is  enabled  to  see 
the  cars  in  the  pit  and  on  the  tipple.  The  next  view,  Fig.  12,  shows  the  de- 
tailed plan  of  the  incline.  This  structure  weighs  54,000  pounds.  The  car, 
w'hen  loaded,  w^eighs  15,000  pounds.  The  strains  were  carefully  com- 
puted and  checked.  A  new  feature  is  the  double,  large  and  small  coun- 
ter-balance for  the  tipple.  This  arrangement  insures  rapid  tipping, 
without  heavy  shocks. 

SECTION  "  H." — GAHAN  >t  BYRNE,  CONTK ACTORS. 

The  material  in  this  section  is  similar  to  that  in  section  "  G,"  with 
less  hardpan.  A  lai'ge  wheelscraper  force  removed  the  upper  four  feet 
during  1894.  During  last  November  a  Barnhart  steam-shovel,  loading 
Peteler  cars,  drawn  by  horses,  was  installed  in  the  triangular  west  end 
of  the  section.  Where  the  full  width  of  Sanitary  District's  right  of 
way  is  not  interfered  with  by  that  of  the  Santa  Fe  Railway,  a  pit  was 
excavated  by  wheelscrapers,  during  July,  for  the  Hoover-Mason  con- 
veyor. The  strike  of  last  summer  seriously  retarded  the  delivery  of 
material  for  this  machine.  However,  by  September  25th,  this  machine 
began  removing  material,  using  one  plow  and  thirty-four  shovelers. 
The  wheelscraper  pit  was  11  feet  deep,  and  this  method  was  adopted  in 
lowering  the  pit  to  grade.  By  October  15th  the  conveyor  pans  and 
carrying  track  were  extended  and  lowered  to  the  bottom  of  this  pit. 
Some  time  was  then  consumed  in  properly  shaping  the  pit  and  adjusting 
the  manner  of  hitching  the  plowline  to  the  plow  in  its  various  vertical 
positions.  The  next  view,  Fig.  13,  illustrates  the  general  plan.  It  rep- 
resents the  size  of  the  structure  and  the  manner  of  supporting  the  track, 
which  carries  the  continuous  steel  pan  conveyor  over  1300  feet  in 
length.  The  pans  are  4x  4  feet,  hinged  on  2-inch  axles  with  12-iuch 
wheels.  The  ends  of  the  axles  have  l-inch  holes  filled  with  dope,  under 
the  pressure  of  brass  coil  springs.  This  makes  the  conveyor  self-lubri- 
cating for  a  period  of  one  week.  The  axles  are  connected  by  two  eye-bars, 
tested  to  stand  a  strain  of  40,000  pounds.     The  speed  of  the  conveyor  is 
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120  feet  per  minute,  and  weighs  125  pounds  per  linear  foot.  Tlie  power, 
from  a  double  14x17  inch  engine,  is  transmitted  by  a  double  manilla 
rope  drive  to  the  gearing  at  the  ends.     Two  boilers,  of  150  horse-power  I 

capacity,  carried  on  a  separate  car,  supply  the  steam  for  the  plow  and 
conveyor  engines.  This  part  of  the  machine  operated  with  remarkable 
smoothness,  due  to  the  perfect  design  and  construction  of  its  parts. 
However,  an  unfortunate  accident  occurred  November  8th.     The  cross  I 

timbers,  which  support  the  track  and  conveyor,  were  rip-sawed  to  allow  i 

the  diagonal  wind  braces  to  pass  by  them.  The  timber  over  the  car 
carrying  the  long  arm  was  found  to  be  defective.     Until  it  could  be  ' 

replaced  a  jack  was  put  under  the  middle  of  it.  While  moving  up  the 
machine  the  jack  became  loosened  and  fell.  The  pans,  being  loaded 
heavily  at  the  time,  suddenly  broke  this  timber  in  two. 

The  sagging  conveyor  and  its  load,  the  span  being  doubled,  broke 
the  next  timber.  This  performance  was  repeated  and  the  next  timber 
was  broken.  In  the  meantime,  the  wind  braces  were  carried  away,  and 
when  the  falling  conveyor  struck  the  lower  struts,  the  stability  of  the 
truss  was  destroyed.  The  north  arm  then  collapsed.  Arrangements 
were  immediately  made  to  repair  the  damage.  Just  as  the  repairs  had 
been  made  the  seventy-mile  an  hour  hurricane  of  January  21st  came, 
striking  the  machine  broadsides.  Although  the  car  wheels  were  blocked 
with  4-inch  chocks,  the  machine  started  to  move  before  the  foreman  in 
charge  realized  the  violence  of  the  gale.  As  the  machine  stood  over  a  pit 
with  its  almost  vertical  face  against  the  wind,  a  sufficient  upward  pressure 
must  have  been  exerted  to  reduce  the  holding  friction  of  the  blocking. 

The  machine  ran  off  of  its  tracks,  the  heavy  steel  cars  were  buried  in 
the  ground,  tripping  the  points  of  support  and  thus  toppling  over  the 
whole  structure.  The  main  truss  landed  on  its  side,  sustaining  very 
little  damage,  while  the  two  arms  were  hopelessly  wrecked.  The 
machine  is  to  be  rebuilt  with  but  one  arm,  and  will  take  out  the  lower 
half  of  the  section.  While  being  rebuilt,  an  incline  similar  to  the  one 
described  on  Section  "  G"  will  remove  the  upper  half.  This,  popularly- 
called  "  cantilever  conveyor,"  attracted  unusual  attention,  owing  to  the 
boldness  and  magnitude  of  design.  This,  with  the  careful  working  out  of 
original  ideas,  the  exceptional  ability  displayed  in  its  construction,  make 
the  accidents,  occurring  before  the  economic  efficiency  could  be  deter- 
mined, more  than  unfortunate.  Messrs.  Gahan  and  Byrne  fully  deserve 
the  high  esteem  of  the  engineering  profession,  by  risking  their  time, 
money,  and  reputation,  while  encouraging  such  efforts  of  its  members. 
The  next  view.  Fig.  14,  shows  a  cross-section  of  the  pit  and  the  man- 
ner of  loading  the  conveyor  with  plows.  It  also  shows  an  elevation 
and  plan  of  the  double-ended  ])low  used.  The  use  of  four  small  plows 
was    first   contemplated,  but    u|)    to    the    time    of   the    accident,  only 
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one  was  operated.  This  plow  cuts  a  furrow  7  inches  by  20  inches  and 
200  feet  long  in  one  minute,  or  4,321  cubic  yards  in  ten  hours.  Allowing 
for  reversals,  changing  of  hitch  and  minor  delays,  the  efficiency  of  one 
plow  can  be  safely  assumed  to  be  3,000  cubic  yards  per  day.  The  power 
from  a  10  X  12-inch  engine,  applied  to  the  plow  line  is  10,000  pounds. 
As  the  plow  works  down  the  face  of  the  pit,  the  pulling  line  is  gradually 
moved  parallel  to  itself  and  toward  the  conveyor.  The  plow  line 
closely  approaches  a  catenary  curve,  and  the  sheaves,  through  which  it 
runs,  are  lowered  as  the  plow  descends.  The  points  of  the  plow  are 
slightly  turned  both  downward  and  towards  the  face  of  the  cut,  giving 
a  bite  in  two  directions.  The  four  adjustable  shoes,  shown  in  plans, 
counteract  this  tendency  sufficiently  to  keep  the  plow  steady.  The  hitch 
on  the  plow  beam  is  adjustable,  and  is  made  by  a  half-hitch  in  a  chain. 
This  movable  hitch  is  necessary  owing  to  the  change  of  direction  of  the 
pull.  The  next  view,  Fig.  15,  is  a  plan  of  the  pit  and  shows 
the  movement  of  the  plow  line  and  sheaves.  The  next  view,  Fig.  16, 
shows  the  strain  sheets.  The  next  two  views,  photos  Figs.  17  and  18, 
show  the  conveyor  as  built. 

CONCLUSION. 

In  conclusion  allow  me  to  thank  Professors  Hatch,  Stine,  and 
Snow,  representing  the  Armour  Institute,  for  their  generous  kindness  in 
preparing  the  numerous  slides,  exhibited  to-night  by  means  of  an  electric 
lantern,  especially  installed  for  this  occasion. 
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SHOULD  Ol  R  PATEXT  LAWS  BE  ABOLISHED  OR 
MODIFIED  ? 


By  John  Richards,  Member  of  the  Technical  Society  of  the  Pacific 

Coast. 


[Read  July  6,  1894.*] 

The  problem  of  persoaal  property  in  inventions,  whicli  is  in  a 
sense  included  in  the  question  presented  for  this  evening,  has  been  the 
subject  of  profound  investigation  for  more  than  a  century  past,  and  the 
rightfulness  of  such  property  has  been  defended  by  statesmen  and  jurists 
of  all  countries,  so  that  a  discussion  of  the  expediency  of  abolishing 
the  Patent  Laws  is  not  likely  to  do  much  good,  but  rather  to  be  a 
waste  of  time  and  effort. 

Patent  laws  exist  in  all  civilized  countries,  Holland  excepted,  and 
countries  that  have  abrogated  their  patent  laws  have  again  instituted 
them.  Among  these  is  Switzerland,  where  we  have  reason  to  believe 
that  legislation  and  national  economy  have  their  highest  development  at 
this  day.  Besides,  the  tendencies  of  our  time  do  not  point  in  the  direc- 
tion of  restricting  monopoly,  but,  on  the  contrary,  to  its  extension  in 
various  forms.  This  is  true  of  nearly  all  civilized  countries,  and 
especially  of  the  United  States,  where  not  only  the  powers  of  legislation 
but  their  construction  is  warped  to  promote  private  interests  in  a 
greater  degree  than  at  any  previous  time.  Competition  and  free  com- 
merce are  hampered  in  a  hundred  ways,  and  among  all  the  privileges 
permitted  or  promoted  by  law,  none  are  so  harmless,  or  have  so  much  to 
claim  in  the  way  of  equity,  as  the  questionable  monopoly  permitted  to 
inventors  who  obtain  patents. 

In  the  case  of  most  of  the  patents  granted  on  mechanical  inventions 
the  object  is  to  prevent  imitation  and  protect  manufacturers,  and  the 
amount  added  to  the  selling  price  of  commodities  by  reason  of  such 
patents  is  commonly  very  little  and  sometimes  nothing,  but  there  are 
other  privileges,  granted  without  the  qualifying  conditions  that  attach 
to  patents  on  inventions,  that  raise  the  price  of  commodities  in  some 
cases  a  hundred  per  cent.,  and  in  many  cases  fifty  per  cent.,  such  grants 
or  privileges  being  absolute,  and  not  even  binding  the  beneficiary  to 
turn  over  to  the  public  at  the  end  of  seventeen  years  a  consideration 
presumably  equal  to  the  privilege  received. 

The  natural  right  of  a  person  to  exclusive  use  of  what  he  may  have 
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discovered  or  invented,  or,  iu  legal  terms,  the  property  in  invention, 
cannot  be  questioned  upon  any  other  grounds  than  the  abridgment  of 
some  right  of  other  persons  or  of  the  public,  and  such  abridgment  could 
be  proven  only  by  one  of  two  facts:  that  the  invention  or  discovery  was 
not  new  and  original,  and  that  the  public  could  by  other  means  have 
acquired  the  same  advantage  sooner  and  on  better  terms. 

A  patent  is  in  its  nature  a  contract  between  an  inventor  and  the 
public,  in  which  it  is  stipulated  that  if  the  patentee  will  file  in  the 
archives  of  the  Government  a  complete  description  of  his  invention  with 
drawings  that  will  enable  others  to  understand,  make  and  use  his 
invention  at  the  end  of  seventeen  years,  he  shall  for  that  length  of  time 
enjoy  a  monopoly  and  exclusive  use  of  his  dir^covery. 

This  grant  is  not  absolute,  but  is  conditional  on  the  invention 
being  new,  and  that  it  does  not  interfere  with  rights  and  privileges 
already  existing.  It  is  also  qualified  by  other  conditions,  such  as  the 
perspicuity  of  the  description  and  its  completeness,  also  the  language 
employed  in  defining  the  scope  of  the  patent,  so  that,  on  the  whole, 
letters  patent  in  this  country  seem  in  comparison  a  tame  kind  of 
monopoly,  and  indeed  is  only  a  reasonable  bargain  with  the  principal 
stipulations  against  the  patentee,  who  must  maintain  at  his  own  expense, 
and  risk  all  the  conditions  imposed  upon  him  by  the  grant. 

These  remarks  upon  the  nature  of  patents  for  inventions  are  neces- 
sary in  order  to  properly  consider  the  practical  working  and  the  abuses 
of  our  patent  system,  to  which  the  question  of  this  evening  seems  to  be 
directed. 

The  extent  of  the  influence  of  patents  on  our  industrial  interests 
in  this  country  is  not  known,  or  suspected  even,  nor  is  the  methods  of 
that  influence  very  well  understood.  There  are  very  few  manufactures 
started  at  this  day  that  are  not  founded  on  some  kind  of  protection.  This 
may  be  by  large  aggregations  of  capital,  and  an  organization  that  per- 
mits cheap  production  ;  by  combinations  of  a  number  of  manufacturers 
to  control  prices ;  by  secret  processes  and  special  skill  acquired  through- 
out generations,  and  by  patented  rights  that  secure  to  the  manufacturer 
the  exclusive  use  of  certain  implements,  processes  or  products;  also  by  a 
combination  of  two  or  more  of  these  means,  often  all  of  them,  in  the 
case  of  extensive  manufactures.  Among  these  means  of  founding  and 
protecting  manufactures  only  two  are  open  to  a  poor  man,  or  a  small 
manufacturer,  the  secrecy  of  processes  and  patents,  as  before  said,  and 
in  these  rest  the  greater  share  of  new  ventures  in  the  skilled  industry  of 
our  country. 

It  seems  a  strange  proposition  to  oppose  monopoly  with  monopoly, 
but  in  this  case  it  is  done.  It  is  almost  the  only  means  left  to  a  people 
struggling  against  vast  aggregations  of  capital  and  resources  that  are 
dragging  us  each  year  nearer  to  socialism. 
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If,  in  this  city,  one  of  our  large  iron  works  had  free  use  and  contro- 
of  all  the  inventions  in  that  branch  of  mechanic  art,  there  would  soon 
be  but  that  one  works  here,  and  the  owners  would  paternally  care  for  all 
the  people  employed  or  connected  with  that  industry.  It  would  be  the 
same  thing  if  extended  to  other  interests,  and  the  division  of  industry 
would  cease  in  the  various  branches  now  carried  on.  Opposed  to  this 
concentration  is  our  patent  system.  It  stands  almost  alone,  but  its  power 
is  great,  and  with  intelligent  and  honest  administration  of  our  laws  it 
insures  in  some  degree  a  division  of  our  manufactures,  and  permits  peo- 
ple without  large  ca[)ital  to  carry  on  business.  Whether  it  is  desirable 
to  narrow  individual  enterprise,  and  concentrate  our  industries  in  large 
combinations,  is  another  phase  of  the  subject  that  cannot  be  discussed 
here. 

The  agency  of  patented  inventions  in  developing  and  improving 
processes  and  products  is  the  argument  commonly  set  forth  in  support 
of  a  patent  system.  Whatever  this  influence  may  be  it  is  of  less  import- 
ance than  the  one  just  mentioned.  The  "  nature  "  of  what  we  call  pro- 
gress at  this  day  is  much  less  important  than  the  "  manner  "  of  it  and 
the  social  effects  resulting  therefrom,  hence  this  point  may  also  be  passed 
over  here. 

Reverting  now  to  the  modification  of  our  patent  laws,  there  are  sev- 
eral serious  impediments  to  reform.  There  is  first  the  difficulty  of  secur- 
ing the  required  attention  and  service  in  Congress  to  this  or  any  other 
matter  of  national  concern.  There  is  no  one  to  promote  new  measures 
of  the  kind.  The  country  at  large  has  no  Representatives  or  Senators 
in  Congress.  These  all  represent  the  interests  of  their  especial  districts, 
states  and  constituents,  also  themselves,  and  there  is  no  direct  incentive 
to  inspire  legislative  effort  on  behalf  of  Federal  laws  of  general  and 
equal  application. 

The  Patent  Bureau  at  this  time  has  not  more  than  one-half  the 
office  room  required,  but  has  a  credit  of  between  three  and  four  millions 
of  dollars  in  the  patent  fund,  a  surplus  of  fees  paid  iu  by  inventors,  and 
so  long  as  a  requirement  so  obvious  cannot  engage  the  attention  of  Con- 
gress there  is  little  hope  of  amendment  of  the  patent  laws.  Other  kinds 
of  grants  and  monopoly  require  all  its  time  and  energies. 

Within  twelve  days  past  a  duty  of  $2.07  per  thousand  has  been 
assessed  on  blasting  caps,  a  little  more  than  the  worth  and  price  of  the 
caps.  There  are  two  makers  of  such  caps  in  this  country.  They  have 
received  a  patent  without  promise  of  turning  over  their  processes  and 
inventions  to  the  public  at  the  end  of  a  term,  and  have  the  farther 
advantage  that  the  Government  in  effect  collects  the  royalty  from  the 
miners  and  turns  it  over  to  these  two  makers  of  blasting  caps.  This  is 
mentioned  as  the  kind  of  patents  that  Congress  is  just  now  engaged  upon. 
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Another  impeditiient  is  the  want  of  understanding  the  nature  of 
letters  patent  for  inventions  as  a  part  of  the  National  economy.  The 
subject  has  engaged  the  attention  of  the  most  eminent  men  in  all  coun- 
tries where  patent  laws  exist,  and  one  has  only  to  look  over  some  legal 
decisions  to  see  the  great  complexity  of  the  subject.  It  is  one  that  must 
be  viewed  in  the  concrete,  and  is  so  mixed  up  with  industrial  and  com- 
mercial affairs  of  the  country  that  not  one  congressman  in  fifty  could 
vote  intelligently  upon  a  modification  of  the  laws,  much  less  draft  and 
promote  new  measures. 

Mechanics  and  engineers  do  not  often  go  to  Congress,  and  happily 
are  not  often  concerned  in  what  we  call  politics.  The  late  President  of 
the  French  Republic  is  almost  the  only  engineer  that  has  ventured  into 
national  administration.  Col.  Turretini,  Mayor  of  Geneva,  and  the 
pre.*ent  Mayor  of  San  Francisco,  are  the  only  others  that  can  be  called 
to  mind,  and  there  is  little  wonder  at  the  difficulty  of  dealing  with 
patent  laws  in  the  popular  legislature. 

These  remarks  indicate  the  temerity  with  which  suggestions  should 
be  entered  upon  here,  but  the  present  remarks  would  be  incomplete  with- 
out some  criticism  of  the  existing  laAV.  Our  patent  system,  while  it  has 
many  excellent  features  compared  with  thatof  other  countries,  is  anoma- 
lous in  respect  to  what  is  called  the  examination  of  applications  for 
letters  patent.  There  is  examination,  as  the  term  applies,  and  to  this 
there  can  be  no  objection.  On  the  contrary,  it  is  a  great  aid  to  the 
inventor  and  his  attorney,  saving  searches  that  would  be  expensive,  and 
even  impossible,  with  the  usual  resources  at  hand,  but  the  functions  of 
the  examining  officers  do  not  stop  with  their  search.  They  do  not,  as  an 
engineer,  lawyer  or  other  professional  man  would  do,  endorse  the  facts 
and  their  opinion  on  the  application,  or  enter  these  upon  the  record,  but 
are  obliged  to  exercise  judicial  functions,  and  decide  the  case  on  their 
own  evidence  ;  that  is, "  reject  "  the  application  if  in  their  opinion  the 
alleged  invention  is  not  new.  Such  a  perfunctory  duty  must  be  as  dis- 
agreeable to  the  examiners  as  it  is  illogical  and  unjust  to  an  inventor, 
because  it  assumes  the  power  of  destroying  a  patent  with  no  correspond- 
ing power  of  confirming  it.  This  is  left  for  the  inventor  to  do  after  the 
patent  is  granted,  and,  no  doubt,  should  be,  but  on  what  grounds  should 
a  primary  examiner  reject  a  patent  when  he  has  no  power  to  confirm  it? 

It  is  placing  on  him  perfunctory  duties  that  implies  his  want  of 
ability  to  arrive  at  and  record  a  professional  opinion  ;  puts  him  in  the 
position  professionally  of  a  routine  clerk,  and  ofticially  in  the  position 
of  a  judge. 

If  the  examiner's  views  were  endorsed  on  the  record,  and  the  appli- 
cant had  the  right  to  appeal  or  call  for  further  opinions  of  higher  offi- 
cers up  to  the  Commissioner,  the  procedure  would  be  logical  and  just 
46 
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Patents  would  then  be  issued  with  a  full  record,  and  at  the  applicant's 
risk,  as  is  done  in  most  other  countries,  where  repeated  and  invalid 
patents  are  less  often  granted  than  they  are  here.  As  it  is  now,  a  patent 
when  issued  bears  no  record  of  the  office  procedure,  but  no  one  thinks 
of  purchasing  a  patent  without  sending  for  a  transcript  or  what  is  called 
a  "  copy  of  the  file,"  in  the  case.  This  should  be  printed  with  the 
patent  at  its  issue,  so  that  anyone  concerned  in  the  matter  would  have 
the  whole  record  before  them. 

There  are  many  other  reasons  against  rejections  or  the  judicial  func- 
tions of  examining  officers,  that  are  engaging  an  increasing  amount  of 
attention  in  this  country,  and  will  no  doubt  in  the  end  lead  to  some 
change  beneficial  alike  to  the  Bureau  and  to  inventors. 

Time  will  not  permit  a  notice  of  some  other  points  that  could  be 
profitably  presented  before  the  Society  at  this  meeting,  and  but  one  other 
will  be  named, — respecting  trade  marks.  The  present  law  on  this  sub- 
ject seems  to  be  founded  on  the  assumption  that  a  trade-mark,  registered 
in  the  Patent  Office,  is  an  attribute  of  the  goods  to  which  it  is  applied, 
and  not  a  personal  matter  relating  to  the  firm  or  company  that  applies 
for  registry.  The  applicant  is  called  upon  to  define  particularly  the  class 
of  goods  and  also  the  articles  in  that  class,  to  which  the  trade  mark  is  to 
be  applied. 

Asa  matter  of  fact,  obvious  to  any  one,  a  trade-mark  is  a  short  way 
of  endorsing  the  name  of  a  firm  or  business  on  goods  without  using  per- 
sonal names,  that  may  be  changed,  and  in  this  sense  has  no  particular 
relation  to  the  articles  on  which  it  is  marked  or  stamped.  The  purpose 
is  to  set  fortli  that  a  particular  person  or  firm  produced  the  goods,  and 
the  laws  of  registry  should  certainly  be  based  on  that  fact  and  not  on  the 
assumption  that  the  trade-mark  is  an  attribute  of  the  goods  themselves. 

Having  consumed  the  allotted  time,  and  perhaps  more  than  was  in- 
tended, there  is  but  one  thing  more  to  add,  that  is,  some  mention  of  the 
honest  and  faithful  administration  of  the  Patent  Bureau.  It  ranks  first 
and  stands  with  the  Coast  Survey  Office  and  Army  Engineer  Corps,  in 
this  respect.  Thirty -five  years  of  continuous  intercourse  in  oneway  or 
another  with  the  United  States  Patent  Office  has  not,  but  in  two  instances, 
brought  to  knowledge  the  least  charge  of  misconduct  in  that  Bureau,  and 
in  both  these  cases  the  charges  were  confined  to  the  chief  officer. 

Our  patent  system  may  have  faults,  and  naturally  falls  under  sus- 
picion sometimes,  by  those  not  acquainted  with  its  organization  and  his- 
tory, but  such  suspicious  are  groundless,  in  so  far  as  the  long  experience 
before  named  has  disclosed. 

It  is  respectfully  submitted  that  any  abrogation  of  the  patent  law 
is  not  only  inexpedient  but  impossible.  That  patent  grants  for  invention 
are  equitable  and  the  least  harmful  among  many  privileges  conferred  by 
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Federal  laws,  and  that  the  abuse  of  patent  privileges  is  less  than  in  the 
case  of  other  laws  creating  privilege  and  inequality  ;  also  that  their  im- 
provement is  both  possible  and  probable  when  Congress  can  be  forced  to 
give  some  attention  to  National  affiiirs. 


DISCUSSION. 


Mr.  Carsow. — I  would  like  to  ask  how  it  is  that  some  people  get 
information  of  patents  in  the  Patent  Office  before  those  patents  are 
granted  ?  In  Cincinnati,  an  association  called,  I  think,  the  American 
Patent  Association,  sends  out  letters  to  different  parties  advising  them  in 
regard  to  the  status  of  their  applications. 

Mr.  A.  B.  Bowers. — I  think  this  information  can  be  obtained  only 
through  the  attorneys  employed  to  present  the  case  to  the  Patent  Office, 
not  through  the  Patent  Office  or  any  one  connected  with  it. 

Q.  Is  an  application  on  file  open  to  public  inspection  ?  For  in- 
stance, would  an  application  for  a  patent  on  a  Broom  machine  be  on  file 
under  that  heading? 

A.  Any  person  briugiug  a  power-of-attorney  from  an  inventor 
can  examine  the  application.  No  other  person  can  see  it  except  the 
examiner. 

When  an  application  is  made  for  a  patent,  the  examiner  imme- 
diately compares  it  with  all  of  the  patents  issued  on  the  same  subject  in 
the  United  States,  Great  Britain.  France  and  Germany,  and,  in  cases 
where  the  inventor  makes  broad  claims,  the  examination  extends  to  still 
other  countries,  and  in  some  instances  libraries  are  ransacked,  encyclo- 
pedias, dictionaries,  technical  journals,  common  newspapers,  and  the 
practice  of  those  engaged  in  the  business  to  which  the  invention  is  most 
nearly  allied. 

Claims  for  patents  are  examined  very  carefully,  aud  any  claim  that 
the  examiner  thinks  will  be  rejected  by  the  courts,  if  a  contest  should 
arise,  is  rejected  in  the  Patent  Office.  If  the  applicant  is  not  satisfied 
with  the  examination,  he  can  appeal  to  a  Board  of  Examiners  who  have 
the  power  to  review  the  action  of  the  Chief  Examiner  in  charge  of  the 
application.  If  the  applicant  is  dissatisfied  with  the  decision  of  the 
Board  of  Examiners,  he  can  theu  appeal  to  the  Commissioner  of  Patents. 
He  has  two  appeals.  In  some  cases  the  Board  of  Examiners  reverse  the 
decision  of  the  Examiner,  and  sometimes  they  affirm  it.  Decisions  are 
sometimes  reversed  by  the  Commissioner.  But  the  Examiners,  in  the 
several  divisions,  are  men  who  have  had  a  great  many  years'  experience 
in  the  matter,  and  are  well  posted  in  the  particular  branches  they  are 
engaged  in.     It  is  very  seldom  that  the  decision  of  the  Chief  Examiner 
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in  any  department  is  overruled  by  either  the  Board  of  Examiners  or  the 
Commissioner,  althougli  it  is  sometimes  the  ease  when  good  reasons  can 
be  presented. 

Usually  a  claim  for  an  application  consists  of  a  good  many  claims. 
Whenever  a  claim  is  finally  rejected  and  you  are  notified  that  an  appeal 
will  now  lie  to  the  Board  of  Examiners,  it  is  about  as  well  to  stop  there 
and  save  time  and  trouble,  unless  you  can  show  very  clearly  that  the 
Examiner-in-Chief  is  mistaken,  and  it  is  not  easy  to  do  that.  I  know  in 
the  department  where  I  have  had  applications,  that  when  I  got  a  final 
rejection  by  the  Chief  Examiner,  my  attorneys  have  told  me  that  it  was 
not  W'Orth  while  to  appeal  from  the  decision,  and  I  have  accepted  their 
advice. 

President  Grunsky, — One  of  the  principal  points  in  Mr.  Rich- 
ards' paper  seems  to  be  the  fact  that  many  of  our  manufacturing  estab- 
lishments rely  upon  the  protection  of  letters-patent  for  their  very  exist- 
ence and  conduct  of  business.  Any  information  on  that  subject,  I  think, 
Avould  be  of  interest.  It  is  somewhat  new  to  me.  I  was  surprised  to 
hear  so  broad  a  statement. 

Mr.  G.  W.  Dickie. — I  do  not  know  that  I  have  reached  the  stage 
when  I  would  say  that  patents  ought  to  be  a.bolished,  but  my  opinion  is 
a  decided  one  that  the  patent  laws  ought  to  be  modified  very  thoroughly. 

A  patent  is  granted  in  this  country  if  the  Examiner  can  find  no 
previous  patent  covering  the  subject.  The  examiners  are  not  qualified 
to  pass  upon  the  newness  of  the  subject;  they  are  not  qualified  to  pass 
upon  the  question  as  to  whether  it  is  an  invention  at  all  or  not,  but  the 
examination  has  simply  led  to  the  determination  whether  this  thing  has 
already  been  patented.  Therein,  Ithink,  lies  the  difficulty  with  patents. 
There  are  so  many  people  who  obtain  patents  for  things  that  are  not 
new,  and  that  are  not  inventions;  in  fact,  a  very  large  majority  of  them 
are  in  common  use  every  day  ;  and  there  is  no  manufacturer  of  mechani- 
cal articles  but  is  subject  to  a  great  deal  of  annoyance  and  trouble  and 
hindrance  in  his  work  throngh  the  interference  of  these  patents  of  things 
that  are  not  inventions  at  all.  This  morning  I  got  an  injunction  saying 
that  I  must  not  make  any  more  piles  of  square  timber  with  a  sheathing 
of  redwood,  with  felt  between  the  redwood  and  the  timber,  because  it  had 
been  patented;  patent  dated  January  1,1889.  I  told  the  party  that  we 
had  been  making  these  piles  since  1883.  He  said,  that  made  no  differ- 
ence ;  that  we  could  not  use  them  any  more,  or  make  them  any  more.  I 
told  this  party  that  his  patent  was  not  a  new  thing  ;  we  did  not  consider 
it  new  when  we  used  it ;  it  was  an  old  thing  and  quite  familiar  to  all  of 
us.     He  said,  "  You  have  no  patent  for  it,  and  therefore  you  can't  make 
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it."  It  is  this  ignorance  on  the  part  of  inventors  that  gives  the  most 
trouble.  We  are  continually  beset  with  that  kind  of  thing.  Sometimes, 
rather  than  go  to  the  expense  of  a  lawsuit,  we  will  pay  something  to  get 
rid  of  the  interference. 

Then  there  is  another  class  of  patents  that  are  granted  for  things 
that  are  in  common  use,  and  which  affect  patents  already  granted.  This 
kind  of  patents  are  a  gross  injustice  to  all  those  engaged  in  mechanical 
manufacture.  As  some  of  you  know,  several  years  ago  I  designed  a 
hydraulic  dock  for  the  Union  Iron  Works.  There  were  a  great  many 
things  about  it  that  were  practically  new  in  dock  construction  ;  and,  in 
fact,  I  may  say  here  that  every  day,  in  a  large  engineering  establish- 
ment, there  is  more  real  invention  in  regard  to  details  of  work  than  you 
will  find  for  a  month  in  the  whole  range  of  patents.  In  designing  this 
dock  I  did  not  protect  any  of  the  new  things  I  introduced  in  it.  Some 
three  years  ago  the  Government  engineers  wanted  to  adopt  my  princi- 
ples at  the  Cascades,  and  they  came  around  and  asked  me  if  I  would  not 
make  drawings  for  this  slip.  I  had  some  drawings  made  for  them  simply 
as  a  matter  of  courtesy,  which  they  very  nicely  acknowledged  in  the 
Government  report.  The  draughtsman,  while  making  the  drawings, 
thought  that  in  manipulating  the  valve  it  would  be  better  to  have  the 
screw  move  through  the  nut  instead  of  the  nut  through  the  screw.  I 
had  no  objection,  and  [thought  in  some  cases  it  might  be  better.  Some 
two  or  three  months  after  that  I  saw  the  publication  of  a  patent  that 
this  man  had  taken  out,  as  applied  to  hydraulic  docks. 

These  things  are  very  aggravating.  He  gets  his  patent  because  it 
had  never  been  patented  before.  If  the  dock  years  ago  had  been  pat- 
ented, he  could  not  have  got  the  patent.  And  this  kind  of  thing  goes 
on  every  day,  and  those  who  have  to  bear  it  get  very  much  irritated  over 
the  patent  question. 

I  am  against  patents  for  the  reasons  I  have  stated.  I  took  out  a 
good  many  patents  years  ago,  but  I  came  to  see  the  error  of  my  ways  in 
that  respect  and  have  given  it  up. 

If  there  could  be  some  way  by  which  real  inventions  and  real  inven- 
tors could  be  rewarded  without  the  manufacturing  community  being 
saddled  with  so  much  of  this  patent  business,  I  think  it  would  be  a  grand 
thing  and  a  move  in  the  right  direction.  If  it  were  possible  to  have  some 
kind  of  commission,  composed  of  mechanics,  to  whom  inventors  could 
submit  their  inventions  and  let  them  decide  whether  the  inventions  were 
new,  not  whether  they  are  patentable,  it  w'ould  be  much  more  practical. 
There  is  all  sorts  of  maneuvering  and  tricks  to  find  something  that  is 
patentable,  and  therein  lies  all  our  trouble.  It  is  not  a  fact  that  engi- 
neers are  opposed  to  the  rewarding  of  inventors  fur  real  inventions,  but 
it  is  the  multitude  of  tricks  they  are  opposed  to.     A  great  many  of  the 
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so-called  inventions  are  backed  u])by  an  appalling  amount  of  ignorance. 
Probably  more  patents  have  been  taken  out  on  steamship  propellers  than 
any  other  device.  Many  of  these  propeller-patents  are  taken  out  by 
farmers.  You  see  an  old  hayseed  coming  along  with  a  roll  under  his 
arm,  and  he  has  a  new  propeller  sure  as  fate.  I  know  them  by  instinct. 
I  practically  indorse  all  that  Mr.  Richards  has  said,  but  he  does  not 
touch  the  question  as  it  touches  the  manufacturer.  I  do  not  think  Mr. 
Richards  is  right  when  he  makes  the  statement  that  most  of  the  large 
manufacturing  establishments  are  based  on  patents.  I  think  most  of  the 
engineering  concerns  in  the  world  are  those  that  you  never  find  men- 
tioned in  connection  with  patents. 

President  Grunsky. — I  understood  Mr.  Richards'  paper  to  state 
the  reverse  ;  that  it  was  the  smaller  institutions  that  owe  their  existence 
to  patents,  and  the  larger  manufacturing  establishments  are  less  depend- 
ent upon  patents. 

Mr.  Dickie. — That  may  be  the  sense  of  the  paper.  There  is  no 
doubt  but  a  very  large  number  of  small  manufacturing  establishments 
are  founded  on  patents,  and  some  of  them  are  founded  on  inventions  of 
great  utility,  and  they  deserve  all  they  get  out  of  them.  But  these  are 
but  a  drop  in  the  bucket  compared  with  the  deluge  of  useless  patents  that 
are  not  inventions. 

I  would  like  to  make  this  distinction  understood.  What  I  am 
opposed  to  are  patents,  not  inventions.  I  have  talked  with  hundreds  of 
engineers  on  this  subject,  and  the  general  opinion  among  them  is,  that  if 
we  could  avoid  this  deluge  of  worthless  patents  and  reward  the  inventors 
of  useful  things,  then  the  Patent  Office  would  be  of  great  benefit  to  the 
mechanical  community. 

Mr.  Bowers. — I  agree  with  the  last  speaker  in  pretty  much  every- 
thing he  has  said.  There  has  been  an  innnense  number  of  worthless 
patents  issued  by  the  Patent  Office,  and  are  being  issued  every  <lay. 
There  are  a  host  of  people  who  watch  the  official  Gazette,  and  the  moment 
they  see  a  patent  for  an  invention  that  they  think  has  merit,  they  imme- 
diately start  in  to  devise  some  trifling  modification  and  takeout  a  patent 
for  that,  and,  in  making  their  application,  they  will  make  a  drawing  of 
the  full  invention.  After  having  secured  a  patent  for  that  little  detail, 
they  will  go  to  some  one  that  is  not  up  in  patent  matters  and  show  him 
the  drawings,  and  say  they  have  a  patent  for  that  invention,  and  nine 
people  out  of  ten  will  take  it  for  granted  that  the  patent  covers  the  inven- 
tion shown,  while  the  contrary  is  the  case.  The  drawings  shown  of  the 
patent  are  covered  by  the  prior  patent,  and  the  subsequent  patent  covers 
only  some  trifling  detail. 
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Then  there  are  persons  who  get  a  claim  on  useless  patents.  It  is 
astonishing  what  a  number  of  worthless  patents  are  sold,  and  the  amount 
of  money  that  is  made  by  people  who  are  not  inventors,  but  wlio  will 
devise  a  trifling  modification  of  an  invention  and  secure  a  patent  for  it. 

There  is  another  thing  I  wish  to  mention  which  I  think  ought  to  be 
incorporated  into  our  patent  laws,  or  into  the  practice  of  the  office.  A 
person  will  see  a  patent  that  covers  a  good  invention,  and  he  thinks  he 
can  make  some  small  improvement  on  it.  If  the  patent  is  a  new  inven- 
tion, and  has  a  broad  claim  covering  all  mechanical  equivalents — or  so 
broad  that  the  art  or  the  matter  covering  the  patent  cannot  be  practiced 
without  violating  the  patent — a  person  may  design  some  little  device  dif- 
fering slightly  from  the  original  and  claim  that  it  is  an  improvement  on 
the  original,  and  the  Patent  Office  gives  him  a  patent  for  this  improve- 
ment. Now  then,  that  improvement  is  subject  to  the  original  invention, 
it  is  covered  by  the  original  patent  in  this  sense  ;  that  it  is  an  infringe- 
ment on  the  original  patent.  While  it  may  be  a  good  improvement,  and 
the  patent  may  be  valid,  still  it  cannot  be  used  by  the  person  making 
the  improvement,  because  it  is  covered  by  the  broad  claims  of  the  origi- 
nal invention.  Now,  in  all  such  cases  as  that,  a  patent  should  be  granted 
to  the  inventor,  and  he  should  be  allowed  to  use  it.  As  the  law  now  is, 
he  has  no  right  to  use  it  himself,  because  it  is  subordinate  to  the  original 
invention.  A  great  many  people  think  that  if  they  take  out  a  patent 
for  anything,  then  they  have  the  right  to  use  it.  This  is  not  the  case 
with  the  cla^s  of  patents  I  have  just  mentioned,  and  they  will  not  have  a 
right  to  use  it  until  the  original  patent  runs  out. 

The  point  I  had  in  view  was  this :  That  in  all  cases  where  a  patent  is 
subordinate  to  a  prior  patent,  it  should  be  so  stated  in  the  patent  itself, 
so  that  parties  buying  the  invention  might  know  that  they  would  have 
to  also  buy  the  right  to  use  it.  There  are  a  great  many  of  such  patents 
issued,  and  they  are  sold  to  parties  who  think  they  have  a  right  to  use 
them,  and  who  honestly  and  in  good  faith  go  to  work  to  operate  under 
the  patents  and  then  find  them  subordinate  to  prior  patents.  All  this 
could  be  largely  avoided  by  stating  in  the  patent  itself  that  it  was  an 
improvement  on  another  patent,  subordinate  to  it  and  subject  to  the 
rights  of  the  owner  of  that  patent.  This  would  save  a  great  deal  of 
litigation,  and  it  would  save  thousands  of  innocent  parties  from  investing 
money  in  that  which  they  have  no  right  to  use  after  they  have  bought  it. 
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PRESS!  RT]    VXD  IMPUI^SE  IX  MOTIVE  EXGIXES. 


A  Ijook  Into  the  Future. 


By  John   Richards,  Mrmber  of  the  Technical  Society  ob^  the  Pacific 

Coast. 


[Read  January  4,    1895.*] 

When  a  man  of  discei'iiing  teudencies  has  spent  thirty  to  forty  years 
engaged  in  what  is  called  constructive  engineering  work,  in  an  advanced 
environment,  and  when  he  has  thus  learned  to  understand  contemporary 
practice,  he  is  in  position  to  render  the  highest  possible  service  to  the 
world  by  forecasting  the  future. 

To  do  this  to  the  best  advantage  he  must  withdraw  from  the  ac- 
tivities of  practice,  and  from  personal  interest  in  any  particular  thing  or 
branch,  and  must  impartially  survey  the  whole  field,  weighing,  measur- 
ing, and  comparing,  and  considering  what  the  trend  is  and  what  the 
future  will  probably  bring  forth. 

Such  prognostication  is  of  the  very  highest  value.  No  other  con- 
tribution to  the  world's  industry  can  have  more  value,  even  from  an  in- 
tensely practical  standpoint.  In  fact,  a  great  share  of  the  highest  human 
effort  is  devoted  to  prying  into  the  future,  and  in  endeavoring  to  find 
out  what  its  future  wants  will  be,  and  Avhat  is  likely  to  supply  these 
wants  most  acceptably.  This  prospective  spirit  is  the  essence,  so  to 
speak,  of  both  commerce  and  manufacturers. 

The  most  interesting  and  important  part  of  such  forecasting  relates 
to  physical  discovery  in  the  technical  arts,  and  notably  in  those  involv- 
ing the  employment  of  motive  power. 

These  remarks  are  suggested  by  a  letter  lately  received  from  Mr. 
Charles  Brown,  C.E.,  of  Basle,  Switzerland,  containing  some  forecasts 
in  respect  to  engineering  matters. 

Mr.  Brown  is  one  of  the  most  eminent  constructing  engineers  now 
living.  This  claim  has  authority  far  beyond  the  writer's  opinions,  but 
he  can  add  the  fact  that  for  twenty  years  past  he  has  watched  with 
interest  and  profit  every  work  and  opinion  emanating  from  this  distin- 
guished engineer.  After  a  successful  career,  extending  over  an  average 
lifetime,  employed  in  constructing  work  as  diversified  perhaps  as  has  ever 
fallen  to  the  lot  of  one  engineer,  brinsrino;  to  bear  thereon  a  remarkable 
natural  ability  coupled  with  education  and  training  of  the  highest  order, 

*Copy  received  April  25,  1895. — Secretary,  Ass'n.  of  En(j.  Socs. 
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he  has  now  turned  back  to  look  over  the  field  passed  through,  and  to 
draw  from  it  conclusions  that  deal  with  the  future. 

I  have  no  authority  to  introduce  Mr.  Brown's  name  here,  and  none 
to  quote  from  his  letter  mentioned,  but  it  seemed  necessary  in  the  present 
paper  to  shield  myself  behind  the  opinions  of  one  whose  views  are  en- 
titled to  much  more  weight  than  my  own. 

Some  of  jVTr.  Brown's  views,  as  I  gather  them  from  one  or  two 
paragraphs  in  his  last  letter,  and  hinted  at  in  previous  communications 
from  him,  may  be  stated  in  the  following  propositions : 

(1)  The  utilization  of  the  force  of  fluids,  elastic  and  inelastic,  will 
in  the  near  future  be  mainly  by  impulse  instead  of  pressure. 

(2)  The  impulse  of  fluids,  elastic  and  inelastic,  will  be  utilized  by 
means  of  rotary  motors. 

To  render  these  propositions  plainer,  and  to  connect  them  with 
familiar  practice,  I  will  remark  that  they  mean  that  steam  engines, 
pumps,  and  blowing  engines,  like  water-wheels  and  water  engines,  must 
abandon  pressure  upon  pistons,  and  substitute  the  action  of  impulse 
upon  wheels. 

This  does  not  mean  that  a  revolution  is  suddenly  to  take  place,  but 
that  the  future  tendency  is  to  be  in  the  direction,  or,  as  we  may  say,  is 
in  that  direction  now,  and  to  a  greater  degree  than  is  commonly  known 
or  supposed.  The  proposition  must  also  exclude  special  appliances, 
both  for  elastic  and  non-elastic  fluids,  and  be  confined  to  what  may  be 
called  common  pumps  and  motors. 

I  am  not  quoting  Mr.  Brown's  words,  or  paraphrasing  them,  but  am, 
to  some  extent,  guessing  at  his  opinions  by  inference. 

Before  speaking  of  the  subject  in  its  practical  aspect,  and  as  con- 
nected with  modern  engineering  practice,  some  generalization  may  ren- 
der it  more  clear. 

Machinery  to  utilize  the  gravity  of  water  in  descending  from  a 
higher  to  a  lower  level  ;  machinery  to  overcome  the  gravity  of  water  and 
raise  it  from  a  lower  to  a  higher  level ;  and  machinery  to  utilize  the 
expansive  force  of  water  converted  to  steam,  or,  in  other  words,  water- 
wheels,  steam  engines  and  pumping  machinery,  with  their  attendant 
elements,  constitute  a  large  share  of  what  a  mechanical  engiueer  is  called 
upon  to  study  and  deal  with  at  this  day,  and  it  is  to  these  the  proposi- 
tions before  named  relate.  I  will  not  detain  you  by  statistics  of  the 
amount  of  steam-  and  water-power  in  the  world,  or  its  relation  to  trans- 
portation, travel,  commerce,  manufactures  and  even  the  social  conditions 
of  our  times.     This  is  too  well  understood  to  call  for  remark. 

In  the  descent  of  water  we  have  the  choice  of  two  methods  for  utiliz- 
ing its  gravity — pressure  or  impulse.  The  first  represented  by  water- 
pressure  engines,  gravity  or  overshot  wheels,  and  pressure-turbine  wheels, 
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such  as  those  of  Fourueyron,  Jonval  and  tlie  American  types  of  inward 
discharge  wheels,  all  operating  by  pressure  caused  by  obstruction  to  flow, 
or,  as  we  may  say,  receiving  pressure  directly.  The  second,  or  impulse 
method,  represented  by  the  Atkins,  Girard  and  Pelton  wheels,  operating 
from  the  impingement  of  jets  set  in  motion  by  pressure,  or,  as  we  may 
say,  by  pressure  in  a  second  phase  of  spouting  velocity. 

The  action  of  water  in  the  case  of  enclosed  or  pressure-turbines  is  not, 
I  am  aware,  resolved  mathematically,  as  stated  above,  but  this  rendering 
is  near  enough  for  the  present  purpose,  which  is  to  show  how  the  two 
methods  of  pressure  and  impulse  have  in  water-wheel  practice  been  con- 
tending for  thirty-five  years  past,  dating  from  the  first  impulse-wheels 
made  by  Messrs.  Escher,  Wyss  &  Co.,  of  Zurich,  Switzerland,  about  the 
year  1860.     The  principal  facts  of  this  rivalry  will  be  again  referred  to. 

In  steam  engines  a  similar  struggle  has  begun  between  impulse  and 
pressure.  It  is  young  yet,  and  lacks  the  history  of  water  wheel  practice, 
but  the  future  problem  is  now  well  before  us  in  both  its  theoretical  and 
practical  aspects,  but  has  not  advanced  to  a  place  in  popular  knowledge 
that  permits  general  discussion. 

At  this  time  all  popular  ideas,  as  well  as  nearly  all  practice,  is  con- 
fined to  pressure  steam  engines  of  both  the  piston,  or  reciprocating,  and 
the  rotary  kind,  mainly  the  former,  but  all  operating  by  direct  pressure 
and  maintaining  steam-close  running  joints  around  pistons.  The  con- 
struction and  mode  of  operation  is  too  familiar  to  require  explanation. 

In  the  other  class  of  steam  engines,  the  impulse  kind,  there  is  em- 
ployed the  etfiux  of  steam-impinging  against  vanes  that  move  at  about 
0.55  of  the  velocity  of  the  steam,  or  thereabout;  for  an  average  500  feet 
per  second,  or  30,000  feet  per  minute,  according  to  the  steam-pressure 
employed.  In  some  cases  discharged  on  the  vanes  at  the  initial  or  boiler 
pressure,  in  other  cases  expanded  before  impingement,  down  to  atmos- 
pheric pressure,  the  effect  being  nearly  the  same,  and  as  the  mass,  or 
ponderable  weight  of  the  fluid.  The  velocity  is  not  diminished,  and  is 
even  increased  at  this  lower  pressure  by  means  we  need  not  inquire  into 
here. 

Here  we  have  a  strange  analogy  between  the  application  of  elastic 
and  inelastic  fluids,  between  water  and  steam,  and  in  a  change  from 
pressure  to  impulse  action.  The  same  laws  apply  in  respect  to  the  rela- 
tive velocity  of  motors,  the  method  of  application  is  nearly  the  same  • 
in  fact,  impulse  water-wheels  have,  in  some  cases,  been  driven  by  steam. 

The  main  distinction  is  in  the  respective  velocities  of  eftlux  and 
consequent  speed  of  the  motors.  For  water  we  have  V=  i/  2  g  H,  and 
for  steam  F  =  60  ]/  T  -{■  460,  both  in  feet  per  second,  or  about  as 
eight  to  one.  At  this  pressure  a  steam-driven  wheel  to  operate  econom- 
ically would  have  to  attain,  as  before  remarked,  a  speed  of  about  500 
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feet  per  second,  30,000  feet  per  minute,  according  to  the  steam  pressure 
employed. 

Before  referring  to  the  tendencies  in  present  practice,  and  consider- 
ing what  the  future  may  bring  forth,  I  will  point  out  that  a  first  conclu- 
sion will  be  that  all  these  things  are  amenable  to  computation,  and  can 
be  solved  mathematically.  This  is  unfortunately  not  the  case.  Some  of 
the  conditions,  and  even  the  dynamic  results,  may  be  thus  arrived  at, 
and  have  been  in  the  case  of  Parson's  impulse  steam  engines,  also  Dr. 
De  Laval's,  but  the  main  problems  are  of  a  constructive  nature;  pertain- 
ing to  the  maintenance  of  high  velocities,  balancing,  lubrication  and  the 
elements  of  transmission. 

Still  it  must  be  admitted  that  but  little  progress  can  be  made  with- 
out the  aid  of  computation  ia  verifying  and  explaining  results,  in  so  far 
as  forces  and  resistances,  but,  as  remarked,  the  chief  problem  lies  in  that 
branch  of  engineering  we  call  constructive.  For  example,  a  theoretical 
steam  engine  would  be  one  of  the  rotary  type,  sustaining  direct  pressure, 
and  moving  at  velocities  not  at  all  attainable  in  such  engines,  even  if  they 
were  a  possible  machine  on  other  grounds,  which  they  are  not. 

The  strange  proportions  of  parts  would  never  have  been  resolved  as 
they  are  found  in  practice  either  by  inference  or  computation,  but  being 
found,  then  new  light  is  added  by  theory;  definite  rules  are  arrived  at, 
the  direction  and  measure  of  inherent  forces  are  made  plain,  the  thermal 
conditions  are  explained,  but  first  and  mainly  must  come  the  construc- 
tive idea  or  design  qualitied  by  working  conditions  so  obscure  as  to  defy 
human  skill  until  tentatively  developed  by  long  and  tedious  experi- 
ments, dealt  with  empirically,  often  blindly,  and  no  small  share  arrived 
at  by  accident.  This  has  been  the  common  course  in  the  past,  and  is  now 
to  a  great  extent  the  path  followed,  but  in  some  instances  progress  has 
been  the  other  way,  not  from  construction,  use  and  experiment,  but  in 
attempting  to  supply  mechanism  to  accomplish  certain  computed  re- 
sults. 

Pressure  and  impulse  steam  engines  furnish  two  notable  examples  of 
these  two  methods  of  development.  The  first  were  a  constructive  and 
experimental  problem  throughout  three- fourths  of  their  history,  before 
the  study  of  thermal  laws  became  a  part  of  steam  engineering.  Then  by 
both  computation  and  a  higher  constructive  skill  the  advance  during 
twenty  years  past  has  produced  our  modern  types,  approaching  nearly 
to  ultimate  efiiciency  for  the  pressure  system  as  it  now  exists.  The 
course  of  impulse-engine  development  is  different.  It  starts  with  all  the 
aids  that  have  attended  the  final  work  on  pressure  engines,  but  on  the 
whole  the  system  or  method  has  in  ten  years  made  nearly  as  much  prog- 
ress as  the  pressure  or  piston  type  did  in  a  century,  that  is,  from  a  steam 
consumption  of  48  pounds  per  horse-power  down  to  14.5  pounds,  or  high 
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efficiency  for  modern  expanding  engine  of  the  piston  type.  This  matter 
is  mentioned  as  one  factor  to  be  taken  into  account  in  forecasting  the 
future  and  interpreting  signs  that  increase  from  month  to  montli. 

Reverting  now  to  the  practical  part,  and  first  to  water-wheels,  we 
can  easily  follow  the  advance  made  in  the  impulse  type.  The  first  dis- 
covery and  proposition  of  this  method,  so  far  as  I  can  trace  it,  originated 
with  Mr.  Jearum  Atkins,  an  American,  now  in  his  old  age  an  inmate 
of  the  Mechanics'  Home  in  Philadelphia.  He  presented  his  invention 
of  open  or  impulse  turbine  wheels  in  the  American  Patent  Office  in  1853, 
where  it  could  not  be  understood,  and  a  patent  was  refused.  He  at  that 
time  filed  in  the  office  a  complete  anal3''sis  of  the  theory  upon  which 
these  wheels  operate,  clear,  concise,  and  to-day  one  of  the  most  lucid 
descriptions  that  can  be  referred  to. 

In  1875,  twenty-two  years  later,  a  patent  was  granted  to  him  for  the 
same  invention  ;  but  before  this  time,  about  1860, impulse  turbine  wheels 
had  been  taken  up  by  some  of  the  foremost  engineers  in  Europe,  and 
had  become  a  standard  type  in  France  and  Switzerland.  At  the  present 
time,  and  for  fifteen  years  past,  no  other  form  of  water-wheels  has  been 
thought  of  there,  or  in  other  European  countries,  for  heads  exceeding 
fifty  feet. 

The  practice  is  very  uniform  all  over  Europe,  and  the  number  of  im- 
pulse wheels  made  must  exceed  pressure  turbines  three  to  one.  The 
great  wheels  at  Niagara  are  a  modification  of  the  Girard  or  impulse 
system,  more  nearly  impulse  than  pressure  wheels,  the  plans  being 
supplied  by  Messrs.  Faesch  &  Picard,  of  Geneva,  Switzerlaud,  who  were 
among  the  early  makers  of  Girard  wheels. 

On  this  Coast  I  need  hardly  say  that  tangential  wheels,  a  purely 
impulse  type,  have  displaced  pressure  turbines  for  all  except  low  heads, 
with  gain  in  efficiency,  a  saving  in  first  cost  and  in  maintenance.  The 
impulse  method  has  in  fact  been  successful  in  all  cases  of  competition  up 
to  a  limitation  by  the  volume  of  water  that  for  constructive  reasons 
renders  the  system  inapplicable  for  low  heads,  aud  when  wheels  require 
to  be  submerged. 

The  change  from  pressure  to  impulse  in  water-wheels  is,  however, 
by  no  means  so  great  a  change  as  that  between  pressure  and  impulse 
steam  engines.  The  initial  velocity  of  water, or  of  wheelsdriven  by  this 
element,  is  the  same  in  both  cases,  but  with  steam  the  initial  velocity 
is  changed,  as  we  have  seen,  as  fifty  or  sixty  to  one,  giving  rise  to  new 
and  extraordinary  differences.  To  make  these  more  plain  I  will  again 
enumerate  with  more  detail  the  conditions  of  operating  with  pressure  or 
piston  engines. 

The  weight  and  space  occupied  by  motive  engines  of  all  kinds  are, 
as  a  rule,  inversely  as  the  velocity  of  tlie  "  actuating  parts,"  aud  by  such 
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a  rule  pressure  engines  should  be  fifty  times  the  weight  of  impulse  en- 
gines. The  runniug  joints  or  hearings  for  pistons,  valve  rods,  valves, 
guides,  connections,  and  so  on,  consuming  from  six  to  ten  per  cent,  of  the 
developed  power  in  piston  engines,  are  nearly  avoided  in  the  impulse 
type,  but  are  to  some  extent,  not  known,  balanced  with  losses  by  air 
friction  on  the  impulse  wheels.  The  elements  of  transmission  between 
the  piston  and  crank  shaft  have  at  all  points  throughout  to  withstand 
the  full  measure  of  strain  imi)arted  to  the  crank  pin,  not  uniformly,  but 
in  a  series  of  waves,  to  so  call  it,  cousequeutly  these  elements  are  about 
five  times  as  heavy  and  expensive  as  when  the  initial  movement  corre- 
sponds to  .055  that  of  the  Row  of  steam.  The  change  also  simplifies 
such  gearing. 

Vibration,  due  to  intermittent  stress  and  reciprocating  parts,  is  a 
serious  objection  and  impediment  in  the  pressure  system.  It  calls  for 
ponderous  fastenings  and  foundations  that  with  lavish  plans  and  mate- 
rial, especially  in  vessels,  is  only  partially  successful. 

Fly  wheels  have  to  be  provided  to  equalize  the  variable  turning 
moments  in  all  land  engines.  This  function  is  supplied  in  vessels  by 
paddle  wheels,  screws  and  multiple  engines,  but  a  fly  wheel  of  some  kind 
is  an  essential  part  of  an  ordinary  piston  engine. 

We  have  then  iu  this  case  a  motor  moving  at  eight  to  ten  feet  a 
second,  impelled  by  a  fluid  whose  normal  flow  is  eight  to  nine  hundred 
feet  a  second  ;  fifty  times  the  weight,  and  ten  times  the  space  occupied 
that  would  be  required  if  the  steam  could  be  directly  applied.  There  is, 
however,  one  difference  that  nuist  be  kept  in  mind,  that  in  engines 
driven  by  the  impulse  of  steam  a  certain  speed  must  be  maintained, 
while  in  piston  engines  this  is  variable  in  any  degree. 

For  most  purp(jses  this  latter  feature  is  not  important,  but  is  indis- 
pensable for  traction,  and  we  need  not  look  for  change  in  that  branch  of 
steam  machinery.  The  same  fault  would  in  some  degree  apply  in  navi- 
gation where  variable  speed  is  necessary,  as  in  the  case  of  boats  making 
frequent  landings,  but  not  for  ocean  service. 

This  difficulty  in  impulse  engines  arises  from  the  fact  that  the  flow 
of  steam  follows  a  different  law  from  that  of  liquids,  and  is  computed  as 
a  function  of  temperature,  instead  of  pressure  or  head,  varying  only  35 
feet  a  second  between  25  and  100  pounds  pressure,  and  only  10  feet  a 
second  between  100  and  150  pounds  per  inch,  consequently  speed  cannot 
be  controlled  by  volume. 

But  outside  of  all  uses  requiring  variable  speed  there  is  left  a  much 
wider  field  for  impulse  engines,  and  considering  the  objections  to  the 
pressure  or  piston  system  before  pointed  out,  we  cannot  Avonder  that 
men  learned  in  these  matters  should  set  about  finding  out  some  escape 
from  such  sacrifices  made  to  mechanical  expediency.     I  am  not  able  to 
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name  but  a  few  of  the  cmineut  eugineers  who  have  considered  and  are 
engaged  in  developing  the  impulse  syr^tem  for  steam  engines. 

First  may  l^e  named  Dr.  De  Laval,  of  Stockholm,  Sweden,  inventor 
of  the  centrifugal  cream  separators,  who,  to  impel  these  high  speed 
machines,  conceived  the  idea  of  a  steam-driven  impulse  wheel,  operating 
by  the  direct  efflux  of  a  jet  applied  on  vanes.  This,  as  we  believe,  was 
about  ten  years  ago.  The  object  was  not  efficiency  or  novelty,  but  a 
high  initial  rate  of  rotation  to  avoid  transmission  gearing.  The  result 
was  so  remarkable  as  to  lead  on  to  further  experiments  and  results  until 
a  steam  consumption  as  low  as  forty  pounds  per  horse-power  per  hour 
was  attained. 

Then  the  matter  began  to  attract  attention,  and  the  Hon.  C.  A. 
Parsons  began,  in  England,  a  series  of  exhaustive  experiments  connected 
with  careful  computations  of  the  thermal  and  dynamic  conditions  attend- 
ing on  the  impulse  method,  and  now,  at  the  end  of  less  than  ten  years, 
he  has  removed  modern  compound  piston  steam  engines  in  the  city  of 
London,  and  replaced  them  with  steam  turbines,  or  impulse  engines. 
This  was  done  in  one  of  the  stations  erecteil  only  a  short  time  ago,  and 
as  Mr.Brown  remarks  iu  his  letter  before  referred  to,  "  is  a  most  signifi- 
cant fact."  It  is  more  than  a  year  since  the  editor  of  Engineering,  a 
high  authority,  conceded  that  the  impulse  steam  engine  had  attained  the 
same  efficiency  as  a  compound  piston  engine. 

Able  engineers  all  over  Europe  have  this  problem  in  baud  now,  and 
if,  as  Mr.  Brown  writes,  steam  consumption  has  been  reduced  to  6.5 
kilograms,  or  14.5  pounds  per  horse-power  per  hour, the  thermal  problem 
is  done,  that  is,  the  efficiency  has  overtaken  the  pressure  engine,  and  now 
remains  a  development  of  various  constructive  problems  that  are  almost 
sure  to  be  rapidly  worked  out. 

The  speed  of  impulse  engines  follows  the  same  law  that  applies  to  all 
motors  driven  by  the  efflux  of  fluids,  the  residual  velocity,  or,  as  we  may 
say,  the  residual  "rest,"  because  there  should  be  no  velocity  in  the 
spent  steam,  is  a  resultant  of  two  components,  the  movement  of  the  fluid 
and  that  of  the  motor,  the  former  being  reversed  in  its  course,  and  the 
relative  speeds  of  the  steam  and  the  vanes  or  buckets  being  as  100  to  55. 
This  rule  produced  in  the  first  engines  of  De  Laval  and  Parsons  from 
20,000  to  30,000  revolutions  per  minute.  Five  years  of  constructive 
effort  has  reduced  these  enormous  velocities  of  rotation  to  one-third  as 
much,  and  to  a  point  where  direct  connection  to  the  armatures  of  elec- 
trical dynamos  is  possible,  and  the  required  gearing  of  transmission  is 
brought  well  within  the  resources  of  modern  practice. 

The  conditions  of  operation  in  pressure  or  piston  engines  have 
been  in  part  pointed  out,  and,  as  said,  disclose  the  incentives  that 
have  led  to  the  impulse  method.  Ultimate  efficiency  is  not  the  object.  This 
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canuot  in  the  nature  of  things  vary  much  between  pressure  and  impulse. 
The  force  of  efflux  in  fluids'  is  equal  to  their  gravity  multiplied  into 
their  velocity,  less  the  friction  of  orifices,  and  apparatus  that  will 
utilize  the  impinging  force  in  the  same  degree  that  pressure  is  utilized 
by  pistons  will  be  equally  efficient,  other  things  being  equal,  so  the 
objects  to  be  attained  by  the  impulse  method  for  steam  engines  lies  in 
another  direction. 

It  will  be  revolutionary  to  institute  complete  comparison,  and  un- 
fair in  the  present  state  of  the  impulse  method,  only  ten  years  old, 
dating  from  the  De  Laval  experiments.  Steam  consumption  has  fallen 
from  48  pounds  to  14.5  pounds  in  that  time,  and  from  being  a  curious 
experiment  the  impulse  engine  has  thrust  itself  in  among  its  venerable 
competitors,  not  in  obscure  corners,  but  in  high  places.  The  electrical 
generators  on  the  two  greatest  trans- Atlantic  steamers  are  driven  by  im- 
pulse engines,  supplied  by  Mi-.  Parsons  about  four  years  ago.  There  are 
many  other  cases  that  cannot  be  called  to  mind  at  this  time.* 

Other  inventions  of  equal  extent  rise  in  these  times,  pass  into  the  in- 
dustrial field  and  soon  disappear  in  the  whirl  of  progress  and  change, 
that  characterizes  our  age  and  time,  but  here  is  one  of  diflTerent  nature 
and  portent. 

The  application  of  motive  fluids  by  impulse  instead  of  direct  press- 
ure, that  came  about  almost  insensibly  in  water,  means  a  wide  revolu- 
tion in  steam,  one  that  will  not  only  modify  constructively  and  economi- 
cally nearly  all  that  pertains  to  steam  power,  but  will  widen  the  field  of 
application  to  hundreds  of  purposes,  not  now  thought  of. 

Mr.  Brown  informs  me  that  he  is  considering  the  application  of 
impulse  engines  to  traction  purposes,  but  has  naturally  met  with  the  im- 
pediment of  variable  speed,  almost  the  only  fundamental  virtue  inherent 
in  the  piston  engine,  and,  as  before  said,  confined  mainly  to  this  very  case, 
so  that  he  has  attacked  the  exaggerated  end  of  the  problem,  and  will 
most  likely  abandon  the  scheme. 

One  other  feature  of  impulse  engines  remains  to  be  noticed.  Ex- 
pansion to  the  fullest  degree  must  be  a  characteristic  of  any  economical 
steam  engine.  This  Mr.  Parsons  provided  for  at  first  in  nine  stages,  and 
to  transfer  from  one  stage  to  the  next  involved  a  principal  feature  of 
objection  to  pressure  engines,  that  of  maintaining  steam-tight  running 
joints,  not  actual  contact  between  surfaces  in  this  case,  but  joints  of 
such  precision  that  while  not  in  contact,  no  considerable  leak  could  pass 
through  them. 

*  During  the  first  three  months  of  this  year,  Mr.  Parsons  received  orders  aggre- 
gating 12,000  horse-power  of  his  impulse  engines.  He  lias  been  compelled  to  call 
in  the  aid  of  other  works,  and  at  last  accounts  was  operating  iiis  own  night  and 
day.— J.  R. 
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This  calls  for  an  accuracy  of  work  that  cannot  be  attained  with 
ordinary  implements  and  by  ordinary  skill,  but  the  De  Laval  engine 
avoids  all  this  by  a  single  application  of  the  steam,  first  expanding  it 
to  the  pressure  of  the  atmosphei-e,  and  converting  the  expansive  force 
into  velocity. 

This  is,  in  my  opinion,  the  keynote  to  the  whole  system,  because 
engines  thus  made  require  no  close  running  joints,  and  are  simple  in 
all  their  elements,  down  to  the  reducing  gearing,  and  this,  as  now 
constructed,  seems  to  operate  without  difficulty. 

For  eight  years  I  have  urged  on  all  possible  occasions  the  atten- 
tion of  engineers  on  this  Coast  to  impulse  steam  engines,  and  their 
importance  for  special,  if  not  general  purposes.  These  propositions 
have  been  treated,  like  perhaps  the  present  paper  may  be,  as  a  visionary 
matter,  but,  however  this  may  turn  out,  I  am  getting  into  very  respect- 
able company,  and  feel  encouraged  accordingly,  hoping  even  to  see  at 
some  future  time  an  engine  of  100  horse-power,  wheeled  on  a  hand 
barrow,  a  quiet,  undemonstrative  little  machine  that  can  be  set  in  some 
corner  out  of  the  way  on  a  common  floor;  also  to  see  power  distributed 
by  impulse  air  engines  over  wide  districts  without  much  loss  in  trans- 
mission, without  heat,  danger,  or  the  complication  of  electrical  appar- 
atus even. 

This  is,  perhaps,  enough  for  one  occasion,  all  that  it  is  safe  to  say, 
but  having  the  floor  I  may  as  well  go  on  and  shock  the  engineering 
proprieties  with  the  second  preposition  relating  to  impulse,  laid  down  at 
the  beginning.     It  was  as  follows  : 

"  The  impulsion  of  fluids,  elastic  and  non-elastic,  will  in  future  be 
performed  by  impulse  derived  from  the  momentum  of  rotation." 

This  proposition,  almost  wholly  new  to  me,  comes  in  a  rough  pen 
sketch  and  some  explanation  by  Mr.  Brown,  of  what  he  calls  the  centri- 
fugal pump  of  the  late  Emile  Bourdon,  an  engineer  whose  name  will  be 
familiar  to  most  of  those  present  by  reason  of  his  other  inventions  relat- 
ing to  fluid  action. 

Fourteen  years  ago,  when  I  undertook  the  construction  of  centri- 
fugal pumps  here  in  San  Francisco,  I  was  informed  by  people  whose 
opinions  were  certainly  to  be  considered,  that  pumps  of  that  kind  would 
not  operate  against  heads  exceeding  forty  feet,  and  they  proved  it  too 
by  rules,  showing  that  an  increase  of  resistances  with  head,  fixed  a  com- 
mercial, if  not  practicable,  limit  at  that  pressure.  Combining  two 
pumps  I  found  their  force  in  series  was  multiplied  accordingly,  and  a 
pump  to  operate  against  a  head  of  eighty  feet  was  made  and  operated 
successfully. 

Single  pumps  have  since  then  been  made  to  raise  water  160  feet 
without  encountering  the  theoretical  resistances  commonly  set  forth  in 
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authorities,  and  I  have  the  boldness  to  believe  that  the  theories  applied 
to  these  pumps  are  wrong,  and  that  what  we  call  the  centrifugal  method 
of  pumping  has  no  such  limits  as  have  been  fixed  by  computation.  I 
presented  in  a  previous  paper  before  this  Society  the  enormous  increase 
of  capacity,  and  a  corresponding  decrease  in  cost,  of  continuous  flow 
pumps,  and  came  near  some  predictions  that  if  the  paper  were  to  be 
written  now  would  form  a  portion  of  it. 

Heretofore  we  have  operated  in  one  line  of  construction,  or  method, 
for  generating  what  we  call  centrifugal  force,  or  a  force  derived  by  ro- 
tation for  impelling  fluids,  but  if  instead  of  centrifugal  force  we  consider 
the  momentum  of  revolution,  and  deliver  this  momentum  impulsively  to 
the  performance  of  work,  we  are  carried  into  a  new  field,  and  the  limita- 
tions of  centrifugal  pumping  will  disappear,  theoretically  at  least. 

If  a  body  of  water  is  set  in  revolution  by  being  dragged  over  large 
frictional  areas  by  an  impeller  whose  volocity  at  difiTerent  radii  cannot 
conform  to  that  of  the  water,  we  cannot  expect  to  impart  to  the  water  a 
very  large  proportion  of  the  original  energy,  or  driving  power,  employed 
to  set  the  water  in  motion  ;  but  if  the  water  is  gradually  set  in  rotation, 
almost  without  friction  or  retarding  influence,  except  its  inertia,  that 
water  applied  impulsively  should  give  out  again  in  u.«eful  eflfect  within 
a  few  per  cent,  of  the  original  energy  or  power.  To  do  this  the  water 
should  not  be  whirled  around  in  a  stationary  vessel  or  case,  but  in  one 
revolving  at  the  rate  desired  for  the  water  to  attain,  and  the  impulsive 
effect  taken  off",  so  to  speak,  by  impingement  on  the  fluid  to  ])e  raised  or 
impelled. 

It  is,  perhaps,  inexpedient  and  unfair  to  bring  to  the  Society's 
notice  a  matter  so  little  supported  by  tangible  data  at  this  time,  but 
knowing  that  some  of  our  members  are  now  engaged  in  hydraulic 
problems,  relating  to  the  impulsion  of  fluids  without  the  losses  of  inter- 
mittent motion,  and  as  the  Bourdon  pump  is  an  impulse  machine,  it  can- 
not be  passed  by.  The  proposition  involves  both  the  generation  and 
application  of  the  pumping  or  impelling  force,  and  there  is,  of  course,  no 
direct  analogy  to  steam  engines  and  water-wheels  that  draw  from  an 
accumulated  store  of  energy. 

The  Bourdon  scheme  involves  a  translation,  it  maybe  called,  of  the 
energy  as  well  as  its  application  by  impulsive  effect. 

Suppose  that  a  cylindrical  vessel  like  a  centrifugal  drying  machine, 
having  inward  projecting  vanes  around  its  interior  periphery,  is  filled 
with  water,  and  set  in  revolution  up  to  a  velocity  of  80  feet  per  second 
at  the  interior  tips  of  the  vanes.  The  water  would  then  be  moving 
at  a  rate  the  same  as  that  produced  by  a  head  of  100  feet,  and  if  this 
water  could  be  diverted  tangentially,  and  directly  applied  to  the  pro- 
pulsion of  other  water  to  be  raised  or  impelled,  the  losses  would  be 
47 
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inconsiderable.  To  take  off  this  revolving  water  tangentially  a  dis- 
charge nozzle  has  to  be  introduced  inside  of  the  revolving  chamber. 
This  discharge  pipe  would,  of  course,  obstruct  or  prevent  rotation  of  the 
water  in  the  zone  occupied,  creating  a  frictional  area  equal  to  the  width 
of  the  revolving  chamber  multiplied  by  a  circle  touching  the  end  of 
the  discharge  pipe.  This  frictional  area  is  not  more  than  a  third  what 
is  encountered  in  a  common  centrifugal  pump,  and  is  that  of  viscosity 
principally. 

This  indicates  in  words  the  experiments  being  tried  by  Mr.  Brown, 
who,  as  I  understand,  proposes  velocities  far  beyond  precedent,  or  pos- 
sible, with  a  common  centrifugal  pump.  The  same  method  can  be 
applied  to  air  or  any  other  elastic  fluid  the  same  as  water. 

There  may  be  present  members  who  are  familiar  with  the  experi- 
ments and  views  of  M.  Bourdon.  I  will  not  pursue  the  matter  further 
now,  but  with  consent  may  at  some  future  time  lay  before  the  Society 
some  results  of  experiments  now  going  on  that  may  modify  present 
views  of  the  impulse  method  of  translating  energy. 


DISCUSSION. 


Mr.  a.  M.  Hunt. — A  brief  description  was  given  of  a  turbine 
steam  motor  invented  by  R.  H.  Hewsou,  of  San  Francisco,  a  number  of 
which  have  been  manufactured  and  tried. 

The  design  of  this  motor  is  crude,  and  its  economy  not  good,  but 
there  is  no  reason  why,  by  a  proper  proportioning  of  the  parts,  an  engine 
of  good  efficiency  may  not  be  made  of  it. 

A  patent  lately  issued  to  Mr.  Hewson  embodies  the  idea  of  multiple 
expansion  of  the  steam  through  a  series  of  buckets,  in  this  way  following 
the  lines  on  which  Parsons  has  been  working. 
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By  Prof.  L.  S.  Randolph,  Member  of  the  Association  of  Engineers 

OF  Virginia. 


[Read  April  17,  1895.*] 

The  analogy  between  the  college  or  the  university  on  the  one  hand 
and  the  manufacturing  establishment  on  the  other,  is  far  more  complete 
than  is  usually  supposed. 

The  verdant  freshman  represents  the  raw  material,  the  different 
undergraduate  classmen  the  material  in  process  of  construction,  and  the 
graduate  with  his  diploma  the  finished  product. 

As  it  is  necessary  that  the  manufacturer  should  carefully  study  the 
market  in  order  to  know  the  kind  and  quality  of  goods  which  the  public 
and  the  exigencies  of  life  demand,  the  method  of  manufacturing,  that 
the  most  economical  results  may  be  obtained,  and  the  raw  material,  that 
the  best  and  most  suitable  only  may  be  taken ;  so  it  is  necessary  that  the 
educator  should  study  the  conditions  of  life  to  see  what  is  required  of 
the  student ;  in  what  points  he  must  be  prepared,  and  with  what  degree 
of  finish,  the  method  of  teaching,  that  the  best  results  may  be  ob- 
tained, and  the  standard  of  admission,  that  he  may  obtain  the  desired 
quality  of  raw  material. 

The  purpose  of  this  paper  is  to  discuss  what  knowledge  will  best  fit 
the  young  graduate  for  the  practice  of  his  profession  and  what  will  best 
enable  him  to  attain  that  permanent  success  in  his  profession  which  is 
the  true  end  to  be  aimed  at  and  which  alone  will  repay  him  for  the  work 
of  preparation  and  for  the  weary  years  of  waiting  and  trial  when  his 
ability  is  being  proven ;  and  we  will  also  discuss  some  of  the  methods 
which  may  be  used  to  impart  this  knowledge. 

Webster  defines  engineering  as  "  the  science  and  the  art  of  utilizing 
the  forces  and  materials  of  nature,"  and  the  engineer  as  a  person  skilled 
in  the  principles  and  practice  of  engineering,  or  one  who  carries  through 
an  enterprise  by  skillful  or  artful  contrivance;  an  efficient  promoter — a 
manager. 

We  see  running  through  these  definitions  the  idea  of  a  manager  or 
superintendent  and  not  only  the  one  who  knows  how;  the  idea  of  an 
executive  officer,  not  only  a  consulting  or  directing  officer. 

The  definition  which  seems  to  the  writer  to  best  fit  the  case  is  "  one 
who  applies  the  discoveries  of  the  scientist  to  the  needs  of  mankind," 
and  we  find  this  similar  to  a  definition  which  can  be  readily  gotten  from 
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Webster's  defiuitious :  that  is,  oue  skilled  iu  utilizing  the  materials  and 
forces  of  nature. 

From  a  recent  catalogue  of  one  of  our  most  prominent  schools  of 
engineering  we  find  the  following  disposition  of  its  graduates: 

Chief  engineers   of   railroads,  consulting  and  inspectuisr  engineers.)  ^- 

o  _  )o  I  oo  '  ^  4o  per  cent. 

assistant  engineers  of  railroads,  city  engineers ' 

Managers,  superintendents,  presidents  and  contractors 29  " 

Engineering  instructors 6  " 

Other  professions  and  indefinite  positions 20  " 

We  find  from  the  accepted  definitions  and  statistics  that  we  get  the 
idea  not  only  of  the  necessity  for  a  thorough  knowledge  on  the  part  of 
an  engineer  of  scientific  laws  and  natural  phenomena,  but  of  the  best 
way  also  to  apply  them  for  the  use  and  benefit  of  mankind. 

The  engineer  must  be  not  only  thoroughly  acquainted  with  the  sci- 
entific facts,  but  he  must  have  sufficient  knowledge  of  economic  princi- 
ples and  the  ordinary  facts  of  every-day  life  to  apply  them  to  the  best 
advantage.  How  many  of  us,  yielding  to  the  fascination  of  scientific 
study  and  research,  have  awakened  just  iu  time  to  find  that  the  scientist 
was  strangling  the  engineer. 

The  time  comes  when  the  engineer  must  do  the  work  which  properly 
belongs  to  the  scientist,  and  then,  swinging  to  the  opposite  side  of  his 
orbit,  do  the  work  of  the  clerk  or  accountant. 

The  young  man,  thrown  out  on  the  world,  can  no  more  choose  his 
pathway,  as  a  rule,  than  the  wreck  on  the  wide  ocean ;  but  so  long  as  he 
is  able  to  hold  to  the  profession  of  engineering,  he  should  be  prepared  to 
take  whatever  work  comes  in  his  way,  and  in  whatever  part  of  the  field 
of  engineering  it  may  lie. 

Let  us  see  what  will  be  required  of  the  engineering  student. 

We  find  the  field  of  the  discoveries  of  the  scientist  with  which  the 
engineer  has  most  to  do  to  be  physics,  chemistry,  mathematics  and 
astronomy.  In  physics — mechanics,  heat,  light,  sound,  electricity  and 
magnetism. 

Under  the  head  of  mechanics  we  have  statics  and  dynamics  of  solids 
and  liquids,  and  kinematics. 

Under  the  head  of  heat  we  have  conduction,  radiation  and  reflec- 
tion and  the  effect  of  heat  in  producing  expansion. 

Under  the  head  of  light  we  have  refraction,  defraction,  reflection 
and  the  composition  of  light  colors  and  polarization. 

Acoustics — propagation  of  sound  waves,  its  reflection  and  the  inter- 
ference of  sound  waves. 

Electricity  and  magnetism — the  relation  between  electromotive 
force,  current  and  resistance,  induction  and  magnetization. 

Chemistry — the   composition  of   bodies   and    the   theory  of  their 
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reaction,  both  for  organic  and  inorganic  compounds;  and  under  this 
head  should  be  included  the  closely  allied  sciences  of  geology,  mineral- 
ogy and  metallurgy. 

Mathematics,  while  only  a  tool,  is  so  indispensable  an  implement 
that  little  could  be  done  without  it. 

Astronomy  we  find  of  comparatively  little  use  to  the  majority  of 
engineers. 

Under  the  above  subjects  we  will  find  nearly  all  the  fields  for  scien- 
tific investigation ;  and  it  is  in  these  fields  that  the  discoveries  are  made 
which  it  is  the  engineer's  province  to  apply  or  make  use  of. 

In  the  early  days  of  engineering  education  it  was  deemed  sufiicient 
that  the  engineer  should  be  thoroughly  grounded  in  the  above,  that  is> 
he  should  understand  the  scientific  side  of  the  question  only.  As  the 
subject  of  engineering  education  was  developed,  three  diflferent  schools 
were  evolved :  The  German  or  Continental,  the  English  and  American. 

In  the  German  or  Continental  the  theoretical  side  of  the  question  was 
given  the  greatest  prominence  and  the  student  was  thoroughly  drilled 
in  this  side  of  the  question  rather  to  the  exclusion  of  the  other. 

In  England  the  opposite  system  was  developed  and  the  student  was 
given  a  practical  pr  )blem  and  drilled  in  that ;  his  work  leading  him  back 
to  the  scientific  principles  involved. 

In  the  United  States  the  system  of  instruction  which  has  been 
developed  may  be  said  to  be  a  combination  of  these  two  systems,  a  mean 
between  the  two  extremes.  The  student  is  thoroughly  grounded  in  the 
elements  of  mathematics,  physics,  astronomy,  and  chemistry,  and  from 
this  he  is  lead  to  their  application  to  engineering  problems,  especial  atten- 
tion being  paid  to  those  subjects  which  are  of  greatest  importance  in  the 
particular  branch  which  he  wishes  to  follow,  whether  civil,  mechanical, 
mining,  military  or  electrical,  and  the  examples  used  for  applying  these 
principles  are  drawn  from  practice  in  the  particular  branch  under 
study. 

That  this  system  of  giving  the  student  instruction,  in  the  method  of 
applying  the  fiicts  which  he  had  learned,  was  a  long  step  in  the  right 
direction,  will,  I  am  sure,  nat  be  questioned,  in  the  face  of  the  marked 
success  of  the  technical  schools  in  this  country.  But  the  detail  of  this 
work  ;  what  to  leave  out  and  what  to  put  in  and  how  far  certain  subjects 
should  be  carried  in  the  different  divisions  is  a  matter  which  has  been 
much  debated,  is  being  debated,  and  will  probably  be  for  many  years  to 
come.  Probably  no  two  men  could  be  found  who  would  agree,  or  who^e 
practice  would  harmonize,  each  one  working  toward  that  goal  which  he 
thinks  will  bring  greatest  benefit  to  his  pupil  and  reflect  the  greatest 
credit  on  himself. 

All  of  our  colleges  are  limited  to  a  certain  given  time,  usually  four 
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years,  within  which  the  student  must  be  taken  with  a  certain  amount  of 
knowledge  and  brought  uj)  to  such  a  state  of  knowledge  as  will  enable 
him  to  reach  the  standard  demanded  by  his  degree,  and  the  problem  is 
to  use  this  time  to  the  greatest  advantage  possible  as  an  illustration: — 

Should  the  theory  of  arches,  bridges  and  foundations  be  taught  to 
the  mechanical,  electrical  and  mining  engineer,  and  if  so,  how  far  should 
it  be  carried  and  to  what  extent  should  its  application  be  taught  ?  That 
the  civil  engineering  student  should  be  carried  further  goes  without 
saying;  but  how  much  further?  In  some  colleges  the  courses  in  this 
particular  are  almost  identically  the  same.  In  others,  all  but  the  civil 
stop  with  the  theory  of  the  subject.  The  writer's  experience  has  lead  him 
to  believe  that  the  latter  is  the  correct  practice. 

Again,  should  the  civil  engineering  student  be  taught  thermo-dynam- 
ics,  and  its  applications  to  the  steam,  air  and  gas  engines  and  to  refrig- 
erators ?  All  these  are  absolutely  essential  to  the  mechanical  engineer. 
The  theory  of  thermo-dynamics  should,  of  course,  be  taught,  but  should 
its  applications  also  be  taught  to  the  civil  or  mining  engineering  student  ? 
In  the  writer's  own  experience  several  cases  have  arisen  where  civil  en- 
gineers have  had  pressing  need  of  a  knowledge  of  refrigerating  processes, 
but  it  would  seem  that  the  percentage  of  such  cases  is  not  great  enough 
to  Avarrant  requiring  each  student  to  go  over  all  of  this  work  to  the 
exclusion  of  other  work  in  the  line  of  his  specialty. 

The  question  of  chemistry  frequently  comes  up  for  the  mining  or 
metallurgical  engineer.  A  thorough  knowledge  of  inorganic  chemistry 
is  absolutely  essential  ;  but  for  the  civil,  mechanical  or  electrical,  how 
much  and  to  what  extent  should  it  be  carried  ?  Should  these  last  two 
have  organic  chemistry  and  any  work  in  biology  ?  Should  either  one 
take  up  water  supply  or  sewage  work? — such  knowledge  would  be 
extremely  valuable  and  can  scarcely  be  dispensed  with ;  but  with  this 
important  exception,  the  engineer,  it  may  be  said,  does  not  have  suffi- 
cient use  for  these  subjects  to  pay  him  for  spending  the  time  over  it. 

Should  the  mechanical  engineer  alone,  as  having  to  do  with  the 
design  of  machinery,  be  taught  the  principles  of  machine  design  ?  It  is 
almost  universally  acknowledged  that  the  application  of  the  discoveries 
in  the  field  of  electricity  were  held  back  for  years  by  ignorance  of  the 
subject  on  the  part  of  those  who  designed  the  first  electrical  machinery. 
So  that  we  can  say  that  for  the  electrical  specialist,  as  well  as  for  the  me- 
chanical, it  is  absolutely  essential ;  but  does  the  civil  or  mining  engineer 
have  use  for  this  particular  knowledge?  Some  rather  amusing  designs 
would  indicate  that  they  do  not  all  get  it. 

It  is  freely  acknowledged  that  the  theory  of  the  subjects  given  above 
should  be  carefully  brought  out;  but  to  what  extent  should  their  appli- 
cation be  taught,  and  from  what  source  should  the  problems  illustrating 
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their  application  be  selected  ?  It  is  here  that  the  differentiation  starts 
between  the  branches  of  engineering  education,  and  it  is  after  this  that 
the  principal  difficulties  of  the  problem  present  themselves. 

As  has  been  said  before,  it  will  scarcely  be  denied  that  the  plan  of 
teaching  the  application  of  theoretical  and  natural  laws,  and  the  draw- 
ing of  deductions  from  observations  upon  them,  was  a  great  step  in 
advance,  but  is  there  not  another  step  which  can  be  made?  Having 
made  the  application  to  a  given  definite  problem,  should  we  not  also 
bring  out  and  determine  the  principles  which  govern  the  value  of  the 
problem  when  solved  ? 

Having  studied  and  observed  the  action  of  the  discovered  natural 
laws,  and  having  applied  the  information  so  obtained  to  the  solution  of 
2jroblems,  should  we  not  also  carry  the  student  to  such  a  point  as  to  en- 
able him  to  determine  what  problems  are  worth  solving  and  what  their 
value  will  be  in  dollars  and  cents  when  solved  ?  For  the  world  measures 
the  efficiency  of  the  engineer  in  dollars  and  cents. 
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WOODEX  IJRIDGE  COXSTRI  CTIOX  ON  THE  BOSTOX 
AXD  MAIXE  RAILROAD. 


By  J.  Parker  Snow,  Member  of  the  Boston  Society  of  Civil 
Engineers. 


[Read  May  15,  1895.*] 

The  subject  of  iron  and  steel  bridges  has  been  quite  extensively 
written  up  in  our  technical  literature  during  recent  years,  but  wooden 
bridges  are  seldom  discussed,  and  when  mentioned,  are  generally  treated 
as  temporary  structures  or  excuses  offered  for  their  use.  The  building 
of  such  bridges  is,  however,  a  live  business  on  the  Boston  and  Maine 
Railroad,  although  the  impression  seems  to  be  prevalent  in  many  quar- 
ters that  such  construction  is  obsolete  and  out  of  fashion. 

This  paper  is  offered  to  describe  the  present  practice  in  wooden 
bridge  construction  on  the  above-named  railroad,  and  if  not  considered 
as  in  line  with  present  approved  practice  elsewhere,  may  at  least  have 
some  interest  as  a  history  of  one  branch  of  the  bridge-building  art. 

On  the  system  operated  by  the  Boston  and  Maine  there  are  1,085 
wooden  bridges  of  all  kinds  in  a  total  of  1,561.  This  number  covers 
overhead  as  well  as  track  bridges  and  includes  everything  of  6  feet  clear 
opening  and  upwards,  except  stone  box  culverts.  The  proportion  of 
wooden  bridges  grows  less  each  year,  although  more  than  half  of  the 
new  structures  built  to  replace  old  bridges  are  built  of  wood. 

The  types  most  commonly  used  for  new  work  are  pile  trestles,  plain 
stringer  bridges,  compound  stringers  made  of  timbers  keyed  together 
to  get  greater  depth  than  is  possible  with  single  sticks,  pony  trusses  of 
the  Queen  post  and  Howe  type,  and  Town  lattice  bridges.  At  the 
present  prices  of  iron  bridges  Howe  trusses  of  considerable  span,  if 
built  in  first-class  shape  of  Southern  pine  timber,  cost  almost  exactly  the 
same  as  iron  ones  and  consequently  are  practically  ruled  out.  A  con- 
siderable number  of  stringers  trussed  with  rods  beneath  are  in  existence, 
but  are  seldom  built  at  the  present  time. 

Spruce  timber  is  used  for  all  parts  of  Town  lattice  bridges,  and  for 
caps,  stringers  and  ties  in  many  trestles  and  plain  stringer  bridges  on 
Northern  lines.  On  lines  south  of  Central  New  Hampshire,  however^ 
Southern  pine  is  almost  invariably  used.  Spruce  is  sufficiently  durable 
when  roofed  in,  and  on  account  of  its  lightness  is  much  better  than 
Southern  pine  for  lattice  trusses,  but  its  softness  and  tendency  to  warp 
and  the  difficulty  in  getting  sticks  of  sufficient  length  make  it  unsuited 
for  Howe  truss  work  of  magnitude.  For  bottom  chords  of  lattice  bridges 
of  over  100  feet   span,  recourse  must  be  had  to  Southern    pine   also  on 
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account  of  the  difficulty  in  getting  spruce  of  the  requisite  length.  Tam- 
arack, oak  and  chestnut  are  used  for  piles  in  trestles. 

The  life  of  sawed  spruce  exposed  to  the  weather  is  but  about  six  or 
seven  years.  Southern  long-leaf  pine  of  prime  quality  in  similar  condi- 
tions is  reliable  for  twelve  to  fourteen  years.  "When  covered  in  and  well 
ventilated  and  kept  free  from  accumulations  of  dirt,  either  timber  will 
last  forty  to  fifty  years.  Sawed  chestnut  for  ties,  stringers,  etc.,  is  about 
intermediate  in  durability  between  spruce  and  hard  pine.  It  has  been 
used  for  bridge  timber  on  the  Southern  lines  of  the  system  considerably 
in  years  past,  but  is  not  so  used  now  and  is  not  recommended. 

Tamarack  piles  in  dry  land  trestles  will  last  eight  to  ten  years, 
chestnut  and  oak  of  good  quality  fifteen  to  twenty. 

The  loads  used  in  calculating  new  wooden  bridges  are  somewhat 
lighter  than  the  standard  used  for  those  of  iron.  It  is  thought  that 
wooden  bridges  are  necessarily  of  a  less  permanent  character  than  iron 
ones  and  that  within  their  natural  life  the  weight  of  rolling  stock  will 
not  increase  so  much  above  what  it  is  at  present  as  may  occur  in  the  life 
of  an  iron  bridge;  again,  if  wooden  bridges  are  found  to  be  too  light  for 
future  loads,  they  can  be  strengthened,  or  supported  on  trestle  bents 
much  better  than  iron  ones,  and  a  wooden  bridge,  like  a  piece  of  masonry, 
will  give  abundant  notice  of  distress  before  it  will  fail  entirely.  The 
governing  reason  for  building  wooden  bridges  instead  of  iron  ones  alto- 
gether is,  of  course,  their  less  first  cost,  and  if  the  full  standard  load  fin- 
iron  bridges  was  used  in  designing  them  this  elemeut  of  advantage  would 
be  reduced  and  they  wonld  be  no  more  serviceable  or  satisfactory  for 
present  use  than  if  designed  for  the  lighter  load.  The  load  used  is  a 
train  of  consolidation  engines  weighing,  each,  with  tender,  172,000 
pounds,  with  24,000  pounds  on  each  driving  axle,  or  80,000  pounds  on 
two  axles,  seven  feet  apart.  This  is  somewhat  in  excess  of  engines  in 
use  at  present  on  this  system,  and  although  considerably  lighter  than 
the  load  used  in  designing  iron  bridges,  the  considerations  given  above 
seem  sufficient  to  justify  its  use. 

The  usual  unit  strains  used  are,  for  Southern  pine  1,000  pounds  per 
square  inch  direct  tension  and  800  compression ;  the  latter,  of  course, 
reduced  for  ratio  of  length  to  diameter.  For  spruce  this  unit  is  taken  at 
650  compression  and  800  tension.  For  fiber  strain  in  stringers  and  beams 
the  unit  is  1,200  pounds  per  square  inch  for  both  hard  pine  and  spruce. 
The  reason  for  adopting  this  figure  for  spruce  is  that  in  exposed  situations, 
as  is  the  case  with  stringers,  the  life  of  spruce  is  so  short  that  it  is  a  waste 
of  material  to  provide  for  the  much  talked  about  increase  in  engine  loads, 
and  while  sound,  this  unit  gives  a  very  satisfactory  bridge.  For  com- 
bined transverse  and  longitudinal  strain  two-thirds  of  the  former  is  added 
to  the  latter  and  800  pounds  used  as  the  unit.     Longitudinal  shear- 
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ing  is  kept  below  80  pounds  per  inch  and  transverse  crushing  on  hard 
pine  from  350  to  400  pounds  per  square  inch,  depending  on  whether  the 
whole  width  of  the  stick  is  covered  or  only  a  small  area. 

These  unit  strains  are  used  for  new  work ;  an  old  bridge  will,  how- 
ever, stand  up  and  carry  its  load  when  the  computed  strains  in  some 
parts  are  very  high.  Of  the  three  classes  of  bridges  built  twenty  years 
ago,  iron  pin,  iron  riveted  and  wooden,  all  of  which  figure  equally  neai 
the  danger  limit,  common  prudence  will  select  the  pin  bridge  as  the  first 
one  to  be  removed,  the  riveted  one  next  and  the  wooden  one,  if  sound, 
last. 

The  cost  of  bridges  for  single  track  of  120  feet  span  will  compare 
something  as  follows : — Iron  $5,300.  Howe  truss  of  Southern  pine  and 
iron  angle  blocks  $5,000,  and  spruce  lattice  $3,500.  Below  this  span, 
the  advantage  of  wooden  bridges  over  iron  ones  in  point  of  cost  will 
increase  and  above  it  the  advantage  rapidly  reduces  to  nothing. 

The  standard  spacing  of  bents  in  })ile  trestle  bridges  is  15  feet. 
Solid  caps  drift-bolted  to  the  piles  and  girder  caps  with  riders  are  used 
indiscriminately,  the  former  being  the  cheaper  and  the  latter  making 
the  most  rigid  structure.  The  stringers  used  on  these  trestles  are  for 
single  track,  two  8"  x  16"  under  each  rail  and  one  of  the  same  dimen- 
sions on  each  side  placed  10  feet  apart  from  outside  to  outside.  The 
stringer  sticks  are  30  feet  long,  laid  to  break  joints  ;  the  two  sticks  under 
each  rail  are  spaced  2"  apart  by  cast  iron  spool  separators  and  f"  bolts, 
four  at  each  cap.  The  stringers  are  secured  to  the  caps  by  drift  bolts. 
The  floor  consists  of  ties  6"  x  8"  x  12  feet  long,  laid  4"  apart  in  the  clear. 
Tie  spacers  6"  x  8"  are  placed  flat  on  the  ends  of  these,  notched  down  one 
inch  and  bolted  to  every  fourth  tie.  These  bolts  have  a  round  burr 
washer  under  the  head  on  top  and  a  Warren  nutlock  for  washer  at  the 
lower  end.  The  floor  is  kept  in  line  by  occasional  lining  spikes  or  drift 
bolts  through  the  ties  into  the  side  stringer. 

The  tie  floor  above  described  is  standard  for  all  wooden  bridges ;  it 
is  shown  in  cross- section  Fig.  1.    In  designing,  the  ties  are  considered  as 
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FiG.  1.    Standard  Trestle  ;  15  Ft.  Bent. 

distributing  the  load  so  that  80  per  cent,  is  carried  by  the  main  stringers 
and  20  per  cent,  by  the  side  ones.  The  continuity  of  the  stringer  sticks 
over  two  spans  is  considered  as  reducing  the  moment  of  the  load  at  the 
centre  of  span  by  10  to  12  per  cent. 
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Plain  stringer  bridges  are  built  the  same  as  above  described  for 
trestles,  except  as  the  stringers  do  not  have  the  advantage  of  continuity 
over  supports,  the  sections  must  be  larger  for  similar  spans.  The  depths 
of  the  sticks  should  not  be  less  than  -^^^  to  ^\  the  span. 

When  the  span  becomes  too  great  for  merchantable  depths  of  tim- 
ber, or  convenient  thicknesses,  recourse  is  had  to  keyed  striugers.  These 
are  made  by  placing  one  stick  on  top  of  another  and  framing  cast-iron 
keys  between  them,  as  shown  in  Fig.  2.  A  vertical  bolt  at  each  key 
prevents  the  timbers  from  separating. 
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Fig.  2. 

These  keys  are  proportioned  for  the  lougitudiual  shear,  and  hence 
the  total  depth  of  the  comjjound  stick  can  be  used  in  computing  its 
moment  of  resistance.  The  keys  are  cut  1*"  into  each  upper  aud  lower 
stick,  and  an  attempt  is  made  to  distribute  them  according  to  the  inten- 
sity of  the  shearing  strain  ;  but  near  the  ends  of  the  stringer  a  strict 
adherence  to  this  requirement  would  bring  them  so  near  together  in 
some  cases  that  the  daps  might  split  out.  With  notches  \\"  deep,  it  is 
desirable  that  they  should  be  at  least  18"  apart.  The  quantity  of  longi- 
tudinal shear  at  the  neutral  axis,  between  any  point  and  the  end  of  a 
beam,  is  a  function  of  the  fiber  strain  at  that  point ;  being  equal  to 

-^~  when  h.  is  the  breadth,  d.  the  depth  and/,  the  extreme  fiber  strain. 

A  convenient  way  to  locate  the  position  of  the  keys  is  to  draw  a  line 
the  ordinates  of  which  represent  the  moment  of  the  load  and  lay  off  to 

some  convenient  scale,    -J'  as  an  inclined  ordinate  at  the  center  of  this 
4 

curve.  Now,  beginning  at  the  base,  space  off  on  this  inclined  line  the  value 
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of  each  key,  and  draw  horizontals  through  the  points  of  division  ;  these 
horizontals  will  cut  the  moment  curve  into  spaces  showing  the  proper 
field  for  each  key.  The  friction  between  the  two  sticks,  induced  by  the 
load  and  by  the  grip  of  the  vertical  bolts,  helps  to  resist  the  longitudinal 
shear,  and  a  proper  proportion  can  be  added  to  the  value  of  the  key 
when  spacing  off' the  inclined  ordinate. 

These  stringers  require  considerably  more  material  than  trusses  of 
equal  strength,  but  the  labor  on  them  is  small  and  they  can  be  put  in 
place  and  prepared  for  the  passage  of  trains  in  much  less  time  than 
trusses.  This  latter  quality  is  of  great  importance,  and  should  be  given 
more  attention  by  bridge  designers  than  it  generally  receives.  This 
style  of  bridge  works  in  with  the  ordinary  trestle  spans  very  conveni- 
ently when  it  is  desired  to  make  a  wide  opening  for  a  runway  for  ice  or 
logs,  or  for  a  highway  underpass.  The  lower  stick  of  the  compound 
stringer  is  extended  beyond  the  upper  one  to  furnish  a  seat  for  the  regu- 
lar stringers  of  adjacent  bents.  In  cases,  too,  where  the  trestle  bents  are 
high  and  expensive  it  will  lessen  the  cost  of  the  structure  to  make  alter- 
nate spans  compound  or  keyed  stringers.  This  style  of  bridge  is  avail- 
able up  to  clear  spans  of  30  feet. 

Pony  trusses  are  used  for  spans  between  30  and  60  feet,  generally  of 
the  Howe  type.  For  overhead  highway  bridges  requiring  trusses  modi- 
fied pony  Howe  trusses  are  used  almost  exclusively.  For  these  latter 
and  for  track  bridges  it  is  altogether  better  to  use  floor  beams,  distribu- 
ted along  the  chord  about  2j  feet  apart,  rather  than  to  concentrate  the 
load  at  panel  points  by  means  of  stringers  carrying  the  load  to  large 
floor  beams,  as  is  done  in  iron  bridges,  and  it  is  generally  best  to  hang 
the  floor  beams  below  the  chord.  If  the  plank  floor  of  highway  bridges 
is  laid  directly  on  these  cross  floor  beams  it  brings  the  plank  parallel  to 
the  line  of  travel  ;  this  is  considered  objectionable,  and  hence  longitu- 
dinal spiking  joist  or  stringers,  4  to  6  inches  thick,  are  laid  on  the  cross 
floor  beams  and  the  plank  spiked  to  these.  On  bridges  carrying  light 
traffic  a  single  3"  floor  is  used,  but  where  the  travel  is  heavy  it  is  eco- 
nomical to  use  a  double  floor,  generally  2"  below  and  3"  for  wearing 
surface.  The  under  plank  lengthens  the  life  of  the  floor  very  consider- 
ably by  keeping  it  safe  for  a  long  time  after  the  corners  of  the  upper 
plank  have  worn  through. 

Railroad  bridges  of  this  class  should  always  have  the  top  chords  stayed 
against  side  motion,  as  shown  in  Fig.  3,  and  it  pays  to  protect  the 
trusses  from  the  weather  by  sheathing  and  roofing  them  in. 

For  spans  greater  than  is  desirable  for  pony  trusses  the  Town  lattice 
built  mostly  of  spruce  is  our  only  resource.  As  before  stated,  Howe 
trusses  of  Southern  pine  cost  almost  as  much  as  iron  bridges  at  present 
prices.     Spruce,  the  only  available  timber   growing  in  the   region    in 
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\vhich  these  bridges  are  used,  is  not  well  adapted  to  Howe  truss  work,  but 
is  excellent  for  lattice  bridges.  This  style  of  bridge  seems  never  to  have 
been  developed  to  much  extent  outside  of  New  England,  and  it  is  fre- 


FiG.  3.    Sway  Bracing  for  Poxy  Trusses. 

c^ueutly  referred  to  as  peculiarly  unscientific  and  wasteful  of  timber.  It 
is,  however,  the  best  of  the  purely  wooden  bridges,  and  its  present  sur- 
vival here  and  its  economy  over  all  other  types  disproves  its  wasteful- 
ness. These  trusses  should  always  be  built  double,  that  is,  with  two 
webs  like  a  box  girder.  Single  w^eb  trusses  can  be  made  strong  enough 
up  to  80  feet  span,  but  they  do  not  stand  so  steadily  or  keep  in  line  so 
well  as  those  with  double  webs.  The  distance  between  the  webs  is 
immaterial,  but  is  generally  made  equal  to  the  thickness  of  two  chord 
plank,  from  6  to  8  inches.  Outside  of  the  webs,  it  is  not  deemed  advis- 
able to  use  more  than  three  thicknesses  of  plank  on  each  side ;  this  con- 
fines the  chord  to  8  planks,  and  as  this  is  generally  not  sufficient  to  give 
the  requisite  strength,  a  second  chord  is  added  at  the  second  web  inter- 
section. These  second  chords  serve  not  only  to  carry  chord  strain,  but 
also  to  stiffen  the  diagonals  and  to  assist  the  outer  chords  to  distribute 
the  shear  between  the  tension  and  compression  members  of  the  web. 

The  chord  strength  of  these  trusses  is  computed  by  assuming  the  dis- 
tance between  the  centers  of  outer  chords  as  the  effective  strain  depth 
of  the  truss,  and  reducing  the  section  of  the  inner  chords  in  the  ratio  of 
the  squares  of  their  distances  from  the  neutral  axis.  In  the  case  shown 
on  the  inset  this  ratio  would  be  nine-sixteenths.  In  several  bridges  of 
this  type  now  standing  on  the  Boston  and  Maine  road,  built  in  former 
years,  there  are  three  sets  of  chords,  but  the  third  chord  has  but  little 
theoretical  value,  and  judging  by  the  amount  that  the  joints  are  pulled 
they  assist  but  little  in  carrying  the  chord  strain.  The  proper  arrange- 
ment of  the  breaks  in  the  planks  of  the  lower  chord  affects  the  strength 
of  the  whole  much  the  same  as  the  arrangement  of  eyebars  affects  the 
strength  of  pins  in  an  iron  bridge. 

In  bridges  of  125  feet  span  and  upwards  it  becomes  necessary  to 
fasten  the  abutting  ends  of  the  chord   plank  together  and  the  device 
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shown  on  the  inset  is  used  for  this  purpose.  The  gib-bars  are  wrought 
iron,  varying  in  section  with  the  thickness  and  width  of  plank  to  be 
joined;  hexagon  nuts  are  used  on  the  yoke  rods  so  as  to  necessitate  as 
little  cutting  of  the  chord  stick  as  possible.  A  ribbon  i?  sometimes  put 
between  the  webs  at  the  middle  height  of  the  truss,  as  shown  in  the 
inset,  with  the  idea  of  stiffening  the  web  and  preventing  vibration. 


DISCUSSION. 


Mr.  B.  W.  Guppy.— The  Town  lattice  truss  was  patented  in  1820 
or  1821.  The  inventor,  Mr.  Ithiel  Town,  published  pamphlets  in  1821 
and  1831,  describing  the  bridge,  and  the  claims  that  he  makes  therein  as 
to  the  economy  and  durability  of  this  type  of  bridge  have  been  fully 
substantiated.  Copies  of  these  pamphlets  are  in  the  possession  of  the 
Boston  Public  Library. 

Some  of  the  advantages  that  Mr.  Town  claimed  for  his  bridge  are 
as  follows : 

"Suitable  timber  can  be  easily  procured  and  sawed  at  common  mills, 
as  it  requires  no  large  or  long  timber. 

"Defects  in  timber  may  be  discovered  and  wet  and  dry  rot  prevented 
much  more  easily  than  could  be  in  large  timber. 

"There  is  no  iron-work  required,  which  at  best  is  not  safe,  especially 
in  frosty  weather." 

This  last  statement  is  rather  amusing,  as  Mr.  Town  previously 
states  that  the  trusses  can  be  built  either  of  wood  or  iron.  Moreover,  it 
is  due  to  a  free  use  of  iron  that  the  present  develojjment  of  the  bridge 
has  been  obtained. 

Iron  is  used  principally  in  the  form  of  bolts  and  rods,  and  its  use 
increases  the  strength  of  certain  parts  like  the  tension  chord,  and  allows 
of  adjustments  to  take  up  the  shrinkage  of  the  timber. 

Wedges  at  the  ends  of  the  pins  or  treenails  were  used  to  keej)  the 
sticks  in  close  contact.  Bolts  at  the  intersections  of  chords  and  lattice 
are  now  used  for  the  same  purj^ose,  and  they  also  add  to  the  strength  of 
the  chord  connections. 

Iron  chord  couplings  add  a  large  percentage  to  the  strength  of  the 
tension  chord. 

A  Howe  truss  system  of  latei'al  bracing  is  used  instead  of  the  Burr 
system  originally  adopted,  and  by  means  of  turnbuckles  on  the  rods 
placed  so  as  to  be  easy  of  access,  adjustments  can  be  made  to  keep  the 
trusses  projierly  in  line. 

Formerly  the  floor  beams  in  through  bridges  rested  on  top  of  the 
bottom  chord,  bringing  most  of  the  load  on  the  inside  chord  sticks  and  web 
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system.  The  present  practice  is  to  hang  the  floor  beams  below  the  bottom 
chord  by  hanger  bolts  alternately  on  opposite  sides  of  the  chord,  as  shown 
on  the  drawing  accompanying  Mr.  Snow's  paper.  This  distributes  the 
load  equally  between  the  two  web  systems  and  adds  an  amount  to  the 
headroom  equal  to  the  depth  of  the  chord  plus  the  depth  of  the  floor 
beam. 

Some  of  these  bridges  have  a  very  long  life.  One  that  was  taken 
down  on  the  Boston  and  Maine  system  last  year  and  replaced  by  a  simi- 
lar structure  was  claimed  to  be  over  fifty  years  old,  although  no  exact 
record  could  be  found.  This  refers  to  the  trusses.  The  floor  was  newer, 
having  been  renewed  and  strengthened.  The  timber  was  in  fairly  good 
condition,  extreme  lightness  of  construction  being  the  principal  cause 
for  renewal. 

Another  bridge  taken  down  the  year  before  was  over  forty-five 
years  old. 

In  use  these  bridges  stand  a  great  deal  of  abuse.  A  butting  colli- 
sion on  the  approach  to  one  bridge  piled  the  cars  of  one  train  up  through 
the  roof.  Beyond  breaking  a  hole  in  the  roof,  and  cutting  up  a  few  ties^ 
no  damage  was  done  to  the  bridge.  Another  collision  in  which  only  one 
train  participated,  the  bridge  acting  as  a  buffer,  resulted  in  considerable 
damage  to  the  end  vertical  and  web ;  but  the  bridge  is  still  in  use  with- 
out any  repairs  and  is  considered  to  be  perfectly  safe.  In  another  case 
logs  at  high  water  broke  off"  the  ends  of  the  lattice.  Bolts  were  put  in 
connecting  the  floor  beams  with  the  upper  lower  chord,  relieving  the 
lower  joints  of  all  vertical  load,  and  as  they  are  still  strong  enough  to 
transmit  the  chord  stress,  the  bridge  is  used  without  any  apprehension 
of  danger.  This  bridge  has  the  floor  beams  resting  on  top  of  the  bottom 
chord.  If  they  had  been  hung  below  they  would  have  protected  the 
ends  of  the  lattice. 

During  the  recent  fl(.)(_)(ls  in  New  Hanqishire,  a  pier  was  washed  out 
from  under  a  two-span  bridge.  As  the  invariable  practice  is  to  make 
these  bridges  continuous  over  all  intermediate  sup})orts,  the  bridge  was 
saved. 

At  the  same  time  the  abutment  was  washed  out  under  the  end  of 
another  bridge,  causing  one  of  the  trusses  to  settle  several  feet.  It  was 
blocked  up  into  place  and  is  now  in  use,  the  flexibility  of  the  construc- 
tion preventing  any  serious  damage. 

Fire  is  the  principal  enemy  of  these  bridges,  but  the  danger  has 
become  much  less  since  the  introduction  of  coal  burning  engines.  The 
fires  usually  start  in  the  roof  and  are  generally  extinguished  before 
they  do  any  damage  to  the  trusses.  A  good  coat  of  white-wash  together 
with  Avater  barrels,  buckets  and  a  ladder  at  each  bridge  are  the  means 
of  protection. 
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The  road  has  these  bridoes  insured,  but  as  fatal  fires  are  so  few,  and 
the  losses  are  generally  so  small,  it  would  seem  to  be  economy  to  have 
the  road  do  its  own  insuring. 

In  designing  this  truss,  the  practice  is  to  use  a  panel  length  of  from 
four  feet  to  four  feet  six  inches,  the  panel  length  being  the  distance  be- 
tween the  chord  })innings  for  one  of  the  lattice  systems.  The  ])inuings 
of  the  second  lattice  system  are  half  way  between  those  of  the  first. 
This  brings  the  distance  between  two  pinnings  equal  to  one  half  a  panel 
length.  The  panel  length  is  taken  at  such  a  length  within  the  limits 
given  as  will  bring  the  total  number  of  panels  equal  to  n  -f-  2  where  n 
is  any  integer.  This  arrangement  brings  the  center  line  of  truss  half- 
way between  two  i)innings,  making  the  chord  stick  cuts  synnnetrical, 
and  making  the  odd  length  sticks  the  same  at  both  ends. 

The  method  of  arranging  the  cuts  in  an  eight-chord  stick  is  shown 
in  the  accompanying  diagram. 
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In  figuring  the  strength  of  the  tension  chord,  the  following  assump- 
tions are  made : 

(1)  When  there  are  f  )ur  pins  and  one  bolt  at  a  pinning,  the  net 
area  of  the  stick  is  taken  as  the  depth  in  inches  minus  five,  multiplied  by 
the  width. 

(2)  The  value  of  a  pinning  to  transmit  stress  between  two  sticks  is 
taken  as  1,100  pounds  for  each  pin  and  600  pounds  for  one  bolt,  making 
a  total  of  5,000  pounds  for  one  pinning  of  four  pins  and  one  bolt. 

These  values  were  arrived  at  by  figuring  the  pin  for  bearing, 
shearing  and  bending ;  the  limiting  value  being  given  by  the  strength 
of  the  pin  to  resist  bending.  The  lever  arm  was  taken  a  constant  of  1.3 
inches  for  the  three  thicknessss  of  plank  generally  used,  namely  2i,  3|, 
31,  as  the  flexibility  of  the  pin  must  cause  the  load  to  be  concentrated 
near  the  inner  edge  of  the  stick  and  tlie  examination  of  jiins  taken  from 
old  bridges  seems  to  ju>tify  this  assumption. 

When  wrought  iron  chord  couplings  are  used,  the  strength  of  a 
coupling  is  the  net  value  of  four  tiuch  rods  at  10,000  pounds  per  square 
inch,  or  16,920  pounds. 

When  chord  couplings  are  used,  there  are  two  eases  to  consider : 
(1)  when  the  strength  of  one  coupling  plus  three  pinnings  is  less  than 
the  net  sti'ength  of  the  stick,  and  (2),  when  it  is  greater. 
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In  the  second  case,  the  weakest  center  section  is  practically  straitrht 
across  the  chord  on  the  line  CD.  In  the  first  case,  the  minimum  value 
of  chord  is  alouir  the  line  A  B.  There  is  also  a  section  E  F,  V\  panels 
from  the  center,  the  strenuth  of  which  should  he  investigated,  as  in  some 
cases  it  has  a  less  value  than  the  center  section. 

In  the  bridge  shown  in  the  drawing,  the  bottom  choi-d  is  composed 
of  six  14  X  3i-inch  sticks  and  two  14-inch  x  '21  sticks.  ^Vt  value  of  one 
14  X  S|  =  9  X  3|  X  lOOG  =  34,875  pounds. 

One  coupling    —    16,920  pounds, 

Three  pinnings  =  15,000       " 


31,920       "  which   is  less  than  net  stick  and 

the  minimum  center  section  will  be  along  the  line  .4   B. 
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31,920 
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218,270  lbs.  net  value  of 
center  section. 


Section  If  panels  from  center 
Stick  1 
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3] 
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31,920 
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21,920 
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34,875 
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25,875 
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]  pinning 

5,000 

6 

net  stick 

34,875 

7 

net  stick 

34,875 

8 

1  coupling 

16,920 

206,260  lbs.  net  strength 
of  cliord  IJ  pan- 
els from  center. 

"With  sticks  16  inches  deep  and  the  sauie  widths  the  center  section 
will  have  a  value  of  22.9,770  pounds,  and  the  other  section  235,260 
pounds,  being  the  greater  in  this  case  Inspection  shows  that  the 
strength  of  the  center  section  is  increased  only  by  the  increase  in 
sticks  4  and  5. 

This  span  is  about  the  limit  of  this  style  of  bridge  without  the 
use  of  an  arch,  although  spans  have  been  built  up  to  150  feet 

The  shear  is  assumed  to  be, uniformly  distributed  over  all  the  web 
planks  cut  in  a  given  section.  The  members  are  so  thoroughly  pinned 
48 
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together  that  they  cannot  possibly  act  as  single  independent  systems  to 
be  separately  calculated  as  is  advocated  in  some  text-books,  but  the 
strain  must  be  etpialized  throughout  a  vertical  section  much  as  would  be 
the  case  with  a  solid  web. 

A  lattice  truss  should  extend  well  on  to  the  masonry.  For  reasons 
connected  with  the  proper  construction  of  the  floor  this  extension  on  the 
abutment  should  be  about  one  and  one-half  panels  ;  a  solid  bolster 
should  be  placed  under  the  chord  for  this  distance  and  under  this  should 
be  the  cross  wall  blocking.  The  compression  diagonals  near  the  end  of 
the  truss  deliver  their  shear  to  very  short  tension  members  ;  the  fasten- 
ings of  these  do  not  seem  to  be  able  to  carry  the  load  delivered  to  them, 
and  the  bolster  is  needed  to  help  take  the  thrust  of  the  compression 
members  direct.  Many  old  bridges  built  probably  without  much 
knowledge  where  the  maximum  shear  occurs  have  failed  by  having  the 
bottom  chord  split  down  or  literally  sheared  at  the  edge  of  the  wall 
plate  by  this  action.  Proper  bolsters  would  have  largely  prevented 
this.  It  is  the  custom  now  to  put  solid  posts  between  the  webs  at  the 
end  and  second  panel  points  extending  the  whole  depth  of  the  truss. 
These  cut  through  the  two  middle  plank  of  the  chords  and  would  endanger 
shearing  the  bottom  chord  if  the  bolster  did  not  extend  beyond  the  cut- 
off. These  solid  posts  furnish  a  substantial  support  to  pin  the  short  ties 
to  and  to  receive  the  compression  members  which  do  not  reach  the 
bottom  chord.  None  of  the  trusses  built  in  this  way  have  shown  indica- 
tions of  weakness  in  the  way  explained  above.  The  panels  should  be 
between  4  feet  and  4|  feet  and  the  web  plank  should  be  given  inclina- 
tions of  nearly  60°  with  the  horizontal. 

The  pins  used  in  the.se  bridges  are  2"  oak.  They  should  be  of  well 
seasoned  timber,  and  should  be  carefully  turned  so  as  to  drive  tightly 
when  the  bridge  is  erected.  Much  depends  on  the  pins.  In  old  and 
weak  bridges  the  pins  are  frequently  found  much  distorted.  In  heavy 
trusses  all  plank  must  be  at  least  12"  wide  in  order  to  take  four  pins  at 
the  chord  intersections.  At  the  web  crosses  two  only  are  used.  At  all 
chord  intersections  and  some  in  the  web  a  4  bolt  is  used  to  hold  the 
plank  firmly  together.  This  bolt  is  deemed  of  great  importance  from 
its  preventing  the  plank  from  opening,  which  would  greatly  increase  the 
leverage  on  the  pins.  It  is  possible  that  iron  pins  perhaps  of  heavy  pipe 
rather  than  solid  bars  would  mark  an  advance  over  the  present  practice, 
but  they  have  not  yet  been  tried  so  far  as  the  writer  is  aware. 

The  floor  beams  in  these  bridges  are  at  present  invariably  hung 
below  the  chord,  two  beams  per  panel.  The  ends  of  the  web  plank  pro- 
jecting below  the  chord  are  cut  into  to  allow  space  for  each  floor  beam. 
They  are  hung  by  bolts  passing  through  the  open  spaces  in  the  chord 
and  through  washer  blocks  on  top  of  same. 


WOODEN  BRIDGE  CONSTRUCTION.  511 

The  lateral  bracing  is  the  Howe  sy.s'em,  that  for  the  lower  ch(jrd 
being  laid  directly  on  top  of  the  floor  beams,  and  the  stringers  cut  over 
it;  5"  by  8"  to  12"  is  the  size  generally  used.  The  main  striugeis  under 
the  rail  are  10"  by  10"  and  the  side  stringers  6"  by  10", 

The  load  used  for  floor  beams  is  5,500  pounds  per  lineal  foot  of  track, 
which  is  assumed  to  cover  both  the  live  and  dead  loads.  Eighty  per 
cent,  of  this  is  assumed  to  be  on  the  main  stringers  and  20  per  cent,  on 
the  side  ones.  The  c'eir  width  in  these  bridges  is  15  feet.  This  makes 
the  eff^ective  length  of  floor  beams  18  feet  or  more  and  calls  for  sticks  so 
large  that  it  is  best  to  use  Southern  pine  for  them.  Spruce  can  be  readily 
obtained  of  sufficient  size,  but  when  so  large  and  in  so  exposed  a  situa- 
tion it  twists  and  checks  badly.  Southern  pine  is  used  also  for  bottom 
chord  plank  for  spans  greater  than  100  feet,  and  should  always  be  used 
for  bolsters  and  wall  plates.  The  stone  parapets  of  all  through  wooden 
bridges  are  brought  in  so  as  to  be  flush  with  the  face  of  the  abutment 
(see  inset).  This  serves  to  protect  the  timber  floor  from  the  weather, 
obviates  the  large  amount  of  blocking  needed  on  the  stonework  when  it 
is  not  so  done,  and  shortens  the  bridge  floor. 

Lattice  bridges  are  built  on  the  Boston  &  Maine  Railroad  as  above 
described  up  to  150  feet  clear  span.  They  are,  however,  rather  unwieldy 
at  this  length  and  it  is  preferred  for  spans  above  125  feet  to  build  them 
with  an  arch  inserted  between  the  webs.  These  arches  are  built  up  to  the 
required  section  with  2"  or  3"  plank  and  bolted  to  the  trasses  at  every 
lattice  cross  which  comes  in  contact  with  the  arch.  They  abut,  against 
the  stonework  below  the  lower  chord  on  large  Southern  pine  skew-backs 
scribed  to  the  stone.  The  skew-backs  are  mortised  out  in  steps  to  receive 
the  square  ends  of  the  planks.  The  planks  of  the  arches  are  well  spiked 
when  laid  and  radial  bolts  are  freely  used  to  bind  them  well  together. 
The  load  is  brought  upon  the  arch  by  vertical  rods  passing  through  the 
arch  and  down  through  the  lower  chords  and  floor  beams. 

The  arch  is  proportioned  to  carry  its  own  weight  and  the  whole  live 
load  on  the  bridge.  The  trusses  are  made  of  the  same  section  as  those 
of  one  half  the  span  which  have  no  arch.  These  compound  bridges  are 
very  satisfactory,  being  rigid  under  traffic  and  of  more  pleasing  appear- 
ance than  when  built  without  arches.  They  are  also  much  more  econo- 
mical of  timber  than  simple  trusses  for  the  reason  that  the  arch  uses 
timber  wholly  in  compression,  in  which  condition  the  entire  section  is 
available;  whereas  when  timber  is  called  upon  to  act  in  tension  a  large 
portion  of  the  section  must  be  wasted  in  making  the  connection. 

In  order  to  secure  a  satisfactory  track  surface  after  several  years" 
use,  there  must  be  considerable  camber  framed  into  lattice  bridges.  For 
trusses  without  arches,  there  should  be  1"  for  each  25'  of  span  and  for 
those  with  arches  1"  for  about  37*'  of  span. 
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The  lattice  bridge  has  been  described  thus  at  length,  partly  because 
it  has  not  been  so  fully  treated  as  other  styles  in  technical  literature,  and 
because  it  is  the  only  kind  that  can  be  built  in  competition  with  iron  at 
present  prices.  On  the  Boston  &  Maine  system,  there  are  many  Howe 
and  Pratt  bridges,  a  few  Burr,  Briggs  and  Child's  trusses  and  many  of 
mongrel  type;  but  the  Town  lattice  has  a  large  plurality  over  any  other 
kind  and  there  seems  to  be  ample  and  good  reasons  for  its  natural  sur- 
vival. 

These  l)ridges  as  built  to-day  are,  in  all  their  important  details 
direct  descendants  of,  and  very  near  kin  to,  those  built  in  years  past  by 
the  bridge  carpenters  of  Northern  and  Central  New  England.  Those 
built  l^y  David  Hazelton  and  his  men  furnish  the  basis  of  the  present 
practice  on  this  road  and  although  they  were  l)uilt  without  engineering 
advice,  they  bear  analysis  well,  with  the  possible  exception  of  the  bottom 
chords. 

It  has  come  within  the  observation  of  the  writer  many  times  that 
when  an  intelligent  master-carpenter  has  had  the  care  for  a  term  of 
years  of  a  line  of  wooden  bridges  covering  any  given  style  of  truss,  he 
gradually  brings  their  parts,  when  building  new  ones,  to  almost  the  exact 
size  called  for  by  scientific  analysis  when  actual  loads  are  used  in  calcu- 
lation. He  will  use  iron  rods  that  are  too  small  for  they  show  him  no 
distress  unless  they  break,  but  the  timber  parts  guide  him  to  right 
results. 

It  is  this  property  of  a  timber  bridge,  its  certainty  of  giving  warning 
of  approaching  weakness,  that  has  kept  the  record  of  wooden  truss  bridges 
so  clear  from  fatal  disasters.  It  is  not  reasonably  safe  to  use  a  light  iron 
bridge  until  it  is  worn  out,  but  a  wooden  one  may  be  used  till  its  dete- 
rioration is  rapidly  approaching  the  end.  Neither  is  it  safe  to  entrust 
light  iron  bridges  wholly  to  the  care  of  workmen  nut  technically  educated ; 
the  timber  parts  of  wooden  ones  may  be. 

It  is  no  part  of  the  intention  of  this  paper  to  advocate  building 
wooden  bridges  instead  of  properly  designed  iron  ones,  but  rather  to 
describe  the  favorite  styles  now  used  on  those  parts  of  the  Boston  &  Maine 
Railroad  where  wooden  bridges  prevail,  and  to  show  that  these  styles  are 
not  so  obsolete  a?  seems  to  l)e  supposed  in  some  quarters. 
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By  Malverd  A.  Howe,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  May  15,  189o.t] 

The  object  of  the  following  paper  is  to  present  the  data  and  results 
of  a  series  of  experiments  made  to  determine  the  effect  of  moving  loads 
upon  two  railway  bridges  of  about  122  and  164  feet  span  respectively. 
Many  experiments  have  been  made  in  this  country  and  in  Europe  to 
determine  the  maximum  vertical  deflection  of  bridges  under  moving 
loads,  and,  in  some  cases,  the  lateral  deflection ;  notably  in  experiments 
made  by  Professor  Robinson,;};  but,  in  nearly  all  cases,  as  far  as  the 
author  is  informed,  little  or  no  data  were  determined  in  connection  with 
the  dimensions  and  weights  of  the  moving  loads,  the  true  position  of  the 
moving  load  at  the  instant  of  maximum  deflection,  etc.  In  Professor 
Robinson's  experiments,  the  speed  of  the  moving  load  was  determined 
by  observers,  making  it  possible  to  compute  the  true  position  of  the  load. 
In  many  cases  the  weights  and  dimensions  of  the  cars  and  locomotives 
were  obtained  from  the  railway  companies. 

The  majority  of  the  diagrams  represented  in  thetables  accompany- 
ing this  paper  are  automatic  continuous  records  (for  the  point  of  the 
bridge  being  considered)  of  the  following  conditions  : 

1.  The  actual  vertical  motion  of  the  point  independent  of  the  lateral 
and  longitudinal  motions. 

2.  The  actual  lateral  motion  of  the  point  independent  of  the  longi- 
tudinal and  vertical  motions. 

3.  The  actual  longitudinal  motion  of  the  point  independent  of  the 
lateral  and  vertical  motions. 

4.  Seconds  of  time. 

5.  The  instant  each  wheel  entered  the  span. 

6.  The  instant  each  wheel  passed  the  point  being  considered. 

7.  The  instant  each  wheel  left  the  span. 

DESCRIPTION    OF    APPARATUS. 

To  obtain  the  above  records  the  following  described  apparatus  was 
employed,  of  which  Fig.  1  represents  an  end  view,  Fig.  2  a  rear  view, 
and  Fig.  3  a  top  view. 


*The  results  etnboJied  in  this  paper  were  obtained  by  Messrs.  Ro.se  and  Tins- 
ley,  in  1892,  and  Messrs.  Andrews  and  Hildretli,  in  1S94,  in  connection  with  their 
graduating  theses.  The  apparatus  was  constructed  to  a  great  extent  by  these  young 
men  in  the  shops  of  the  Rose  Polytechnic  Institute. 

t  Manuscript  received  June  22,  1895. — Secretary,  Ass'n  of  Emj.  Socs. 

t  Trans.  Am.  Soc.  C.  E.,  Feb.,  1887.  This  is  probably  the  most  complete  and 
valuable  paper  upon  Bridge  Vibrations  which  has  ever  been  published. 
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Commencing  at  the  bridge  with  any  pin  as  g  Fig.  1,  a  U-clamp/ 
was  securely  fastened  to  the  pin  by  the  set  screws  h;  to  this  clamp,  which 
w'as  slotted  in  the  front  face,  the  brass  arm  d  was  fastened  by  means  of 
a  bolt  and  thumb  nut,  so  that  the  long  arm  was  approximately  opposite 
the  center  of  the  pin,  thereby  making  the  arm,  to  all  intents  and  pur- 
poses, move  in  all  respects  with  the  bridge. 

For  transmitting  vertical  motion  the  adjustable  arm  e  was  fastened 
to  d,  the  lower  end  of  e  bearing  against  the  pin  in  lever  a  (clearly 
shown  in  Figs.  1  and  3).  Care  was  exercised  to  have  e  vertical,  so 
that  neither  lateral  nor  longitudinal  motion  would  move  the  lever  a' ; 
the  lever  a  transferred  any  vertical  motion  to  the  lever  a,  connected 
with  the  pen  block  n,  which  transferred  the  movement  to  the  paper  on 
the  cylinders  k,  I  and  m  (Fig.  3). 

The  arms  of  all  levers  being  made  equal,  the  record  obtained  was 
true  size. 

For  lateral  motion  the  bent  lever  c  was  employed,  a  pin  in  one  end 
bearing  against  the  plate  o.  Fig.  3 ;  placed  right  angled  with  d,  thereby 
eliminating  the  effect  of  vertical  or  longitudinal  motion.  The  motion 
was  transferred  by  the  pen-block  n  to  the  paper. 

Lever  b  transferred  the  longitudinal  motion,  the  pin  in  one  end 
moving  in  a  slot  in  the  arm  d,  as  shoAvn  in  Fig.  3. 

The  pen-blocks  n  moved  on  two  round  rods  against  spiral  springs 
which  etiectually  did  away  with  lost  motion  of  every  kind. 

In  the  above  particulars  it  is  believed  that  this  apparatus  is  differ- 
ent from  all  others  which  have  been  employed.  Nearly  all,  if  not  all,  the 
devices  employed  by  experimenters  in  this  line  have  recorded  the  move- 
ments as  arcs  of  circles  antl  furthermore  have  not  separated  the  indi- 
vidual movements.  The  rigid  connection  of  the  machine  with  the 
bridge  is  also  a  peculiarity  of  this  apparatus. 

The  devices  for  recording  the  wheels  and  time  require  no  descrip- 
tion further  than  this:  that  all  were  dependent  upon  electric  contacts. 

The  paper  upon  which  the  records  were  made  was  wound  upon 
roller  m  passed  over  roller  /  and  wound  upon  roller  k.  A  crossed  belt 
between  k  and  m  kept  the  paper  taut  by  the  friction  between  the  belt 
and  the  rollers. 

The  roller  k  was  fitted  with  a  gear-wheel  which  was  driven  by  a 
worm  actuated  by  an  s:-horse-power  electric  motor.  The  speed  of  the 
paper  was  about  one  inch  per  second.  The  pens  employed  were  made 
of  glass  and  filled  with  red  aniline  ink.  The  paper  employed  was  a 
very  tough  sketching  paper,  but  of  such  quality  that  the  records  could 
be  blue-printed  when  red  ink  was  used. 

The  entire  machine  was  supported  on  an  adjustable  telescopic  box 
which  rested  upon  a  light  portable  scaffolding  made  after  the  plan  of  oil 
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derricks,  but  assembled  with  bolts.     This  as  well  as  the  lower  chord 
details  of  the  Big  Four  Bridge  are  clearly  shown  in  Fig.  4. 

Fig.  4  shows  the  floor  beam  connections,  lateral  connections  and 
post  details  as  well  as  the  machine  ready  to  work. 


Fig.  4. 
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DESCRIPTION    OF    BRIDGES. 

Two  bridges  were  examined  which  are  briefly  described  as  follows 

Vandalia  Bridge. — This  was  the  west  span  of  the  bridge  over  the 
Wabash  River  at  Terre  Haute,  lud.,  on  the  T.  H.  V.  and  St.  L.  R.  R. 
The  principal  dimensions  of  the  trusses  are:  span,  164  feet;  depth,  26 
feet;  length  of  panel,  20.5  feet.  The  bridge  is  a  single-track,  through, 
of  the  Pratt  type,  having  floor-beams  riveted  to  the  posts  and  stringers 
riveted  between  the  floor-beams. 

The  floor-beams  are  4  feet  deep  and  the  stringers  3  feet  in  depth. 
The  floor  consists  of  the  ordinary  style  of  ties  resting  upon  the  stringers 
with  wooden  guard  timbei*s  on  the  outside  of  the  rails. 

The  track  crossing  the  bridge  is  practically  straight  and  level,  the 
west  approach  is  straight  for  several  hundred  feet,  but  the  east  approach 
is  curved  until  within  100  or  200  feet  of  the  bridge,  but  since  the  span 
considered  was  the  west  one  the  approaches  for  800  feet  in  either  direc- 
tion were  straight. 

About  200  feet  east  of  the  easterly  span  the  road  is  crossed  by  a 
north  and  south  track,  and  hence  all  trains  going  we&t  come  to  a  stop 
some  oOO  or  400  feet  east  of  the  bridge. 

All  east  bound  trains  stop  for  this  crossing  200  or  300  feet  west  of 
the  span  considered.  All  engines  were  working  steam  when  crossing 
the  bridge. 

All  records  were  taken  at  the  lower  chord-pin  in  the  center  of  the 
north  truss. 

Big  4  Bridge. — This  was  the  east  span  of  the  bridge  over  the 
Wabash  at  Terre  Haute,  Ind.,  on  the  C.  C.  C.  and  St.  L.  R.  R.  The 
principal  dimensions  of  the  trusses  are:  span,  122.5  feet;  depth,  24  feet; 
length  of  panel,  17.5  feet.  The  general  design  is  the  same  as  the 
Vandalia  Bridge,  the  floor  system,  however,  being  reinforced  by  safety 
stringers  of  wood  and  an  inside  guard-rail  of  old  rails.  The  floor-beams 
are  3  feet  deep.     Fig.  4  shows  the  general  details  of  the  bridge. 

The  east  approach  to  the  span  considered  is  straight  track,  but  on  a 
down  grade.  The  west  approach  is  across  some  five  similar  spans, 
including  a  draw-span,  upon  which  the  track  is  straight  and  level.  All 
records  were  taken  at  the  lower  chord-pin,  three  panels  from  the  east  end 
of  the  north  truss. 

ROUTINE    FOLLOWED    IN    THE    EXPERIMENTS. 

The  apparatus  having  been  put  in  position,  the  electric  contacts, 
pens,  etc.,  were  tried  and  all  imperfections  corrected,  then  all  hands 
busied  themselves  waiting  for  a  train  to  appear. 

As  soon  as  a  train  was  discovered  approaching  every  man  went  to 
his  post  of  duty.     One  man  was  required  at  the  instrument  to  watch 
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the  peus  and  start  the  motor  (the  machine  usually  being  started  a  few 
seconds  before  the  train  reached  the  span),  and  two  men  took  the 
numbers  and  types  of  the  engine  and  cars.  After  the  train  had  passed 
the  motor  was  stopped  and  all  data  obtained,  including  the  date,  were 
immediately  written  upon  the  diagram.  In  many  cases  an  observer  was 
stationed  at  the  depots  who  made  a  memorandum  of  the  car  numbers, 
wheel  bases,  etc. 

BIG    4    BRIDGE. 

Vertical  Motion  caused  by  Enc/ines. — Usually  only  the  engine  and 
one  car  was  on  the  bridge  at  the  time  of  maximum  deflection,  though 
for  eastbound  trains  one  truck  of  a  second  car  may  have  been  upon  the 
span  near  the  end;  but  this  car  could  influence  the  deflection  but  little, 
so  its  weight  has  not  been  included  in  the  tables.  All  of  the  records  at  the 
first  glance  indicate  a  considerable  vibration  while  the  engine  was  on  the 
span,  but  a  closer  examination  indicates  that  the  irregularity  or  rough- 
ness of  the  record  is  due  not  so  much  to  the  vibration  of  the  bridge  as 
to  the  friction  of  the  pen  or  the  levers,  as  the  irregularities  are  in  steps, 
both  during  the  time  of  increasing  deflection  and  decreasing  deflection. 
In  only  two  cases  out  of  twenty-two  records  was  there  sufficient  evidence 
of  vibration  at  the  maximum  point  of  the  diagrams  to  warrant  any  note 
of  same;  these  were  diagrams  77  and  83,  where  the  increase  in  deflection 
was  but  5.1  and  7.5  per  cents,  respectively;  in  both  cases  the  amplitude 
of  the  vibration  being  about  0.06  of  an  inch.  The  direction  in  which 
the  train  was  going  had  no  effect  upon  the  vertical  motion. 

It  is  to  be  noticed  that  for  the  same  engine  followed  by  the  same 
tender  and  car  that  the  vertical  deflection  is  very  nearly  the  same  in  all 
cases;  this,  of  course,  might  be  expected  in  the  results  given,  as  there  is 
but  little  variation  in  speed,  with  the  exception  of  diagrams  for  engine 
92;  this  was  a  yard  engine  pushing  two  coal  cars,  and  the  speed  varied 
from  0  to  20  miles  })er  hour. 

The  static  deflection  was  found  to  be  0.39  of  an  inch.  . 

The  maximum  departure  from  this  was  0.04  of  an  inch  with  the 
train  going  east  at  a  speed  of  18.5  miles  per  hour;  either  this  is  an  acci- 
dental result  or  all  conditions  were  favorable  for  vibration,  as  a  speed  of 
20.1  miles  per  hour  caused  no  vibration  at  all,  and,  furthermore,  when 
the  train  was  going  west  no  vibration  appeared,  although  the  speed  was 
nearly  the  same. 

Apparently,  in  diagrams  63  and  75,  two  engines  weighing  the  same 
followed  by  mail  cars  give  contradictory  results,  as  the  train  having  the 
heavier  car  gave  the  smaller  deflection.  This  can  be  explained  in  seveial 
ways.  The  engines  being  different,  may  not  weigh  exactly  the  same; 
the  tenders  may  have  been  dirterently  loaded  and  the  amount  of  mail 
matter  quite  different  in  the  two  trains. 
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Condiision. — For  this  sjian  of  122.5  feet,  divided  into  seven  panels 
of  17.5  feet  each,  the  engine  causes  no  appreciable  or  dangerous  vibra- 
tion in  the  main  trusses  at  the  time  of  maximum  deflection  for  speeds 
between  0  and  20  miles  per  hour. 

Vertical  Motion  Caused  by  Cars  and  Lateral  Motion  Caused  by  Cars 
and  Engine. — The  lateral  motion  in  all  ca^es,  with  hardly  an  exception, 
was  a  maximum  for  the  engine. 

The  records  are  rough  and  irregular,  with  little  indications  of  period, 
though  close  examination  and  a  little  stretching  of  the  imagination 
shows  that  the  bridge  swings  from  side  to  side  between  two  and  three 
times  per  second  for  all  trains  and  all  speeds. 

Cumulative  vibration  was  quite  frequent  for  the  cars,  especially  in 
freight  trains,  when  the  cars  were  very  considerably  different  in  load- 
ing; this  cumulative  vibration  took  place  usually  when  the  greatest  dis- 
turbance in  the  vertical  motion  was  experienced. 

The  amplitude  of  the  side  motion  for  the  speeds  observed  was  about 
constant,  as  the  speeds  varied  but  little. 

The  records  for  vertical  motion  for  the  train  were  very  smooth,  and 
in  only  two  cases  was  there  indication  of  vertical  vibration,  and  these 
were  questionable. 

The  loaded  and  empty  cars  were  easily  distinguished  by  the 
records. 

The  maximum  deflection  due  to  the  train  was,  with  hardly  an  ex- 
ception, not  greater  than  three-fifths  that  due  to  the  engine,  tender  and 
one  car. 

Concbision. — For  this  span  of  122.5  feet,  divided  into  seven  panels 
of  17.5  feet  each,  the  train  causes  no  noticeable  vertical  vibration  in  the 
main  trusses,  but  the  engine,  as  well  as  the  cars,  creates  an  irregular  side 
motion. 

Longitudinal  Motion. — In  all  cases  this  was  towards  the  roller  end 
of  the  span,  as  might  have  been  expected ;  small  in  magnitude  and  of 
but  little  interest. 

VANDALIA     BRIDGE. 

Vertical  Motion  caused  by  Passenger  Engines. — As  in  the  case  of 
the  Big  4  Bridge,  the  records  were  rough,  indicating  some  vibration 
as  the  engine  entered  the  span,  but  at  the  point  of  maximum  deflection 
very  little  vibration  appeared,  the  maximum  effect  being  an  increase 
in  deflection  of  9.25  per  cent,  for  diagram  21a  for  an  eight-wheel  Pitts- 
burg engine  weighing  89,000  pounds. 

Conditions  of  loading  being  the  same,  the  vertical  deflection  remains 
constant  for  trains  going  in  the  same  direction,  but  a  marked  difference 
was  found  to  exist  between  the  deflections  for  east  and  west  bound  trains, 
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the  latter  causing  much  greater  deflections.  This,  however,  is  readily- 
explained  as  the  west  bound  trains  were  heavier  and  the  engines  had 
just  left  the  round  house  and  commenced  their  run  with  full  tenders 
while  the  east  bound  engines  were  at  the  end  of  their  run  with  but  liiile 
in  their  tenders. 

This  may  seem  questionable,  but  it  must  be  remembered  that  an 
empty  tender  usually  weighs  about  the  same  as  the  water  and  coal  it  is 
intended  to  carry.  This  means  a  difference  of  from  10  to  15  tons  in  the 
weight  of  the  tender  on  the  road. 

Some  of  the  roughest  records  due  to  engines  have  been  reproduced. 
The  records  for  engines  of  Class  "  B"  (including  the  maximum  increase 
of  9.5  per  cent,  in  Diagram  21a  mentioned  above)  show  the  effect  of 
direction ;  the  east  bound  records  showing  a  much  smaller  deflection  than 
those  for  west  bound  trains.  The  records  whose  numbers  have  a  sub- 
script were  taken  in  1892  and  show  a  somewhat  different  character- 
istic than  those  for  1894.     This  is  not  easily  explained. 

The  records  for  1892  are  more  indicative  of  vibration  while  those 
for  1894  show  steps  which  indicate  friction  in  the  apparatus. 

The  record  for  engines  of  types  C,  F  and  G  have  also  been  repro- 
duced. The  characteristics  of  the  records  are  the  same  for  all  classes, 
there  being  no  method  in  the  madness  of  the  curves,  the  slight  depar- 
ture from  smooth  lines  appearing  at  random,  sometimes  indicating  vibra- 
tion and  again  only  friction  of  the  machine;  in  all  cases,  however,  the 
swing  or  amplitude  of  the  vibration,  if  it  can  be  so  called,  appears  to  be 
very  small  in  comparison  with  the  maximum  deflection  due  to  the 
engine. 

Conclusion. — Based  upon  these  records,  it  is  evident  that  passenger 
engines  cause  no  injurious  vibration  in  the  main  trusses  of  this  bridge. 

Vertical  Motion-  caused  by  Freight  Engines. — The  effect  of  these 
engines  is  practically  the  same  as  for  passenger  engines  with  a  more  fre- 
quent tendency  to  vibration. 

Diagram  33a  (reproduced)  for  engine  160  comes  nearer  indicating 
a  regular  vibration  than  any  other,  yet  this  cannot  be  called  cumulative 
and  is  very  small  in  amplitude. 

Diagram  28  for  engine  267  (reproduced)  clearly  shows  the  effect  of 
fi'iction  in  the  machine. 

Conclusion. — The  same  as  for  passenger  engines. 

Vertical  Motion  caused  by  Yard  Engine  92. — This  engine  weighing 
66,000  pounds  on  four  drivers  and  about  40,000  pounds  on  the  tender, 
was  run  at  speeds  varying  from  11.6  to  36.9  miles  per  hour  to  determine 
if  speed  would  affect  the  records. 

This  engine  at  all  speeds  gave  rough  records,  but  the  amplitude  of 
the  vibration  was  small  and  not  a  maximum  with  the  maximum  speed. 


520  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  average  vertical  deflection  was  practically  the  same  for  all 
speeds  varying  between  the  limits  of  .280  and  .305  of  au  inch  and  these 
extremes  occurring  at  practically  the  same  speed. 

The  application  of  brakes  appeared  to  have  no  effect. 

PASSENGER    TRAINS. 

Lateral  Motion  due  to  Cars  and  Engines. — The  lateral  motion,  in 
all  cases,  was  a  maximum  for  the  engine,  though  now  and  then  the  cars 
caused  a  little,  especially  the  rear  cars.  In  no  case  did  the  amplitude 
exceed  one- half  of  an  inch. 

The  speed  had  a  marked  influence  upon  this  record,  the  greater 
the  speed  the  greater  the  amplitude  and  the  more  irregular  the  records. 
This  is  clearly  shown  by  the  records  reproduced. 

Engines  of  the  same  type  also  had  quite  diflerent  effects  as  shown 
in  Diagrams  25a  and  21«  for  engines  142  and  185  of  type  B  moving 
at  practically  the  same  velocities. 

FREIGHT   TRAINS. 

Lateral  Motion  due  to  Cars  and  Engines  and  Vertical  Motion  due  to 
Cars. — Here  the  records  were  practically  the  same  i'or  the  engines  as 
for  passenger  engines,  but  quite  different  records  for  the  cars,  vibration 
being  quite  frequent  and  the  rear  cars  nearly  always  producing  more  or 
less  disturbance.  Diagrams  28,  44,  54,  18  and  33a  have  been  repro- 
duced as  being  the  best  examples  of  records  having  lateral  motion  due 
to  cars. 

The  vertical  disturbance  due  to  cars  was  also  quite  different  in  many 
cases,  a  small  cumulative  vibration  being  quite  frequent.  This  is  well 
illustrated  in  Diagrams  54  and  33a. 

This  cumulative  disturbance  seems  to  be  due  not  to  the  length  of 
the  car  as  measured  in  panel  length  of  the  bridge,  but  to  the  loading  of 
several  adjacent  cars.  The  cause  is  hard  to  determine  with  certainty. 
The  disturbance  exists  and  the  only  question  which  can  be  discussed  is, 
does  this  disturbance  cause  any  serious  damage  to  the  structure? 

Lateral  Motion  due  to  Engine  92. — These  experiments  certainly 
show  that  the  amplitude  of  the  lateral  motion  or  swing  varies  almost 
directly  with  the  speed,  a  speed  of  36.9  miles  per  hour  causes  a  lateral 
swing  of  .305  of  an  inch  ;  as  great  as  the  vertical  deflection. 

Vertical  Motion  due  to  Pullman  Cars. — The  deflection  caused  by 
Pullman  cars  was  pi-actically  constant  and  averaged  about  0.36  of  an 
inch. 

Comparison  of  Theoretical  and  Actual  Deflections. — The  actual  and 
theoretical  deflections  were  compared  for  both  bridges  and  it  was  found 
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that  the  actual  was  very  much  smaller  than  the  theoretical  deflection 
which  was  computed  by  Professor  Johnson's     r,    formula. 

Of  course  Professor  Johnson's  formula  assumes  that  the  structure 
is  purely  pin-connected,  that  is,  each  member  of  the  truss  is  independent 
and  only  connected  to  the  truss  of  which  it  forms  a  part  by  pins.  Is 
this  the  case  with  the  bridges  in  question?  Certainly  not,  for  the  top 
chord  is  practically  a  continuous  beam  from  hip  to  hip  and  the  bottom 
chord  must  be  seriously  affected  by  the  lines  of  stringers  which  form  a 
continuous  beam  from  two  to  three  feet  in  depth  from  end  to  end  of  the 
bridge. 

Owing  to  the  continuity  of  the  stringers  the  panel  loads  then  are 
not  of  the  magnitude  usually  assumed,  and  which  w'ere  assumed,  in 
the  calculations.  This  might  materially  affect  the  stresses  in  the  main- 
truss  members,  and  hence  the  theoretical  deflection.  Again,  owing  to 
the  continuous  top  chord  and  stringers,  may  it  not  be  questioned  if  the 

V 11 1  . 

-pT  formula  is  exactly  correct,  or  even  approximately  correct,  for  the 

two  bridges  considered? 

GENERAL    DISCUSSION    OF    RESULTS. 

Taking  the  records  from  both  bridges  as  a  whole  there  seems  to  be 
no  indication  of  injurious  stresses  in  the  main  truss  members  due  to 
vibration  produced  by  the  moving  load.  The  vibrations  produced  by 
the  engines  were  exceedingly  small,  and  that  due  to  the  cars,  although 
greater  in  amplitude  than  that  due  to  the  engines,  yet  it  always  took 
place  when  the  vertical  deflection  was  much  less  than  that  produced  by 
the  heavy  engines,  so  that  the  only  injurious  effects  were  those  due  to 
increasing  and  decreasing  the  stresses  at  the  rate  of  about  four  times 
per  second  now  and  then.  The  range  of  stresses,  however,  being  a  very 
uncertain  quantity. 

For  bridges  of  dimensions  and  types  similar  to  those  examined  it 
does  not  seem  necessar\^  to  add  any  material  to  the  main  truss  members 
to  provide  for  impact,  according  to  the  almost  universal  custom,  and  the 
author  is  of  the  opinion  that  the  vibration  of  bridges,  slight  as  appears 
for  these  two  bridges  and  as  large  as  Professor  Robinson  states  in  his 
paper  for  some  bridges,  may  be  entirely  destroyed  by  putting  in  the 
proper  floor  system. 

A  very  heavy  and  rigid  floor,  such  as  those  designed  to  be  ballasted 
with  broken  stone,  or  a  very  flexible  floor  hung  to  the  chord  pins,  would 
without  doubt  consume  all  impact  before  it  reached  the  main  trusses. 

The  records  of  side  motion  indicate  lateral  weakness,  and  this  is 
probably  the  case  with  all  bridges  of  this  type.     The  lateral  motion  is 
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caused,  without  doubt,  by  the  nosing  of  the  engine  and  the  moving  from 
side  to  side  of  the  track  of  the  cars  owing  to  the  widening  of  the  gauge. 
The  ordinary  adjustable  lateral  system,  designed  to  withstand  wind  only, 
is  too  light  to  resist  this  impact ;  the  solid  floor  ballasted  would  proba- 
bly overcome  this  weakness. 

At  some  future  time  it  is  hoped  that  the  device  used  in  these  experi- 
ments may  be  applied  to  bridges  of  various  spans  and  designs,  w'ith 
known  loads  moving  at  various  speeds,  as  the  writer  believes  records 
similar  to  those  exhibited  would  determine  some  points  in  bridge  design 
which  might  be  changed  with  advantage  to  the  life  and  working  of  the 
structure. 

Another  point  which  would  be  interesting  to  examine  is  the  deflec- 
tions simultaneously  of  both  trusses.  The  records  suggest  that  the  whole 
bridge  may  have  taken  a  slight  twisting  or  spiral  motion. 

The  author  wishes  to  acknowledge  the  very  courteous  assistance 
given  by  the  officials  of  the  Vandalia  System,  the  C.  C.  C.  and  St.  L,  Ry. 
Co.,  the  Pullman  Palace  Car  Co.,  the  Wagner  Palace  Car  Co.,  Baldwin 
Locomotive  Works  and  the  Pittsburg  Locomotive  Works,  and  also  for 
the  assistance  in  collectino-  and  tabulating  results  by  Mr.  M.  C.  Andrews. 
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TABLE  IV.— VERTICAL  AND  LATERAL  MOTION. 
Special  Yard  Engine  No.  19. — Vandalia  Bridge. 
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Remarks. 


)■  Engine  going  ahead. 


Engine  going  ahead  and  brakes 
api)lied  as  soon  as  on  bridge. 

Engine  backing. 

Engine    backing    and    brakes 
applied  as  soon  as  on  bridge. 


Mean    0.313    0.294       6.4 
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TABLE  VIII.— VERTICAL  MOTION  DUE  TO  PALACE  CARS. 
Pullman  Cars. — Vandalia  Bridge. 


Reference 
Number. 


Xaiue  of  Cars. 


Length  of  Car 
over  all. 


Max.  Vert. 

Def.  when  Cars 

were  Sym. 

Placed  about 

Center  of 

Bridge. 


25a 

Almond 

Zida 
Almond 

91,650 

65'  11" 

0  38 

23a 

91,650 

65'  11" 

Leixe 

94,350 

75'    5" 

034 

24a 

Clearmont 

91,650 

65'  11" 

Bala 

95,030 

75'    5" 

0.36 

51 

Clearmont 

91,650 

65' 11" 

Bala 

95,030 

75'    5" 

0.35 

8 

Clearmont 

91,650 

65'  11" 

Colon 

96,550 

75'    5" 

0.36 

42 

Leicester 

92,300 

65' 11" 

Gila 

95,030 

75'    5" 

0.33 

21 

Leicester 

92,300 

65'  11" 

Milo 

95,030 

75'    5" 

0.37 

11 

Piedmont 

•        •                •       • 

Ciny 

99,760 

75'    5" 

0.35 

21a 

Treniont 

89,375 

65'  11" 

0.38 

Cedro 

95,550 

75'    5" 



18a 

Tremont 

89,375 

65'  11" 

0.36 

Cedio 

95.550 

75'    5" 

11 

Tremont 

89,375 

65'  11" 

0.35 

Ciny 

99,760 

75'    5" 
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AX  ENCASED  STAXDPIPE  WITH  SPECIAE  PPtO VISIONS 
FOR  WIND  PRESSURE. 


By  Edward  Flad,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  June  5,  1895.*] 

Standpipes  are  constructed  in  connection  with  Water  Works  sys- 
tems in  order  to  relieve  the  pumps  and  pipe  systems  from  excessive 
variations  of  pressure,  or  else  to  provide  for  storage  of  water. 

If  the  object  is  merely  to  equalize  the  pressure,  the  standpipe  need 
seldom  be  more  than  5  or  6  feet  in  diameter,  even  for  the  larger  cities, 
and  it  should,  if  possible,  be  placed  in  close  proximity  to  the  pumping 
station.  Where  storage  of  water  is  desired,  the  standpipe  will  usually 
vary  from  10  to  30  feet  in  diameter,  and  it  may  be  placed  at  any  con- 
venient location,  proximity  to  the  pumping  station  being  of  no  particular 
advantage. 

In  the  smaller  cities  standpipes  are  usually  constructed  for  storage 
purposes,  generally  with  a  view  to  storing  sufficient  water  for  the  con- 
sumption during  the  night  hours,  permitting  of  the  banking  of  fires 
under  the  boilers,  and  reducing  the  operating  expenses. 

The  Water  Tower  at  >St.  Charles,  Missouri,  which  is  described 
herein,  was  constructed  for  storage  purposes.  The  St.  Charles  Water 
AVorks  were  built  by  a  private  corporation  under  the  franchise  plan  in 
1881,  and  wei^e  at  that  time  provided  with  an  elevated  tank  located  on 
the  site  of  the  present  Water  Tower,  about  lA  miles  from  the  pumping 
station. 

The  tank  was  of  wood,  20  feet  in  diameter  and  16  feet  high,  and 
was  supported  upon  a  brick  substructure,  20  feet  square  and  40  feet 
high.  After  having  served  its  purpose  for  the  period  of  about  eight 
years,  the  structure  collapsed,  and  from  that  time  until  the  completion 
of  the  present  tower,  the  works  have  been  operated  on  the  direct  pressure 
system. 

It  is  generally  supposed  that  the  failure  was  due  to  the  poor 
quality  of  the  brick  used  in  the  substructure,  and  to  their  gradual  dis- 
integration, owing  to  the  action  of  frost  upon  the  brick  when  saturated 
with  water  which  leaked  or  overflowed  from  the  standpipe. 

When  the  writer  was  intrusted  with  the  design  of  a  new  storage 
tank,  he  had  in  mind  a  number  of  failures  of  similar  structures,  and 
determined  to  benefit  as  far  as  possible  from  the  lesson  taught  by  such 
failures.     Out  of  twenty-five  failures  of  standpipes  referred  to  by  Prof. 

*  Manuscript  received  June  22, 1895. — Secretary,  Ass'n  of  Eng.  Socs. 
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William  D.  Pence  in  his  articles  in  the  Engineering  News,  nine 
accidents  were  presumably  due,  at  least  in  part,  to  the  formation  of  ice, 
six  being  total  failures  ;  and  six  accidents  were  due  to  the  effects  of  wind 
pressure,  one  of  the  six  being  a  total  failure. 

A  study  of  the  failures  which  have  been  recorded  leads  to  the  con- 
clusion that  where  no  serious  apparent  fault  in  the  design  had  occurred, 
when  judged  by  the  practice  of  leading  engineers,  the  failures  have  been 
due  to  one  or  more  of  the  following  causes: 

(1)  Inferior  nu\terial. 

(2)  Formation  of  ice. 

(3)  Lack  of  proper  provision  against  wind  pressure. 

If  proper  attention  is  given  to  these  three  causes  of  failure  there 
would  seem  to  be  no  reason  for  doubting  the  ability  of  the  engineer  to 
design  a  standpipe  which  would  be  as  safe  as  an  elevated  tank  or  any 
other  engineering  structure. 

(1)  In  order  to  secure  proper  material  it  is  of  course  only  neces- 
sary to  specify  distinctly  the  quality  of  material  required,  and  then  to 
insist  upon  a  rigid  and  careful  inspection,  and  full  compliance  with  the 
specifications. 

(2)  Where  the  standpipe  is  subject  to  extreme  cold  weather,  a  casing 
of  wood,  brick  or  other  suitable  material  will  usually  offer  sufficient 
protection  against  the  formation  of  large  amounts  of  ice,  but  if  neces- 
sary suitable  arrangements  for  heating  can  readily  be  introduced  in 
connection  with  the  casing. 

(3)  It  has  been  customary  to  assume  that  a  few  stiffening  angles 
and  proper  anchorage  is  sufficient  to  provide  for  wind  pressure,  the 
assumption  being  that  the  tank  will  hold  its  circular  shape.  For  tanks 
of  large  diameter,  however,  further  provision  against  wind  pressure 
Avould  seem  to  be  desirable,  in  view  of  the  many  failures  which  have 
occurred,  in  order  to  avoid  the  collapsing  of  the  upper  sections  or  the 
vibration  and  swaying  of  the  shell  which  is  liable  to  occur  during  high 
winds,  when  the  standpipe  happens  to  be  only  partly  filled  with  water. 
The  provision  for  wind  pressure  adopted  by  the  writer  will  be  set  forth 
in  the  description  of  the  St.  Charles  Water  Tower. 

The  drawings  and  photographs  herewith  show  the  design  of  the  St. 
Charles  Water  Tower  as  constructed.  The  tank  is  25  feet  in  diameter 
and  70  feet  high,  having  a  capacity  of  250,000  gallons.  It  is  encased  in 
brickwork,  a  space  of  2  feet  being  left  between  the  tank  and  the  inside 
of  the  brick  casing.  The  foundation  is  built  entirely  of  Louisville 
cement  concrete  faced  with  coursed  rubble  masonry.  The  roof  is  of 
metal  and  is  covered  with  slate  placed  upon  metal  purlins. 

The  [)lates  of  the  shell  are  of  soft  open-hearth  steel,  having  a  tensile 
strength  between  60,000  and  68,000  pounds,  and  an  elongation  of  not  less 


St.  Charles  Water  Tower. 


St.  Charles  Water  Tower. 

View  showi.vo  Steel  Tank  and  Circular  Girders  before  the  Construction 

OF  the  Brick  Casinc;  was  commenced. 
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than  26  per  cent,  in  8  inches,  and  a  reduction  of  area  at  fracture  of  not  less 
than  50  per  cent.  Specimens  were  bent  double  and  pressed  flat  without  sign 


2  X  'j  Flat  Iron 
21  Brackets  Req'd 


Elevation 


0        12       3       4       5 

Half  Section  A  B      Plan  of  Koof  and  Balcony 
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of  fracture.  There  are  nine  rings  in  the  shell,  4  plates  to  the  ring.  The 
plates  of  the  six  lower  rings  are  8'  2"  wide  and  approximately  20  feet 
lono-.  The  sheets  vary  from  i"  thick  at  the  top  to  I"  thick  at  the  bot- 
tom section. 

The  special  provision  for  wind  pressure,  which  it  is  supposed  is 
used  here  for  the  first  time,  consists  of  a  number  of  circular  girders 
placed  at  intervals  on  the  outside  of  the  tank  and  riveted  to  same. 
These  girders  are  made  up  of  angles  and  lattice  bars,  one  angle  being 
used  next  to  the  tank  and  two  angles  for  the  outer  flange  of  the  girder. 


%  IlK-ll      1    Foot 

Plan  of  Circular  Girder. 

The  brick  casing  rests  against  these  girders.  Wind  pressure  on  the 
casing  is  therefore  transmitted  to  the  standpipe  through  the  girders,  and 
these  latter  hold  the  metal  shell  in  its  circular  form  and  enable  it  to 
successfully  resist  the  stress  due  to  wind  pressure.  The  girders  therefore 
serve  the  double  purpose  of  bracing  the  shell  and  casing. 

Staudpipes  should  be  designed  to  successfully  resist  wind  pressure 
when  empty.  The  first  eflTect  of  the  wind  is  a  tendency  to  collapse  the 
shell,  destroying  the  circular  shape  of  the  standpipe,  and  the  upper 
thinner  sections  are  of  course  the  least  able  to  resist  such  action.  If 
sufficient  rigidity  is  provided  to  prevent  the  collapsing  of  the  shell,  the 
standpipe  will  act  as  a  cantilever,  the  leeward  side  being  in  compression. 
Adding  such  compressive  stress  to  the  compression  produced  at  any  sec- 
tion, by  the  weight  of  the  metal  above,  we  can  readily  calculate  the  total 
compression  on  the  windward  side. 

There  are  no  available  data,  however,  which  will  enable  us  to 
determine  how  much  compression  is  allowable  upon  a  column  10  to  20 
feet  in  diameter  aud  50  or  150  feet  high,  built  of  thin  sheet  metal. 

The  thickness  of  the  metal  in  the  shell  required  to  resist  collai^sing, 
could  be  approximated  by  assuming  a  section  contained  between  two 
horizontal  planes  a  foot  or  more  apart,  and  calculating  the  semi-circular 
strip  on  the  windward  side  as  an  arch.  Such  calculations  would  show 
that  the  upper  sections  of  our  staudpipes  should  be  built  with  consider- 
ably thicker  plates  than  has  usually  been  customary. 
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By  introducing  horizontal  circular  girders  at  short  intervals  we  pro- 
vide an  economical  method  for  holding  the  tank  circular  and  preventing 
the  collapsing  of  the  shell,  on  the  windward  side,  and  at  the  same  time 
resolve  the  standpipe  into  a  series  of  short  columns,  the  compressive 
resistance  of  which,  under  the  cantilever  action,  may  be  assumed  to 
more  closely  approximate  the  crushing  strength  of  the  material. 

These  circular  girders  on  the  standpipe  hold  a  position  similar  to 
that  occupied  by  the  stifFeners  on  the  web  of  a  plate  girder. 

As  the  casing  is  braced  laterally  by  the  girders  and  metal  shell, 
the  brickwork  is  not  required  to  be  self-supporting,  except  so  far  as  the 
dead  load  is  concerned,  and  may  therefore  be  made  very  light.  The 
brickwork  for  the  casing  of  the  St.  Charles  standpipe  was  made  only  13 
inches  thick  for  the  lower  40  feet  and  9  inches  thick  for  the  upper  30 
feet.  The  pilasters  and  arches  were  introduced  merely  for  architectural 
effect. 

An  inclined  ladder  is  provided  between  the  metal  shell  and  casing, 
with  a  landing  at  each  girder,  so  as  to  make  the  structure  of  easy  and 
safe  access  for  inspection  and  repairs. 

There  are  two  12  inch  water  connections  to  the  standpipe  at  the 
bottom,  placed  so  as  to  be  easily  accessible.  They  enter  the  standpipe  at 
the  side  and  are  housed  in  for  protection  against  frost.  Both  of  the-e  lead 
to  the  same  water  main.  The  connection  through  which  the  water 
enters  the  standpipe  passes  up  into  the  standpipe,  discharging  at  an 
elevation  of  40  feet  above  the  base.     The  other  connection  terminates 
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at  the  bottom  of  the  standpipe,  is  provided  with  a  check  valve  and 
serves  as  an  outlet  for  the  wat«r  when  there  is  less  than  40  feet  of  water 
in  the  standpipe.  Witli  this  form  of  connection  the  full  capacity  of  the 
tank  is  utilized  for  storage,  and  still  a  sufficient  pressure  is  insured  for 
fire  purposes  whenever  the  pumps  are  operated. 

A  high  water  alarm  is  jjrovided,  consisting  of  a  float  which  actuates 
a  lever  and  makes  an  electric  contact,  ringing  an  alarm  bell  at  the 
j)umping  station  whenever  the  water  reaches  within  3  feet  of  the  top  of 
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the  tauk.     A  single  wire  is  used,  the  current  being  returned  through 
the  water  main. 


& 


^2^ 


Hard  Rubber  Plate '/ir,  thick 


5^  Diam. 


mo  ;C  (?: 


Plirii  with  Top  Ktinoved 
Spriiitr  of  Bronze  AVire 


:ni!4" 


Hi(;h  Watkr  Alarm. 

The  method  used  in  erecting  the  shell  is  well  shown  in  the  photo- 
graph. A  light  scaffold  was  built  inside  of  the  tank,  and  a  cage  swung 
on  the  outside,  the  plates  being  raised  with  the  aid  of  a  jin-pole.  A 
forge  was  placed  on  the  cage  and  the  rivets  were  driven  from  the  inside. 

After  the  bottom  section  was  riveted  together  it  was  tested  with 
water  and  made  tight  and  was  then  lowered  upon  tiie  concrete  bed  which 
had  been  previously  leveled  and  smoothed  with  a  trowel.  Portland  cement 
grouting  was  then  introduced  between  the  top  of  the  foundation  and  the 
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bottom  of  the  tank,  17-11"  holes  having  been  provided  in  the  bottom  for 
this  purpose.     These  holes  were  afterwards  fitted    with   screw   plugs. 


Anchorage  Connections 

Radius  Ux7>j' 


Anchor  Bolts  1]4^  6  6  long 

^1"        8  Required 

Jft     Cast  Plate  IS'squard 


The  sheets  of  the  bottom  were  lap-welded  and  the  rivet  heads  were  not 
countersunk. 

After  the  iron  work  was  completed  the  brick  casing  w^as  erected 
with  the  aid  of  exterior  scaffold. 

The  foundation  rests  on  good  stiff  clay,  the  maximum  pressure  on 
which  is  about  3,700  pounds  per  square  foot,  which  obtains  when  the  tank 
is  full  of  water. 


•/'li  Holes  in  rafters  21  ocntcrs  to 
Bolt  on  Strips 


One  Iiieli=.'{  Fett 

The  Chicago  Bridge  &  Iron  Co.  were  contractors  for  the  iron  work, 
which  was  completed  in  March  1895,  water  l)eing  admitted  for  the  first 
time  on  the  23d  of  ^Nlarch. 

The  cost  of  the  tower  was  as  follows  : — 
Steel  Standpipe,  including  girders  and  iron  w(jrk  .         .         .  84-,450  00 

Brick  Casing 2,807  00 

Foundations  .........        677  63 


Total  Cost 


.  $7,934  63 
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SOME  FACTS  CONCERNHSTG  DRAWING  FOR  ENGINEERS. 


By  Frank  Aborn,  Member  of  the  Civil  ExarNEERs'  Club  of  Cleveland. 


[Read  June  11,  1894.*] 

Stxce  acceptintr  the  invitation  of  your  coniinittee  to  read  a  paper 
on  drawing,  the  idea  hsis continued  to  grow  upon  me  that  I  was  "carry- 
ing coal  to  Newcastle."  Skill  iu  drawing  is  a  prime  foctor  in  the 
engineer's  equipment.  It  is  in  hourly  requisition  in  his  daily  work. 
How  can  I  tell  him  anything  new  concerning  it? 

These  are  the  conditions  that  have  confronted  me  in  preparing  this 
paper  ;  and,  because  of  them,  I  have  chosen  to  discuss  the  beginnings 
rather  than  the  ends  of  acquisition,  feeling  that  constant  users  of  draw- 
ing will  more  readily  understand  and  take  more  interest  in  discussing  a 
few  facts  concerning  the  ])rocess  of  learning  than  they  might  in  anything 
I  could  say  about  its  application. 

In  discussing  this  subject  the  great  difficulty  is  to  keep  in  sight  the 
simple  fact  that  drawing  is  purely  a  descriptive  agvnt.  This  is  the  one 
fact,  that,  in  this  connection,  should  never  be  forgotten.  Kept  in  view, 
profitable  discussion  is  possible,  and  once  finding  lodgment  in  the 
learner's  mind,  the  acquisition  of  skill  in  drawing  is  only  slightly  less 
certain  and  rapid  than  learning  to  walk  or  to  talk. 

Drawing  is  precisely  analagous  to  verbal  language,  except  iu  the 
scope  of  its  application,  but,  within  its  own  peculiar  limits,  it  is  much 
clearer  and  more  concise.  Drawings  are  only  essays  in  lines,  which  have 
the  advantage  over  written  essays  in  that  they  require  less  time  in 
execution  and  may  be  read  at  a  glance  even  by  the  uninitiated. 
Draw'ing  is  the  natural  Volapiik.  Everything  may  be  described  in 
words;  but  certain  classes  of  ideas,  mostly  those  of  form,  may  be  more 
concisely  as  well  as  more  completely  expressed  in  lines.  And  to  read 
verbal  essays  one  must  be  familiar  with  the  language  in  which  they  are 
written,  while  drawing  may  be  read  with  the  same  facility  regardless  of 
nationality.  These  are  impoitant  advantages,  but  the  most  important 
of  all  is  the  ease  and  rapidity  with  which  drawing  may  be  read. 
To  realize  how  great  this  advantage  is,  it  is  only  necessary  to  imagine 
oneself  attempting  to  read  the  descriptions  of  two  similar  mechanical 
devices,  one  of  which  is  iu  drawing  and  the  other  is  in  writing.  Both  are 
ecjually  complete  and  exact;  but  what  a  diflference  in  the  time,  strength 
and  capability  required  to  read  and  comprehend  their  respective  mean- 
ings i  The  drawing  may  be  read  easily  by  most  anyone,  while  to  read 
the  written  description  requires  time,  close  attention,  and,  above  all,  a 
mental  training  of  an  unusually  high  order. 


*  Manuscript  received  June  26,  1895. — Secretary,  Assn  of  Eng.  Socs. 
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Looking  at  drawing  from  this  standpoint,  and  regarding  it  as 
merely  a  means  of  expression,  puts  us  on  common  ground;  and  now,  if 
you  will  pardon  mo,  I  would  like  to  remind  you  of  something  else  that 
you  are  entirely  familiar  with,  but  which  it  is  necessary  to  mention  in 
order  that  I  may  put  myself  in  complete  touch  with  you:  I  refer  to  the 
application  of  drawing  in  practice.  Let  me  call  to  your  minds  the  part 
drawing  plays  in  the  development  of  any  new  engineering  enterprise. 
First,  there  is  the  general  conception  of  the  way  a  given  end  is  to  be 
attained.  Then  comes  a  series  of  preliminary  sketches,  the  chief  func- 
tion of  which  is  to  assist  in  crystallizing  the  thought.  After  this  comes 
more  precise  drawing.  Everything,  at  this  point,  is  exactly  placed. 
Kelations  of  parts  are  determined,  sizes  are  established  and  interferences 
are  avoided.  Nothing  more  can  be  done  preparatory  to  actual  construc- 
tion except  to  lift  the  picture  out  of  the  working  drawings,  so  far  pre- 
pared, and  by  thus  showing  how  the  device  will  appear  when  completed, 
make  it  clear  where  changes  may  be  made  which  will  secure  greater 
economy  of  space  or  improve  the  general  appearance.  The  final  set  of 
drawings  is  now  made,  including  as  many  illustrative,  detail  sketches  as 
will  reduce  the  chances  for  misunderstanding  and  the  necessity  for  verbal 
explanation  to  a  minimum. 

Such  procedures  involve  two  kinds  of  drawing,  one  of  which  de- 
scribes dimensions  and  the  other  expresses  appearances.  Both  kinds  of 
drawing  are  in  constant  requisition  in  all  varieties  of  construction  work. 
Final  drawings  of  both  kinds  must  be  instrumental,  otherwise  they  can- 
not be  sufficiently  exact.  But  preliminary  sketching,  the  thought- 
requiring,  thought-provoking  and  thought-developing  drawing,  is  almost 
exclusively  free-hand. 

The  well-rounded  draughtsman,  then,  must  have  command  of  both. 
He  must  be  able  to  describe  form  pictorially  as  well  as  in  dimension 
and  have  the  capacity  to  express  himself  promptly,  clearly  and  con- 
cisely both  instrumentally  and  free-hand.  But  such  draughtsmen  are 
rare.  All  can  execute  dimension  drawings,  wliile  very  few  have  full, 
ready  command  of  pictorial  expression. 

In  light  of  the  fact  that  what  are  called  mechanical  draughtsmen 
are  to  be  met  with  on  every  hand,  while  persons  possessed  of  practical 
conimand  of  free-hand  pictorial  skill  are  rarely  found,  it  would  seem  a 
hazardous  statement  to  say  that  pictorial  skill  is  the  easier  of  attain- 
ment, or  that  it  is  primary  to  command  of  dimension  drawing,  but  such 
are  the  facts.  Free-hand,  i)ictorial  skill  may  be  acquired  in  less  time 
than  any  other  form  of  drawing,  and,  being  acquired,  all  other  varieties 
of  drawing  are  mastered  with  the  least  expenditure  of  time  and  effort. 
Indeed  free-hand  skill  so  prepares  the  way  that,  if  mastered,  ortho- 
graphic projections,  isometric,  perspective  and   all  the  draughtsman's 
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arts  are  understood  iustantly  they  are  presented.  The  reason  for  this, 
as  Avell  as  the  proof  that  it  is  so,  will  readily  appear  if  inquiry  is  made 
into  the  cause  of  the  present  condition. 

A  very  brief  investigation  will  show  that  it  is  due  to  an  illusion 
regarding  pictorial  drawing  and  the  absence  of  illusion  regarding  dimen- 
sion drawing.  To  comprehend  the  full  force  of  this  fact,  to  understand 
what  a  part  it  plays  in  hindering  the  acquisition  of  skill,  and  to  appre- 
ciate how  simple  and  straightforward  both  teaching  and  learning  to 
draw  will  be,  when  illusion  is  dispelled,  it  will  be  only  necessary  to  make 
some  inquiry  into  howweseeand  determine  what  constitutes  resemblance. 

Seeing  consists  in  recognizing  the  fact  that  similar  optical  sensations 
are  derived  from  similar  sources.  One  object  is  recognized  to  be  a  horse 
and  another  to  be  a  man,  because  the  optical  sensation  derived  from  each 
is  similar  to  that  we  remember  to  have  experienced  before,  and  to  have 
proven  to  have  been  derived  from  a  horse  or  a  man,  as  the  case  might  be. 
So  infallible  is  this  rule,  that  all  things  are  alike  from  which  similar  optical 
sensations  are  derived,  that  the  thought  of  an  exception  has  no  natural 
excuse.  But  there  is  a  very  common  exception  to  the  rule,  which  is  met 
in  every  picture  that  is  seen.  A  picture  is  a  picture  of  an  object  only 
when  the  optical  sensation  it  gives  rise  to  is  similar  to  that  to  be  derived 
from  the  object  itself  and  there  is  nothing  to  suggest  that  there  is 
any  important  difference  between  them.  But  there  is  a  very  radical 
difference,  and  failure  to  properly  appreciate  it  is  the  prime  cause  of  all 
the  difficulty  every  one  experiences  in  learning  to  draw.  It  causes  effort 
to  draw  to  be  invariably  misdirected.  It  insures,  that,  for  a  longer  or 
shorter  time,  at  the  outset  of  learning,  in  each  individual  case,  every 
thought,  every  observation  and  every  act  shall  be  from  a  wrong  point  of 
view  and  on  entirely  inistaken  premises.  And  this,  too,  in  the  most 
unshakable  confidence  in  the  correctness  of  both,  but  more  or  less  dis- 
trust of  personal  capability  to  execute. 

Before  intelligent  effort  is  possible,  all  this  must  be  changed.  The 
beginner  in  drawing  must  be  brought  to  doubt  everything  but  his  own 
power  to  learn.  He  must  be  brought  to  question  his  understanding  of 
conditions  and  requirements  and  to  doubt  the  truth  of  his  premises:  but 
not  to  lose  faith  in  himself  or  in  his  powers  to  gain. 

Whether  the  individual  is  learning  dimension  or  pictorial  drawing, 
in  one  particular,  at  least,  does  not  matter.  Progress  in  the  attainment 
of  skill  in  any  direction  is  entirely  dependent  upon  the  dawn  of  intelli- 
gence, and  this  is  impossible  in  the  presence  of  illusion.  With  regard  to 
the  hand,  the  pencil,  or  the  paper,  or  the  slate,  in  the  elementary  stages, 
all  that  is  required  is  that  they  shall  be  capable  of  making  and  taking 
marks  that  can  be  easily  seen.  The  prime  factor  is  intelligence.  When 
any  one  comprehends  that  all  drawing  is  descriptive,  in  the  same  sense 
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that  writing  is  descriptive,  the  drawing  of  lines  will  be  undertaken  with 
a  clear  understanding  of  what  their  true  function  is.  As  the  under- 
standing becomes  more  fully  developed,  discrimination  will  become  more 
and  more  acute  ami  the  demand  will  be  created  for  finer  and  finer  exe- 
cution, which  will  induce  the  successful  effort  to  devise  ways  and  means 
of  meeting  it. 

Ruskiu  has  somewhere  said  to  this  effect :  ''  To  learn  to  draw,  one 
must  come  to  look  at  things  with  his  natural  eyes."  That  is  to  say,  he 
must  look  at  things  not  as  objects,  but  as  surfaces,  as  the  child  looks  at 
the  sky  at  night,  seeing  all  the  stars  as  so  many  sparks  on  a  plane, 
rather  than  as  so  many  distinct  bodies  and  systems  at  varying  distances 
from  us.  Every  one  does  this  in  dimension  drawing,  but  no  one  does 
it  in  pictorial  drawing.  If  they  did,  present  conditions  would  be  the 
reverse  of  what  tiiey  are,  and  every  one  would  learn  pictorial  drawing 
without  difficulty,  and  learning  dimension  drawing  would  be  child's  play 
to  what  it  is  now.  For  when  any  one  perceives  the  dissimilarity  between 
picture  and  object  he  will  intelligently  approach  all  delineative  prob- 
lems because  his  point  of  view  can  never  be  mistaken  nor  his  aim  ever 
be  wrong  or  uncertain. 

Much  has  been  and  still  is  said  about  "  talent"  in  drawing,  mean- 
ing thereby  that  there  is  a  certain  quality  of  mind  necessary  to  its  attain- 
ment. Whether  all  people  may  become  true  artists  need  not  be  dis- 
cussed here;  but  that  peculiar  "talent"  is  required  in  the  acquisition  of 
practical  skill  in  pictorial  drawing,  such  as  would  admit  of  its  being 
used  as  freely  and  readily  as  writing,  has  not  the  slightest  foundation  in 
fact.  That  such  skill  is  not  common  proves  nothing.  Learning  to 
draw  is  a  question  of  state  of  mind  and  not  of  quality.  Practi- 
cal command  is  within  the  reach  of  every  one.  It  may  be  sj)eedily 
acquired  by  whoever  will  assume  and  maintain  the  proper  point  of 
view.  Whether  any  one  attains  to  art  is  dependent  upon  conditions 
similar  to  those  which  maintain  in  literature.  The  great  question  in 
drawing,  as  in  writing,  is  place.  Is  the  line  in  the  place  to  most  effectively 
express  the  idea?  is  no  less  an  important  (piestion  than  is  the  sequence 
of  sentences  in  writing  and  speaking.  This  way  of  looking  at  it  sinq)li- 
fies  every  phase  of  drawing.  Nothing  could  be  more  straightforward, 
but,  unfortunately,  few  things  are  so  generally  misapprehended.  To  see 
how  deep-rooted  this  misapprehension  is  it  is  only  necessary  to  observe 
how  loose,  baseless  and  sentimental  most  of  the  talk  is  that  is  used  in 
this  connection.  Advocates  of  drawing  have  a  good  deal  to  say  about 
art,  for  instance,  which  is  as  much  out  of  place  in  this  connection  as  it 
would  be  to  talk  about  art  in  literature  in  connection  with  learning  to 
read  before  the  ability  to  express  one's  self  intelligibly  in  words  has  been 
established.     There  is  a  tjood  deal  of  generalization  indulged  in  to  the 
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effect  that  learning  to  draw  induces  tlie  exercise  of  all  the  cardinal  vir- 
tues. Mere  sentimental  jrush,  which  is  belied  by  the  lives  of  most  of 
those  who  should  be  its  chief  exponents,  who,  so  far  as  I  know,  are  no 
more  cleanly,  orderly  or  moral  than  other  j)eople.  Such  ceaseless  exag- 
geration does  no  good,  but  actually  harm.  It  tends  to  bring  into  disre- 
pute what  in  truth  is  a  most  hard-headed,  practical  tool,  not  only  as  a 
means  of  expression,  but  as  a  means  of  developing  a  broader  and  better 
command  of  the  intellectual  faculties.  Such  effervescence  tends  to  belit- 
tle the  subject  itself;  but  there  is  another  class  of  expressions  in  common 
use  that  are  at  least  unfortunate  in  that  while  they  are  not  exactly 
false  they  are  not  wholly  true,  and,  if  not  actually  misleading,  they  do 
not  contribute  to  dispelling  illusions  nor  the  evidence  of  misdirected 
effort.  For  example,  lines  are  commonly  regarded  as  comparable  with 
letters,  and  for  this  reason  instruction  in  drawing  uniformly  begins  with 
practice  in  line-making  in  some  form,  however  it  may  be  disguised. 
This  is  a  mistake.  Drawing  is  a  language,  it  is  true,  and  it  is  impossi- 
ble to  have  any  just  conception  of  it  except  from  this  standpoint.  But 
the  statement  so  often  met  with  that  drawing  is  a  language  of  which 
the  straight  and  curved  line  are  the  alphabet,  is  utterly  iucoriect  and 
misleading,  notwithstanding  it  is  the  view  held  by  Dr.  Hairis,  Commis- 
sioner of  Education,  and  many  others. 

Drawing  is  a  natural  language,  like  speaking,  and  has  no  alphabet. 
Letters  are  mere  arbitrary  symbols,  fixed  in  their  form,  while  lines  are 
variable.  Not  subject  to  caprice,  however,  but  changing  both  in  form 
and  character  with  every  modilicatiou  of  the  point  of  view,  precisely  as 
the  form  and  construction  of  sentences  change  under  similar  circum- 
stances. Even  the  shortest  line,  a  point,  is  a  full  sentence.  It  is  in 
every  way  equivalent  to  "  It  is  here."  It  expresses  a  fact  of  position  as 
completely  and  more  concisely  than  could  be  done  in  words.  A  line  of 
more  than  one  point  expresses  position,  direction  and  distance.  It  is,  at 
least,  the  equivalent  of  "  This  is  the  direction  and  distance  between  two 
points."  Whether  a  line  is  rough  or  smooth,  straight  or  crooked,  is 
secondary.  Whether  it  is  most  effectively  placed  is  primary.  There 
are  also  other  forms  of  expi'ession  in  common  use  in  this  connection, 
^vhich,  though  they  do  not  actually  befog  the  mind,  do  not  contribute 
to  clarifying  the  intellectual  atmosphere. 

It  is  common  to  say  that  an  object  is  drawn,  meaning  that  it  is 
delineated.  But  such  a  statement  cannot  be  true.  An  object  can  no 
more  be  drawn  than  it  can  be  written.  As  an  object  may  be  written 
about,  so  it  may  be  drawn  about.  A  picture  may  be  drawn,  but  not  an 
object.  A  picture  can  have  but  two  dimensions,  while  every  object  must 
have  three.  It  is  also  common  to  say  that  the  object  is  looked  at  when 
it  is  drawn,   but  this,  too,  is  incorrect.     In  drawing,  the  iatelligeutly 
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directed  eye  does  not  direct  itself  af  the  object,  but  beijond  or  by  it,  a 
fact  which  will  be  further  explained  farther  on. 

As  I  understand  it,  the  engineer  values  drawing  exactly  in  propor- 
tion as  he  is  able  to  use  it  supplementary  to  verbal  language.  He 
desires  the  ability  first  to  express  himself  in  it  as  freely  as  he  does  in 
writing.  He  cares  no  more  what  effect  the  general  possession  of  such 
skill  among  the  masses  might  have  upon  art  than  he  does  what  effect  a 
new  invention  is  going  to  have  on  an  older  one.  What  he  desires  is 
command  of  a  tool  which  will  enable  him  to  accomplish  more  with  less 
effort.  To  this  end,  the  established  systems  of  teaching  drawing  have 
been  proven  totally  inadequate.  Their  whole  reliance  is  based  upon 
doing  or  executing  a  certain  number  of  prescribed  things  with  a  certain 
degree  of  precision.     They  are  ponderous,  stupid  and  inefficient. 

That  the  average  individual  does  not  gain  possession  of  this  tool 
language  by  himself  is  plain.  And  that  the  teacher  can  only  help  him 
to  do  so  in  proportion  as  he  himself  understands  the  requirements  of  the 
case,  and  knows  how  to  meet  them,  goes  without  saying.  It  is  manifestly 
not  enough  that  the  individual  goes  through  a  given  series  of  executions, 
for  if  it  were,  every  grammar-school  pupil  would  be  able  to  draw  any- 
thing. The  simple  use  of  drawing,  as  is  now  so  general,  with  a  view  to 
securing  greater  efficiency  by  means  of  correlation,  is  also  unproductive 
of  proper  understanding  and  is  unproductive  in  the  very  large  majority  of 
cases  Drawing  from  objects  most  carefully  selected,  and  with  the 
assistance  of  criticisms  from  those  who  know,  may  fail  for  reasons  which 
I  shall  explain  farther  on.  A  knowledge  of  perspective  is  everywhere 
proven  to  be  inadequate.  If  it  were  not  thus,  every  student  of  descrip- 
tive geometry  would  be  an  all-round  draughtsman,  and  they  are  not. 
Modeling  in  clay  will  not  develop  a  command  of  pictorial  drawing ;  if 
it  would,  every  modeler  and  carver  would  be  a  draughtsman  in  the  best 
sense,  and  they  are  not. 

So  much  is  preliminary  ;  but  it  has  been  necessary  in  order  that 
common  ground  between  us  may  be  assured.  The  real  facts  which  I 
most  desire  to  make  clear  are  so  infinitesimal  and  yet  so  perfectly  plain 
to  be  seen,  that  they  are  uniformly  overlooked,  as  I  overlooked  them  for 
many  years,  expecting  to  find  something  deep,  intricate,  or  obscure.  But 
so  plain  and  simple  are  the  steps  in  learning  to  draw  that  the  only  mar- 
vel is  that  they  need  even  to  be  suggested.  Yet  so  long  a  chase  have 
they  led  me  and  so  difficult  do  I  find  it  to  make  myself  understood  that 
I  have  trespassed  on  both  your  time  and  your  patience.  But  the  rest 
is  soon  told. 

Allow  me  at  this  point  to  remind  you  of  a  few  simple,  commonplace 
facts.  The  first  of  these  facts  is  that  nothing  can  be  seen  except  it  hide 
something  else  from  view.     For  example,  I  could  not  be  seen  by  you  now 


SOME  FACTS  CONCERNING  DRAWING  FOR  ENGINEERS.       547 

were  it  not  for  the  fact  that  I  prevent  your  seeing  some  of  the  wall 
behind  me.  If  the  button  on  my  coat  did  not  hide  some  of  the  coat 
it  could  not  itself  be  seen.  If  my  hand  did  not  hide  a  part  of  my  body 
it  would  not  be  visible.  And  if  my  thumb  did  not  prevent  some  of  my 
hand  being  seen  by  you  it  could  not  be  known  that  I  had  a  thumb. 

If  then  you  were  to  make  a  picture  of  me,  at  this  time,  you  would 
not  draw  me  but  my  silhouette.  If  you  were  to  make  a  picture  of  the 
button  on  my  coat  you  would  not  draw  the  button,  but  the  shajie  that 
the  button  hides.  To  one  this  hidden  shape  would  be  almost  if  not  quite 
a  straight  line,  to  another  it  would  be  an  ellipse,  while  to  still  another  it 
would  be  a  circle,  and  no  one  would  look  at  the  button  while  describing- 
it,  but  he  would  look  beyond  it.  Likewise  with  my  hand,  in  no  case 
would  it  be  drawn,  but  the  shape  that  it  hides  ;  or,  speaking  more  exactly, 
the  base  of  the  pyramid  of  rays  of  light  reflected  from  the  hand  to  the 
eye  would  be  drawn. 

It  will  be  seen  from  this  that  the  ability  to  draw  is  not  dependent 
upon  the  possession  of  any  modicum  of  knowledge,  neither  is  it  depen- 
dent upon  any  peculiar  quality  of  brain,  but  it  does  depend  upon  the 
absence  of  all  illusion  and  a  clear,  unclouded  intelligence  regarding 
requirements.  In  other  words,  learning  to  draw  is  dependent  upon  a 
state  of  mind.  To  get  into  this  state  of  mind  is  the  business  of  the  learnei-, 
and  to  induce  this  state  of  mind  is  the  duty  of  the  teacher.  It  is  not 
enough  that  this  or  that  has  been  done,  it  is  not  enough  to  draw  fine  lines, 
make  fine  executions,  nor  to  draw  from  the  antique. 

The  acquisition  of  skill  in  drawing  is  precisely  similar  to  all  other 
processes  of  development.  It  is  not  unlike  the  development  of  an  inven- 
tion. It  consists,  first,  in  a  struggle  for  comprehension.  Nothing  is 
polished  or  finished  until  it  is  fitted,  nothing  is  fitted  until  it  is  located, 
and  manufacture  is  not  begun  until  everything  else  is  done.  Develop- 
ment and  manufacture  cannot  be  successfully  carried  on  simultaneously 
in  anything,  particularly  anything  educational.  Every  drawing  mu^t 
be  made  for  one  of  two  purposes,  it  must  be  a  means  or  a  product  or  end. 
In  proportion  as  it  seeks  to  be  both  it  fails  in  both.  If  a  drawing  is  a 
means,  it  can  have  no  value,  if  it  is  an  end  it  is  much  for  itself,  or  a  part 
of  something  else,  and  has  more  or  less  value  according  to  the  con- 
dition of  the  market.  Learning  to  draw  is  an  educational  or  developing 
process,  the  drawing  of  every  line  is  done  with  a  view  to  an  end  which 
lies  outide  of  the  doing  or  the  line.  In  the  beginning  stages  it  is  a  means 
of  correcting  the  understanding  of  requirements,  after  that  it  becomes  a 
means  of  improving  the  power  of  discrimination.  Then  it  becomes  a 
means  of  expressing  ideas,  and,  finally,  it  is  the  means  of  emotional 
expression  and  culture.  It  is  a  perfectly  direct  highway,  unmistakable 
as  a  turnpike  when  once  seen,  passing  without  tleviation,  tVom  intelligence 
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to  culture  throuuli  tlie  conscious  exercise  of  power.  Whether  the  aim  or 
destination  is  power  or  culture,  the  ways  and  means  are  in  nowise 
affected. 

The  first  step  in  development  is  to  dispel  all  allusion  regarding  the 
relation  between  picture  ami  object.  This  is  best  done  objectively,  but 
it  is  a  delicate  operation.  If  it  is  done  right  the  result  is  favorable,  quiet 
and  certain.  I  will  not  burden  you  with  the  details  of  a  complete 
course  as  I  would  lay  it  out  for  children,  but  will  suppose,  if  I  may,  that 
there  were  some  of  you  who  cannot  draw-  pictorially,  and  that  I  wished 
to  illustrate  how  you  might  be  taught.  I  would  choose  some  object  that 
could  be  so  placed  that  in  some  one  respect  there  would  be  a  marked 
case  of  foreshortening,  bringing  out  the  strongest  possible  contrast  be- 
tween the  pictorial  and  actual  relations  of  parts. 

I  might  select  a  chair  for  the  purpose,  and 
place  it  where  its  back  would  be  foreshortened, 
as  shown  in  Fig.   I.     The  class  being  now  in- 
structed to  draw  something  that  would  show 
how  they  see  the  chair  from  where  they  sit,  the 
result  would  no  doubt  resemble  Fig.  'I.     Each 
^  of  these  results  would  be  an  exact  exposition  of 
1    the  state  of  mind  regarding  the  requirements  of 
^'o-  !•  drawing,  of  the  individual  who  made  it.     And 

what  the  effect  of  making  it  may  be  depends  upon  how  I,  as  the  instruc- 
tor, proceed.  What  I  do,  in  this  capacity,  depends 
upon  the  purpose  I  have  iu  view.  If  I  desire  an  im- 
mediate result  I  criticise  the  execution  and  the  con- 
dition and  quality  of  the  pencil  and  paper,  as  well  as 
point  out  errors  and  suggest  errors  in  the  drawing. 
Learning  to  draw  under  such  management  will  be 
exceedingly  slow  and  very  doul)tful.  If  I  wish  to 
concentrate   my  forces,  and    bring  out   errors   with  Fig.  2. 

effect,  the  nninlier  of  different  ways  I  might  proceed  depends  upon   my 

ingenuity.  For  instance,  by  laying  a  stick 
across  the  rail  of  the  back  of  the  chair,  as 
shown  in  Fig.  3,  and  by  thus  calling  atten- 
tion to  where  it  is  seen,  and  making  it  clear 
that,  because  the  stick  is  seen  and  should  be 
drawn  higher  in  the  picture  than  the  back 
of  the  chair-seat,  makes  it  clear  that  the  rail, 
itself,  since  it  touches  the  stick  should  also 
be  drawn  higher  than  the  back  edge  of  the 
chair-seat.  Or,  the  same  end  might  be  secured 
in  a  simpler  way.  It  might  be  done  by  simply  calling  attention  to  the  fact 
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that  the  spindles  of  the  chair-back  are  seen  below  the  I'ail  while  they  have 
been  described  above  it.  It  may  be  brought  out,  in  this  connection, 
that  describing  the  spindles  above  rather  than  below  the  rail  is  a  false- 
hood. But,  however,  it  is  done  it  is  ineffective  or  rather  insufficient. 
Objects  may  be  described  over  and  over  again  and  there  will  remain  a 
large  number,  if  not  a  majority,  who  do  not  learn.  If,  however,  my 
purpose  is  to  come  at  the  cause  of  error  and  make  that  clear,  rather 
than  to  point  out  the  error,  I  shall  make  use  of  the  back-ground.  In 
every  case  I  shall  ask  him  to  show  me  what  the  misplaced  part  hides. 
This  he  will  do  instantly.  He  will  then  comprehend  where  it  should 
have  been  placed  and  why  he  failed  to  place  these.  In  the  present  case 
I  should  ask  the  pupil  if  he  could  see  the  whole  of  the  top  of  the  chair- 
seat.  If  he  answered  yes  I  should,  by  making  chalk  marks  on  the  chair- 
seat  that  I  would  know  to  be  hidden  to  him,  bring  him  to  see  that  he 
could  not  see  the  whole  of  it  and  what  prevented.  There  is  no  one  so 
dull  of  comprehension  that  he  cannot  comprehend  this,  and  very  pres- 
ently any  one  will  come  to  understand  the  cause  of  their  errors  and 
avoid  them.  They  are,  then,  intelligent.  But  intelligence  is  not  enough. 
Skill  is  what  is  wanted.  The  ability  to  describe  what  can  be  seen  is 
only  the  entering  wedge.  Engineers  do  not  draw  for  fun.  It  is  busi- 
ness with  them  and  business  rarely  if  ever  requires  them  to  describe 
what  is  present  and  visible.  Such  things  are  their  own  best  exponent, 
drawing  about  them  is  not  called  for.  What  the  engineer  requires  is 
power,  which  is  the  ability  to  describe  absent  objects  or  things  that 
exist  only  in  his  imagination. 

As  soon,  then,  as  intelligence  is  established,  the  exercise  of  the 
imaginative  faculties  should  be  taken  up  and  vigorously  pursued  ;  be- 
ginning with  the  description  of  present  objects  from  imaginary  and  in- 
accessible points  of  view  and  proceeding  to  pure  invention. 

But  approximate  work  will  not  do.  The  discriminating  sense  must 
now  be  developed.  The  subject-matter  in  this  case  must  be  such  as  will 
demand  the  closest  observation  of  relations,  at  the  same  time  it  must 
have,  in  itself,  such  an  interest  for  the  student  as  to  enlist  and  hold  his 
constant  and  undivided  endeavor.  Such  a  subject  for  study  is  the 
human  head  from  life.  Nothing  else  is  so  fascinating,  so  exciting,  so 
instructive  or  more  cultivating. 

In  all  work,  when  rightly  aimed,  there  is  a  natural  constantly  in- 
creasing demand  for  better  execution.  At  the  proper  time,  in  the  place 
and  in  the  proper  degree,  technique  will  have  its  proper  attention. 
But  it  cannot  economically  precede  intelligence  nor  take  the  place  of 
power. 
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It  is  proposed  to  notice  briefly,  in  this  department  of  tlie  Journal,  such  engineering  publications 
as  may  find  their  way  to  our  shelves. 

Publishers  are  requested,  in  sending  works  for  review,  to  state  the  prices  of  same. 


Motive  Powers  and  their  Practical  Selection.     B.v   Reginal  Bolton. 
London  and  New  York  :  Longmans,  Green  &  Co.     257  pages. 

The  author  lias  set  liimself  the  task  of  compiling  in  convenient  form  the  data 
and  formulae  which  bear  upon  the  selection  of  a  motive  power  suited  to  the  condi- 
tions of  any  particular  case,  and  of  arranging  these  in  convenient  shape  for  reference 
by  engineers  or  ready  comprehension  by  the  non-technical.  The  work  has  been 
well  done,  and  the  only  wotider  is  that  it  has  not  been  done  before,  as  it  must  prove 
of  great  value  and  economy  to  those  contemplating  the  use  of  power. 

The  author  first  discusses  the  primary  considerations  as  to  the  various  sources 
of  motive  power  and  their  availability,  and  then  devotes  separate  chapters  to  man- 
ual, animal,  wind,  water  and  steam  power,  as  well  as  to  electricity  and  to  gas 
engines.  For  each  of  these  rules  are  given,  which  permit  of  calculating  the  size  of 
machine  required,  the  cost  of  working  and  the  relative  economy  under  various  con- 
ditions. There  are  a  number  of  valuable  tables,  showing  how  the  comparisons 
may  be  made,  and  the  results  are  given  both  in  pounds  sterling  and  in  dollars. 


Note. — This  notice  is  contributed  by  tlie  Western  Society  of  Engineers,  to  which  the  author 
has  Icindly  sent  a  copy  of  his  book. 


(550) 


Association 

OF 

Engineering  Societies. 

Vol.  XIV.  JANUARY,    1895.  No.  1. 


PROCEEDINGS. 


Engineers'  Club  of  St.  lionis. 


409th  Meeting,  January  2,  1895.— President  Russell  c;illed  the  Club  to 
order  at  <S.05  P.M.,  at  1600  Lucas  Place.  Twenty-two  members  and  live  visitois 
were  present. 

The  minutes  of  the  407th  and  408th  meetings  were  read  and  approved.  The 
Executive  Committee  reported  the  doings  of  its  174th,  175tli  and  177th  meetings, 
announcing  that  the  dues  for  1895  had  been  fixed  at  $8  for  resident  members  and  $5 
for  non-residents.  The  Committee  had  approved  the  applications  for  membership 
of  F.  E.  Bausch,  S.  E.  Johannessen,  W.  A.  Layman  and  A.  W.  Morrell,  and  these 
gentlemen  were  then  ballotted  for  and  elected.  An  apjilication  for  membership  was 
announced  from  Mr.  William  H.  Moore,  surveyor  in  the  office  of  the  street  com- 
missioner. 

Col.  E.  D.  Meier  then  read  a  paper  on  "  Chimneys  and  Chimney  Drafts."  The 
paper  had  been  printed,  and  copies  were  given  to  those  present.  The  subject  was 
considered  with  special  reference  to  modern  boiler  practice  and  American  coals. 
Computations  of  stack  capacity  usually  assume  the  chimney  gases  to  be  of  the  same 
specific  gravity  as  air.  This  assumption  is  erroneous,  for,  when  combu.stion  is  com- 
plete, the  gases  are  really  a  mixture  of  carbonic  acid  gas,  nitrogen,  and  steam  ;  the 
proportions  varying  with  different  coals.  As  these  i-equire  different  amounts  of  air, 
the  varying  weights  of  the  gases  of  combustion  cause  a  difference  in  the  draft  power 
of  the  same  chimney.  It  is  rare  that  just  the  proper  amount  of  air  is  admitted, 
and  there  is  a  loss  when  the  amount  is  too  little  or  too  great.  Very  often  there  is 
a  surplus,  reaching  sometimes  as  high  as  100  per  cent.  Tables  were  presented, 
showing  these  facts  clearly  for  five  well-known  coals:  Anthracite,  New  Rivei-, 
Youghiogheny,  Mount  Olive,  and  Collinsville.  Computations  were  made,  showing 
how  the  capacity  of  a  chimney  could  be  increased  much  beyond  the  normal  by 
raising  the  temperature  of  the  gases,  the  result  always  being  accompanied  by  a 
corresponding  loss  in  efficiency.  It  was  shown  that  the  same  capacity  could  be  ob- 
tained without  loss  of  efficiency  by  increasing  the  height  of  the  chimney.  A  table 
was  given,  showing  the  changes  effected  in  the  capacity  of  a  given  chimney  by 
varying  the  temjjeratures  of  the  gases;  also  the  change  of  height  necessary  while 
maintaining  a  constant  temperature.  Another  table  showed  the  eflfect  of  different 
coals  on  the  velocity  of  the  gases,  and  on  the  areas  of  chimneys,  the  velocity  being 
kept  constant.  The  chimney  formula;  of  Smith,  Kent,  and  Gale,  and  the  experi- 
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ments  of  ile  Kinder,  were  discussed.  A  table  was  given,  showing  appropriate 
heights  and  areas  of  chininevs  for  powers  from  75  to  3100  horse-power,  assuming 
seven  pounds  of  water  evaporation  per  pound  of  coal,  and  five  pounds  of  coal  per 
iiorse-power  per  hour.  The  effect  of  the  length  of  the  flue  leading  to  the  chimney 
was  also  discussed.  It  was  .shown  that  where  a  number  of  boilers  are  to  be  con- 
nected to  the  same  stack,  its  dimensions  can  be  reduced  proportionately  (as  com- 
pared with  the  first  few  boilers),  as  they  would  never  all  be  fired  at  the  same  time. 

The  paper  was  discussed  by  Messrs.  Hermann,  Ockerson,  Bryan,  Holman,  and 
Kinealy.  It  was  shown  that  large  chimneys  almost  always  overrun  their  capacity 
as  computed  by  the  best  formulae.  It  was  believed  that  the  table  presented  by  Col. 
Meier,  while  justifying  the  working  of  chimneys  to  larger  capacities  than  hereto- 
fore deemed  advisable,  was  still  conservative,  and  that  in  emergencies  the  chimneys 
could  be  worked  much  beyond  the  ratings  given. 

Mr.  Russell  explained  an  ingenious  method  which  liad  recently  been  resorted 
to  at  the  inlet  tower  of  the  new  water  works  at  the  Chain  of  Rocks  for  cutting  ofl^ 
the  timber  of  the  old  coflfer-dam  under  water.     Adjourned. 

William  H.  Bryan,  Secretary. 


410th  Meeting,  January  1G,  1895. — The  Club  was  called  to  order  at  8.10 
P.M.,  by  Vice-President  Ockerson,  at  1600  Lucas  Place.  Twenty-one  members  and 
seven  visitors  present.  The  minutes  of  the  409th  meeting  were  read  and  approved. 
The  Executive  Committee  reported  the  doings  of  its  ITSth,  179th  and  180th  meet- 
ings, announcing  the  resignations  of  J.  C.  Simpson  and  D.  C.  Humphreys,  and 
approving  the  application  for  membership  of  W.  H.  Moore.  The  Committee  sub- 
mitted the  following  program  of  papers  and  addresses  for  tlie  year  1895: 

January  2d — Chimuey  Draft,  E.  D.  Meier. 

January  16th — River  Surveys  by  the  Transit  and  Stadia,  J.  L.  Yau  Ornum. 

February  6th — Discussion  of  B.  L.  Crosby's  paper  on  the  St.  Louis  Extension  of  the  St.  L.,  K.  & 
N.  W.  R.  R.     A  System  of  Removing  Organisms  from  Liquids.    J.  H.  Curtis. 

February  20th— The  Mechanics  of  Soaring  Flight  (a  tran.slation),  E.  D.  Meier. 

March  ijth — Timlier  Physics,  J.  B.  Johnson. 

March  20tli — luiropean  Engineering  Scliools,  W.  S.  Chaplin. 

April  3d — Methods  of  Determining  the  Heating  Power  of  Coals,  J.  H.  Kinealy. 

Ai)ril  17th — Vitrified  Brick  for  Street  Paving,  H.  A.  Wheeler. 

May  1st — The  De-sign  of  the  Train  Houseof  the  New  Union  Station  at  St.  Louis,  Geo.  H. 
Pegram. 

May  15th— An  Experimental  Investigation  ot  the  Three  Moment  Theurum,  M.  A.  Howe. 

June  oth^Water  Towers  at  Laredo,  Tex.,  and  St.  Charles,  Mo.,  Edw.  Flad. 

September  ISth — Maintenance  of  Bridges,  C.  Gayler. 

October  2d^The  Continuous  Rail  in  Street  Railway  Service,  R.  McCuUoch. 

October  16th — Sewerage  of  Indianapolis,  C.  C.  Brown. 

November  6th — Chimneys  and  Chimney  Draft,  W.  E.  Wortheu. 

November  20th — Report  of  Committee  on  Smoke  Prevention. 

December  4th — Annual  Meeting. 

December  18th — Installation  of  Officers— Address  of  Retiring  President. 

The  Executive  Committee  recommended  to  the  Club  that  Mr.  Henry  Flad  be 
elected  an  honorary  member. 

On  balloting,  Mr.  Flad  was  unanimously  elected  an  honorary  member  and  Mr. 
W.  H.  Moore  a  member. 

Tiie  Secretary  read  a  communication  from  Col.  E.  D.  Meier,  Secretary  of  the 
American  Boiler  Manufacturers'  Association,  asking  the  co-operation  of  the  Club 
in  a  movement  to  secure  legislative  enactment  in  the  direction  of  State  Boiler  in- 
spection and  the   licensing  of  engineers.     On  vote,  it  was   ordered  that  the  Chair 
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appoint  a  committee  of  three  to  consider  the  matter,  and  to  meet  a  committee  of 
the  American  Boiler  Manufacturers'  Association,  the  Committee  to  have  no  author- 
ity to  bind  the  Club  in  any  way,  but  to  report  to  tlie  Club  the  result  of  its  conferences 
and  conclusions.  The  Chair  appointed  on  this  committee  Messrs.  Holman,  Bryan 
and  Perkins. 

Mr.  J.  L.  Van  Ornum,  of  the  Western  Society  of  Engineers,  then  read  a  paper 
on  '  River  Surveys  by  the  Transit  and  Stadia,"  describing  a  method  of  surveying 
the  smaller  navigable  streams  by  the  use  of  the  stadia  alone  for  all  topographical 
work,  as  well  as  for  the  location  of  soundings,  thus  dispensing  with  both  the  trian- 
gulation  system  and  the  angular  methods  of  locating  soundings. 

The  plan  was  particularly  recommended  where  speed,  low  first  cost  and  reason- 
able accuracy  were  desired,  rather  than  extreme  precision.  The  discussion  was 
quite  full,  and  was  participated  in  by  Messrs.  Moore,  Bouton,  Ockerson,  Butler,  Jol- 

ley  and  Crosby.     Adjourned. 

Willi  A  jr  H.  Bryan,  Secretary. 


Civil  Ensrineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  January  7,  1895. — The  twelfth  annual  meeting  of  the 
Civil  Engineers'  Society  of  St.  Paul  was  held  at  8.30  p.m.  Fifteen  members  and 
one  visitor  were  present.  Vice-President  Estabrook  presided.  The  minutes  of  the 
previous  meeting  were  read  and  approved.  The  Librarian  reported  verbally  on  a 
method  of  securing  back  numbers  of  the  Transactions  of  the  American  Society  of 
Civil  Engineers,  and  the  Journal  of  the  Association  of  Engineering  Socie- 
ties. The  report  was  accepted.  Mr.  Morris  gave  the  Society  an  outline  of  recent 
work  of  the  Board  of  Managers  of  the  Association  of  Engineering  Societies.  The 
discussion  of  the  Minnesota  State  Survey  and  other  matters  incidental  thereto  was 
entered  into  at  considerable  length,  and  the  committee  thereon  was  granted  another 
month's  time  to  make  a  report.  The  gift  of  various  back  numbers  of  the  Railroad 
Gazette  and  other  periodicals  was  accepted  from  the  "Omaha"  Railway  Company 
and  ordered  bound.     The  following  annual  reports  were  read  and  accepted  : 


Report  of  the  Secretary. 

St.  Paul,  Minn.,  January  7,  1894. 
To  the  President  of  the  Civil  Engineers'  Society  of  St.  Paul. 

Sir  : — In  accordance  with  the  usual  custom  I  present  the  Society  statistics  for 
1894. 

Eiglit  regular  meetings  have  been  held,  with  an  average  attendance  of  thirteen 
members  and  three  visitors.  The  subjects  which  were  discussed  for  the  entertain- 
ment of  the  Society  are  given  below,  with  dates.  Most  of  them  were  informally 
presented,  but  the  papers  of  Mr.  Johnson,  Mr.  Claussen  and  Mr.  Woodman  were 
carefully  prepared.  Mr.  Woodman's  paper  on  Transition  Curves  will  shortly 
appear  in  the  Journal  of  the  Association  of  Engineering  Societies. 

February  5th,  "  Construction  of  Dam  at  St.  Anthony  Falls,"  by  Mr.  C.  A.  Hunt. 
"  Failure  of  a  Portion  of  Westminister  Street  Tunnel,"  by  Mr.  K.  E.  Hilgard. 
"  Diagram  for  Weir  Measurements,"  by  Mr.  A.  Miinster. 

Marcli  5th,  "  Coal  Docks  and  Coal  Handling  Plants,"  by  Mr.  C.  J.  A.  Morris. 

April  2d,  "The  Supply  of  Water  Obtained  from  Government  Reservoirs  in 
Minnesota,"  by  Mr.  Archibald  Johnson. 
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May  7th,  "  Requirements  of  a  Municipal  Electric  Light  Plant  Installation,"'  by 
Mr.  O.  L.  Claussen. 

October  1st,  "Transition  Carves,"  by  Mr.  Edwin  E.  Woodman. 

November  5th,  ''  The  Minnesota  Geological  and  Topographical  Survey,"  by 
Prof.  W.  R.  Hoag,  of  Minneapolis. 

December  3d,  "  Riparian  Ownership  of  Lands  Bordering  on  Lakes  and  Rivers,'' 
by  Mr.  J.  H.  Armstrong. 

On  October  20th,  ten  members  of  the  Society  attended  a  joint  excursion  to 
Sault  Ste.  Marie,  arranged  by  President  Cappelen  of  the  Engineers'  Club  of  Min- 
neapolis. Two  days  were  spent  in  examining  the  new  locks  on  both  sides  of  the 
river  and  other  imj)rovements  in  the  vicinity. 

MEMBERSHIP   STATEMENT. 

January  1,  1894  ...        54     Resident  members 39 

Increase  in  membership 3     Non-resident  members 18 

Present  Membership       57  57 

Respectfully  submitted, 

C.  L.  Annan,  Secretari/. 

Report  of  the  Treasurer. 
President  Ciril  Emjineers'  Society  of  St.  Paul. 

Sir: — I  submit  herewith  my  report  as  Treasurer  of  the  Society  for  the  year 
ending  December  31,  1894. 

receipts. 

Cash  on  hand,  January  1,  1894 S     1  74 

Collections  during  year 239  27 

$241  01 
disbursements. 

Stationery  and  mlseelleaneons  accounts $  14  10 

Dinner  at  Commercial  Clul) 

Room  rent 

Library  :  Subscrij)tion  to  periodicals,  etc 

Assessments,  Association  Engineering  Societies 

Cash  on  hand 

$241  01 
Respectfully  sul)mitted, 

A.  O.  Powell,  Treasurer. 

Report  of  the  Librarian. 
To  the  President  of  the  Ciril  Engineers'  Society  of  St.  Paul. 

Sir: — The  total  number  of  volumes  in  the  library  at  the  end  of  tiie  year  1894 
was  352,  including  engineering  jieriodicals  for  the  pa:st  year.  Of  this  number,  255 
are  bound  volumes  and  97  unbound,  including  the  Antiales  des  Pouts  et  C/iaussees 
for  the  years  1891,  1892,  1893  and  1894,  to  the  number  of  48  volumes.  The  Society 
now  subscribes  for,  or  receives  free,  the  following  engineering  periodicals :  Trans- 
actions of  the  American  Society  of  Civil  Engineers  ;  Transactions  of  the  American  Society 
of  Mechanical  Engineers;  Journal  of  the  Association  of  Engineering  Socie- 
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ties;  Journal  of  the  Naw  England  Water  Works  Association ;  Engineering;  Engineer- 
ing News;  Engineering  Record;  Proceedings  of  the  Western  Railway  Club;  Engineering 
anil  Mining  Journal ;  Annates  des  Ponts  et  Chaussees. 

Respectfully, 

A.  MuNSTER,  Librarian. 


Officers  for  tlie  coming  year  were  elected  as  follows : 

President,  11.  E.  Stevens. 

Vice-President,  K.  E.  Hilgard, 

Secretary,  C.  L.  Anxak. 

Treasurer,  A.  O.  Powell. 

lAbrarian,  A.  Munster. 

Representative  on  Board  of  Managers  for  the  Association  of  Engineering  Societies, 
Edwin  E.  Woodman. 

A  vote  of  appreciative  recognition  of  past  services  was  given  to  Mr.  Morris 
and  other  retiring  officers.  President  Stevens  appointed  Mr.  Rundlett  auditor  of 
accounts  for  1894,  and  named  Mr.  Woodman,  Mr.  Powell  and  Mr.  Armstrong  as 
members  of  the  Examining  Board.  The  Treasurer  was  authorized  to  make  the 
usual  arrangements  for  the  care  of  the  library. 

C.  L.  Annan,  Secretary. 


Civil  Engineers"'  Cliil>  of  Cleveland. 


Rooms  of  The  Electric  Club  of  Cleveland,  O.,  January  8,  1895. — 
Tiie  meeting  was  called  to  order  at  7.55  p.m.  by  the  President.  Thirty-five  mem- 
bers and  visitors  were  present.  The  minutes  of  the  meeting  of  December  11, 1894, 
were  read  and  approved.  The  report  of  the  Executive  Board  was  read  and 
approved. 

Under  the  head  of  miscellaneous  business,  President  Swasey  brought  up  the 
question  of  returning  to  our  former  quarters  in  Ca^e  Library,  stating  that  Mr.  Raw- 
son  and  he  had  learned  that  it  was  expected  by  the  library  people  that  we  do  so. 
He  also  stated  that  he  had  written  a  letter  to  the  Librarian,  asking  when  we  might 
expect  to  resume  our  pleasant  relationship,  and  had  received  a  reply  to  the  effect 
that  the  library  would  be  ready  on  or  before  the  20th  of  January.  On  the  request  of 
tiie  President,  Mr.  Rawson  stated  that,  while  acting  not  officially,  he  had  accidentally 
discovered  that  we  were  expected  to  return,  and  at  the  former  terms,  that  he  had 
brouglit  tlie  matter  to  the  attention  of  the  President,  and  that  the  above  result  had 
been  readied  by  further  inquiry.  Mr.  Porter  stated  that  he  had  learned  tiiat  books 
and  papers  could  be  consulted  in  about  ten  days.  Mr.  Searles  brought  up  the  matter 
of  entrance,  and  stated  that  he  understood  that  entrance  could  now  be  gained  to 
quarters  only  through  the  library  proper.  He  suggested  that  inquiries  be  made  as 
to  wiiether  we  were  likely  to  be  embarrassed  as  to  hours  of  meeting  or  of  adjourn- 
ment. Remarks  were  also  ofiered  by  Messrs.  Warner,  Herman  and  Reid.  Mr. 
Rawson  moved  tliat  the  matter  be  referred  to  the  Executive  Board  with  power  to 
act.     Seconded  by  Mr.  Searles,  and  passed. 

Mr.  Searles  submitted  anundments  to  the  Constitutior,  as  follows: 
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Civil   Esginkers'   Club  of  Clevelaxd. 
Ameiidinents  to  Constitution,   proposed  January  8,  1895. 

Article  5. — Dues. 
Section  1. — Stril<e  out  "  Five"  and  substitute  ''Ten." 
Section  2. — Strikeout  ''  Eight  "  and  substitute  "  Ten." 

Strike  out  "Six  "  and  substitute  "  Eight." 

Strike  out  "Four"  and  substitute  "  Five." 

Article  9. — Amendments. 
Section  2. — Strike  out  all  after  the  word  "  which,"  and  insert  "shall  go  into 
effect  on  the  first  day  of  March   next  following  the  date  of  adop- 
tion." 
We,  the  undersigned  active  members  of  the  Civil  Engineers'  Club  of  Cleveland, 
present  the  above  Amendments,  and  move  their  adoption. 


(Signed), 


James  Ritchie, 
Wm.  H.  Searles, 
N.  P.  Bowler, 
W.  R.    AVarner. 


Mr.  Searles  moved  to  amend  Amendments  by  considering  the  three  various 
sections  separately.     Seconded  and  passed. 

Mr.  Porter  moved  that  we  proceed  to  ballot  for  the  Nominating  Committee, 
and  the  nominations  were  placed  upon  the  blackboard.  The  President  appointed 
Messrs.  Palmer  and  Brown  tellers,  wiio  announced  the  result  as  follows :  Nominat- 
ing Committee,  Messrs.  Porter,  Warner,  Searles,  Bartol  and  Gobeille. 

The  paper  of  the  evening  on  "  Pavements  of  Cleveland  Compared  with  Those 
of  Other  Cities  "  by  James  Ritchie,  C.  E.,  was  then  read  by  the  Secretary,  pro  tem. 
A  discussion  on  the  paper  by  Messrs.  Rawson,  Culley,  Claflen,  Swasey  and  Porter, 
and  Colonel  Smith  followed. 

Meeting  adjourned  at  10.30  P.M. 

A.  Lincoln  Hyde,  Sec.  pro.  Inn. 


Tlie  Montana  Societv  of  Civil  Ensrineers. 


Eighth  Annual  Meeting,  January  12,  1895. — The  meeting  was  called  to 
order  by  President  Haven,  in  the  Board  of  Trade  Rooms,  Granite  Block,  Helena, 
Mont.,  at  II  A.M. 

There  were  present,  Messrs.  Keerl,  Goodale,  Page,  Ryon,  McNeill,  Wheeler, 
Gutelins,  Haven,  Cumming,  Plovey,  McDonald,  Scheetz,  Smith,  Carroll  and  McRae. 

Applications  for  membership  were  read  from  Charles  Maurice  Allen,  Charles 
Henry  Palmer,  Daniel  Perrin  Mumbrie,  Maurice  S.  Parker  and  Charles  Wright 
Mead. 

Votes  on  the  amendments  to  the  By-Laws  were  then  canvassed.  Mr.  Gufelius 
and  Mr.  Wheeler  were  apj)ointed  tellers.  There  were  twenty-nine  ballots  cast  on 
the  first  proposition,  all  "  Yes."  On  the  second  proposition,  twenty-eight  "  Yes  " 
and  one  '*  No."     On  the  third  proposition,  twenty  seven  "  Yes  "  and  two  "  No."' 

There  being  a  majority  of  votes  cast  for  all  the  proposed  amendments,  they 
were  declared  adopted  by  the  Societ}'. 

It  was  voted  that  the  By-Laws  regarding  the  counting  of  ballots  for  member- 
ship be  suspended,  and  that  those  ballots  be  counted.     Mr.  Wheeler  and  Mr.  Gute" 
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lius  were  appointed  tellers.  They  announced  the  result  and  the  President  declared 
that  the  Society  had  elected  the  following  persons  members  of  the  Society :  Paul  S. 
A.  Bickel,  James  Breen,  Charles  Alexander  Dewar,  Francis  Webster  Blackford, 
Albert  Alton  Morris  and  Clayton  Miller  Thorp.  Tliereupon  Messrs.  Bickel,  Dewar, 
Morris,  and  Thorp  being  present,  took  their  seats. 

Mr.  Page  and  Mr.  McNeill,  appointed  tellers  to  count  the  ballots  for  officers, 
announced  the  result,  and  the  President  declared  that  the  Society  had  unanimously 
elected  the  following  persons  as  officers  of  the  Society  for  the  year  1895 :  President, 
James  S.  Keerl  ;  1st  Vice-President,  Augustus  M.  Ryon  ;  2d  Vice-President,  James 
M.  Page;  Secretary  and  Librarian,  Forrest  J.  Smith  ;  Treasurer,  A.  S.  Hovey  ; 
Trustee  for  three  years,  Charles  W.  Goodale  ;  Member  of  the  Board  of  Managers 
of  the  Association  of  Engineering  Societies,  James  S.  Keerl. 

The  President  read  the  report  of  the  Secretary  as  follows  : 

Helena,  Mont.,  January  12,  1895. 
■    ■  Receipts. 

For  entrance  fees $  50  OC 

''      dues  for  the  year  1893 91  00 

"     1894 173  00 

"     1895 63  95 

"      miscellaneous  receipts 12  00 

Total $389  95 

Expenditures. 
Paid  to  A.  S.  Hovey,  Treasurer,  as  per  receipts  herewitli  submitted,  No.  1 

to  17  inclusive $389  95 

Totals $389  95 

There  is  due  from  members  for  the  year  1893  .    , $  30  00 

For  the  year  1894 103  00 

Amount  overpaid  by  members  and  credited  on  the  accoitit  for  1895  ...      22  95 

(t.  O.   Foss,  Serretary. 

Helena,  Mont.,  January  12,  1895. 
Statement  from  the  books  of  the  Secretary,  showing  the  expenditure  of  the 
Society  during  the  year  ending  to-day.     For  details  see  warrants  No.  99  to  No.  131  in 
the  hands  of  the  Treasurer  (No.  113  cancelled  and  1.30  not  presented  for  payment). 

For  typewriting  and  report  of  meetings $  27  35 

"  postage,  expenses  of  officers  . ....  29  50 

"  sundry  expenses,  annual  meeting,  1894 5  25 

"  publishing  list  of  members      . 17  50 

"  binding   newspapers,  etc 9  50 

"  extra  bill  of  Associated  Society 5  90 

"  printing  notices,  reports,  letter-heads      98  20 

"  drawings  for  Journal,  accompanying  paper 8  00 

"  stationery  for  offices .        11  55 

"  the  Journal  of  Associated  Societies 134  50 

Total 1347  25 

G.  O.   Foss,  Seen  tar  I/. 

per  W.  A.  Haven. 
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It  was  moved  and  seconded  tliat  the  report  and  statement  of  the  Secretary  be 
accepted  and  referred  to  the  Trustees.     It  was  so  voted. 

It  was  voted  to  pay  the  expenses  of  the  Annual  Meeting  of  1895  from  the  funds 
of  the  Society. 

The  report  of  the  Treasurer  was  then  read  as  follows  : 

January  13,  1894,  by  balance  cash    on  hand $26  36 

By  amounts  received  at  sundry  times  from  G.  O.  Foss,  Secretary,  as  per 

receipts  on  file  in  his  ofSce 389  95 

Total §416  81 

Expenditures. 

Amount  paid  as  per  warrants  herewith  submitted,  Nos.  99  to  131  inclusive, 
excepting  No  113  cancelled,  and  No.  130  not  yet  presented  for  pay- 
ment    ?347  25 

Paid  to  H.  J.  Horn,  Jr.,  per  order  of  the  President 2  00 

Total  expenditures $349  25 

January  12,  1895,  balance  on  hand 67  56 

A.  S.  Hovey,  Treasurer |416  81 

No  furtlier  business  offering,  the  Society  thereupon  took  a  recess  until  2  p.m. 


2  P.M. 

The  first  order  of  business  was  the  installation  of  the  new  officers  as  announced 
in  the  forenoon. 

The  retiring  President  read  liis  address  as  follows : 

Gentlemex  :— In  retiring  from  the  office  of  President,  I  congratulate  you  all 
upon  the  recent  healthy  growtii  of  our  Montana  Society,  not  only  in  the  number  of 
its  members,  but  in  their  professional  standing.  In  looking  over  our  list  of  membeis 
and  referring  to  a  catalogue  of  the  members  of  the  American  Society  of  Civil  Engi- 
neers, I  find  that  25  per  cent,  of  our  members  are  also  members  of  that  Society  and 
that  about  one  half  of  the  remainder  are  qualified,  both  by  age,  experience  and  pro- 
fessional attainments  for  membership  in  that  Society. 

When  our  list  of  members  was  printed,  February  12,  1894,  the  Society  was 
composed  of  two  honorary  members  (one  of  whom  was  also  a  member),  seven  asso- 
ciate members  and  forty-one  members.  During  the  year  no  change  has  been  made 
in  the  list  of  honoiary  or  associate  members.  One  member  living  in  Minnesota  has 
withdrawn.  Tliirteen  new  members  have  been  elected,  making  the  total  number  of 
membeis  at  the  present  time  fifty-three,  and  to-day  the  applications  of  five  more 
persons  for  membership  have  l)een  read. 

The  reports  of  tiie  Secretary  and  Treasurer,  which  have  been  read  to  you,  show 
that  the  Society  is  in  a  healthy  financial  condition.  The  renewed  interest  in  the 
Society  manifested  by  our  members,  and  the  desire  for  membership  expressed  by 
engineers,  surveyors  and  others  in  all  parts  of  the  State,  are  due,  I  think,  to  the  fact 
that  our  Society  has  taken  an  active  part  in  movements  for  developing  the  resources 
of  our  State  in  a  practical,  scientific  and  economical  manner,  and  has  thus  acquainted 
the  people  of  tiie  existence  of  our  Society  and  of  our  ability  and  readiness  to  grap- 
ple with  the   problems  that  must  be  solved   by  our  people.     I  will  quote  from  a 
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letter  whicli  1  have  just  received  from  one  of  your  former  presidents,  congratulating 
us  upon  our  present  prosperity.  He  says:  "  Tlie  only  way  for  civil  engineers  to 
advance  is  to  make  themselves  felt,  and  there  is  no  better  way  than  by  their  united 
strength  in  organization  and  in  taking  up  the  questions  in  which  their  existence  is 
concerned." 

We  now  have  before  the  Society  two  matters  of  vital  importance,  not  only  to  our- 
selves, but  to  the  whole  State  of  Montana,  viz.,  (1)  "the  measurement  and  appropria- 
tion of  water,"  and  (2)  changes  in  the  Statutes  of  Montana  in  the  interest  of  a  better 
system  of  location,  construction  and  repairs  for  highways  and  highway  bridges,  with 
a  view  of  reducing  taxes  and  at  the  same  time  of  obtaining  better  results  in  the 
expenditure  of  the  road  tax  which  now  amounts  to  over  §200,000  per  annum  in  our 
State.  Both  of  these  matters  will  come  before  yon  to-day  for  your  free  discussion 
and  final  action. 

The  report  of  the  Secretary  shows  an  unusually  large  expenditure  for  printing, 
postage,  and  other  expenses.  This  was  incurred  because  the  Society  voted  at  its 
regular  meetings,  in  November  and  December,  to  print  a  large  number  of  the  re- 
ports of  the  Committee  on  Water,  and  also  that  on  County  Surveyor  and  Road  Laws, 
and  to  send  copies  not  only  to  each  member  of  the  Society,  but  to  the  newspapers, 
membei-s  of  the  Legislature,  County  Commissioners,  and  other  public  men  through- 
out the  State,  in  order  to  enlist  their  support  of  the  measures  which  we  propose.  I 
think  it  was  money  well  expended,  and  for  the  benefit  of  the  Society. 

In  the  younger  years  of  the  Society,  and  up  to  the  present  time,  we  have  had 
to  avail  ourselves  of  the  charity  of  some  of  the  members  who  have  allowed  us  to 
ocenpy  their  offices,  not  only  for  our  monthly  meetings,  but  for  the  storage  of  our 
books  and  papers  and  for  the  work-room  of  our  Society.  My  experience  during  the 
last  three  months  as  Acting  Secretary  as  well  as  President,  has  convinced  me  that 
the  Society  should  now  have  a  room  of  its  own,  where  it  may  have  not  only  the  desk, 
but  book-cases  for  the  rapidly-growing  library,  to  which  members  can  have  ready 
access,  and  where  they  can  read  the  current  engineering  literature  and  our  many 
valuable  books  of  reference.  I  recommend  that,  at  the  meeting  to-day,  a  committee 
be  appointed  to  secure  permanent  quarters  for  the  Society,  where  its  regular  monthly 
meetings  may  be  held. 

The  present  Constitution  and  By-Laws  seem  to  me  to  be  defective.  For  instance, 
during  the  past  year  your  Secretary  has  been  absent  from  the  State  three-quarters 
of  the  time,  and  yet  there  appears  to  be  no  power,  either  in  the  Society  itself  or  in 
any  of  the  officers,  to  appoint  a  secretary  pro  tern. 

During  the  absence  of  Mr.  Foss,  the  duties  of  tlie  Secretary  were  performed  in  a 
creditable  manner  by  Mr.  Cumming  while  he  was  in  the  city  ;  but  in  Mr.  Cumming's 
absence  during  October  and  November,  I  assumed  the  office  of  Secretary  by  virtue 
of  the  article  of  the  Constitution,  defining  the  duties  of  the  President,  viz.,  "  He 
shall  exercise  all  the  powers  and  prerogatives  appertaining  to  his  office."  In  simi- 
lar societies,  the  President  is  the  executive  officer,  and  it  is  his  duty  to  see  that  the 
business  of  the  society  does  not  sutler  by  reason  of  the  absence  of  any  officer. 

You  have  a  board  of  three  trustees — this  seems  a  misnomer,  as  there  is  nothing 
whatever  they  hold  in  trust.  I  recommend  that  the  Constitution  and  By-Laws  be 
changed,  so  that  in  place  of  the  trustees  three  directors  may  be  elected,  and  that 
they,  together  with  the  President  and  Secretary,  shall  constitute  a  board  of  direction, 
who  shall  have  full  control  of  the  affairs  of  the  Society,  with  jiower  to  fill  all  vacan- 
cies in  the  elective  offices,  which  may  occur  from  any  caus-e,  until  the  Society  can 
elect  officers  in  the  regular  way. 
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During  the  last  sixty  days  I  have  had  considerable  correspondence  with  the 
Cluiirnian  and  Secretary  of  the  Board  of  Management  of  the  Association  of  Engi- 
neering Societies,  regarding  the  policy  of  the  Association  in  several  matters.  Tlie 
member  of  tlie  Board  of  Management,  representing  our  Society,  handed  me  tiie 
reports  of  the  Secretary  and  letters  from  him  and  the  chairman,  and  a  list  of  ten 
questions  to  be  voted  upon,  asking  my  advice  thereon.  As  most  of  these  questions 
referred  to  the  financial  situation,  and  thereby  affected  the  treasury  of  your  Society, 
and  the  pockets  of  each  one  of  our  members,  I  referred  the  matter  to  our  Trustees, 
who  directed  me  to  instruct  our  member  how  to  vote  upon  the  several  propositions. 
As  there  was  a  considerable  difference  between  tiie  views  of  our  member  of  the 
Board  of  Management  and  the  Trustees,  I  think  it  would  be  well  if  our  Society 
should  ap})oint  a  committee  to  investigate  this  matter  and  report  the  facts  to  the 
Society.  All  the  papers  relating  to  this  subject  are  open  to  inspection,  and  it  seems 
to  me  very  important  that  our  representative,  when  in  doubt  how  to  vote  on  any 
matter  before  the  Association,  should  have  a  board  of  directors  with  whom  he  may 
consult  at  any  time. 

Our  meeting  in  Butte,  in  October,  was  productive  of  good  results  to  the  Society, 
though  uncontrollable  circumstances  prevented  as  large  an  attendance  as  we  hoped 
to  have.     I  hope  that  this  feature  of  our  Society  may  be  continued. 

I  congratulate  the  non-resident  members  present  at  this  meeting  upon  the  fact 
that  they  reside  along  the  line  of  the  Northern  Pacific  Railroad,  whose  enlightened 
management  recognizes  that  a  meeting  of  such  a  representative  body  of  men  as  the 
Montana  Society  of  Civil  Engineers  contributes  much  to  the  material  development 
of  the  State,  and  thereby  to  an  increase  of  business  for  its  lines,  and  I  am  sorry 
that  it  has  no  direct  line  between  Butte  and  Helena. 

Thanking  you  all  for  your  ready  aid  in  my  efforts  to  promote  the  welfare  of 
the  Society  during  the  two  and  a  half  years  of  my  presidency,  I  take  pleasure  in 
introducing  to  you  your  new  President,  Mr.  James  S.  Keerl,  of  Helena. 

Mr.  Keerl  then  made  a  short  address,  as  follows  : 

Gentlemen  : — I  wish  to  relieve  at  once  any  apprehension  under  which  you 
may  be  laboring,  due  to  the  suggestion  of  our  retiring  President  that  I  should  follow 
him  with  an  inaugural  address,  for  it  is  far  from  my  intention  to  afflict  you  in  this 
manner  at  this  time.  If  I  comply  with  our  By-Laws,  I  shall  try  your  patience 
sufficiently,  a  year  hence,  by  the  annual  address  therein  prescribed. 

It  is  scarcely  necessary  for  me  to  assure  you  of  my  high  appreciation  of  the 
honor  you  have  conferred  upon  me  by  electing  me  your  President  for  the  ensuing 
year. 

Under  the  very  able  management  of  our  retiring  President,  our  Society  has 
advanced  to  a  commanding  and  respected  position  in  the  estimation  of  the  public, 
and  I  trust  tliat  I  may,  with  your  assistance,  maintain  its  dignity  and  utility,  and  be 
in  a  measure  at  least,  instrumental  in  forwarding  its  interests  and  those  of  the  pro- 
fession it  represents.  In  a  new  State  like  Montana,  a  society  of  engineers  has  a 
wide  and  most  interesting  field  for  the  exercise  of  the  professional  attainments  of  its 
members.  Where  we  find  existing  fiiulty  legislation  affecting  technical  matters, 
the  responsibility  is  upon  us  to  use  our  best  eflforts  to  secure  desirable  corrections. 
The  need  of  new  legislation  upon  subjects  of  an  engineering  cliaracter  should  excite 
our  deep  interest,  and  we  sliould  use  our  best  endeavors  for  the  enactment  of  such 
laws  whicli,  wiiile  assuring  the  best  interest  of  the  State,  will  reflect  credit  upon  us 
as  engineers  both  patriotically  and  professionally. 

Much  earnest  work  has  been  done  bv  some  of  vou  on  these  lines  during  the 
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past  year,  and,  as  a  result,  two  committees  will  report  to  yon,  recommending  Acts 
for  presentation  to  our  Legislature  now  in  session.  I  bespeak  for  them  your  careful 
consideration  and  your  best  efforts  to  secure  their  passage  after  they  liave  been  duly 
received  and  approved  by  you. 

'Sh:  Keerl  then  took  the  chair. 

The  re])ort  on  water  was  then  taken  up  and  the  Secretary  read  an  Act  establish- 
ing a  standard  for  measurement  for  water,  defining  the  equivalent  of  a  miner's  inch 
and  repealing  Section  1262,  Division  5,  of  the  Compiled  Statutes  of  the  State  of 
Montana : 

Be  it  enacted  by  tlie  Legislative  Assembly  of  the  State  of  Montana : 

Sec  1.  Hereafter  a  cubic  foot  of  water  per  second  of  time  shall  be  the  legal 
standard  for  the  measuueraent  of  water  in  this  State. 

Sec.  2.  Where  water  rights  expressed  in  miner's  inches  have  been  granted,  one 
hundred  miner's  inches  shall  be  considered  equivalent  to  a  flow  of  two  and  one  half 
cubic  feet  per  second  ;  two  hundred  miner's  inches  shall  be  considered  equivalent  to 
a  (low  of  five  cubic  feet  per  second,  and  this  proportion  shall  be  observed  in  deter- 
mining tlie  equivalent  flow  represented  by  any  number  of  miner's  inches. 

Sec.  3.  Section  1262,  Division  5,  of  the  Compiled  Statutes  of  the  State  of  Mon- 
tana, and  any  laws  in  conflict  with  this  Act,  are  hereby  repealed. 

The  President  :  This  report  of  Professor  Eyon's  is  a  very  thorougli  one  and 
certainly  reflects  great  credit  on  the  Society;  and  while  it  is  quite  lengthy  and  full 
of  formulas,  it  might  be  well,  for  the  benefit  of  the  members  present,  to  have  the 
"conclusions"  read. 

The  Secretary  then  read  the  "  conclusions." 

Mr.  Haven  moved  an  amendment,  to  define,  in  the  Act,  for  the  information  of 
placer  miners,  ranchmen  and  the  ''  Old  Timers,"  the  quantity  of  water,  in  gallons, 
that  is  contained  in  a  cubic  foot.  Professor  Ryon  seconded  the  amendment.  The 
Act  was  then  discussed  at  great  length  by  Messrs.  Page,  Ryon,  Keerl,  Haven,  Carroll, 
Goodale  and  Scheetz.  The  amendment  was  then  adopted,  viz.:  to  insert  in  line  2, 
after  the  word  "foot,"  the  following,  "or  7.48052  gallons;  "  after  "feet,"  in  line  7, 
"or  18.7013  gallons;"  after  "feet,"  in  line  10,  "or  37.4026  gallons."  The  report 
and  Act  were  then  unanimously  adopted  as  embodying  the  views  of  the  Society, 
and  it  was  voted  that  a  committee  of  five  be  appointed  to  see  that  they  be  introduced 
in  the  Legislature,  and  to  urge  its  passage.  Messrs.  Ryon,  Cumming,  Carroll, 
Scheetz  and  Tappan  were  appointed  members  of  this  committee. 

The  chairman  of  the  committee  on  the  memorial  of  our  former  president.  Col- 
W.  W.  DeLacy,  reported  that  it  had  nearly  completed  its  labors  and  would  submit 
the  memorial  to  the  Society  at  the  monthly  meeting  in  February. 

The  report  of  the  Committee  on  County  Surveyors  and  Road  Laws  waS 
called  for. 

Mr.  Haven:  The  committee  sent  to  me,  December  20th,  onecopy  of  its  report 
with  a  proposed  Bill.  I  immediately  had  150  copies  printed,  and  mailed  a  copy  to 
every  member  of  the  Society  and  to  county  commissioners  and  others  interested  in 
good  roads  all  over  the  State,  requesting  them  to  send  me  in  writing  their  suggestions 
for  alterations  or  amendments.  By  the  the  middle  of  this  week  about  a  dozen  of  these 
had  come  in,  and  I  called  a  meeting  of  the  committee,  who  met  here  yesterday  morn- 
ing and  so  amended  the  Bill  as  to  meet  the  suggestions  received.  At  10  o'clock  this 
forenoon  they  handed  me  seven  pages  of  closely- written  manuscript.  At  2  p.m.  I 
received  100  printed  copies  of  the  report  which  Mr.  McNeill,  the  chairman,  will 
now  present  to  you.  You  will  find  this  different  in  many  respects  from  the  one 
sent  you  December  22d. 
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Mr.  McNeill  then  explained  what  was  sought  to  be  accomplished,  viz.,  to 
place  the  entire  charge  of  the  laying-out,  construction  and  repairs  of  all  county 
roads  and  bridges  in  the  County  Surveyor,  who  should  he  held  responsible  by  the 
County  Commissioners  for  the  condition  of  the  roads  at  all  times  and  be  made  by 
law  a  member  of  all  hoards  of  ''road  viewers;"  the  County  Surveyor  to  make  and 
see  to  the  execution  of  all  contracts  about  roads  and  bridges,  and  to  take  the  place 
of  the  present  "road  supervisors;"  all  road  taxes  to  be  paid  in  cash  instead  of 
being  worked  out,  and  thus,  by  expending  the  annual  road  tax  in  a  systematic  man- 
ner, to  eventually  reduce  taxation  and  apply  the  tax  in  an  economical  manner  and 
make  a  beginning  of  good  roads  in  all  the  valleys  and  mountain  passes  of  Montana. 

In  order  to  bring  the  whole  matter  before  the  meeting,  both  reports,  that  of 
December  '22d  and  that  of  to-day,  were  then  read  by  tlie  Secretary.  A  long  discus- 
sion was  tlieii  had,  all  the  members  present  taking  part  in  it,  as  well  as  members  of 
the  Legislature,  and  County  Commissioners,  Mr.  F.  H.  Ray,  who  represented  the 
"  Wheelmen,"  and  surveyors  not  members  of  the  Society.  Questions  of  the  consti- 
tutionality of  the  Act  were  discussed  in  an  able  manner  by  the  engineers  and  "old- 
timers." 

At  six  o'clock  the  meeting  took  a  recess  for  dinner  until  half  past  seven.  In 
the  evening  session  the  discussion  was  resumed.  About  thiity  visitors  were  pres- 
ent, mostly  men  interested  in  our  Road  Law,  among  them  two  of  the  Commission- 
ers of  Lewis  and  Clarke  County,  several  lawyers,  judges  and  members  of  the  Leg- 
islature. Questions  of  grades  and  highways,  ditches,  bridges,  contracts  for  construc- 
tion and  repairs,  and  specifications  were  discussed.  All  the  visitors  heartily  endorsed 
the  general  object  of  the  Society,  and  hoped  it  would  be  able  to  overcome  all  the 
objections  raised  to  the  present  proposed  bill.  They  assured  the  Society  of  their 
hearty  co-operation. 

It  was  tinnlly  voted  that  the  reports  be  referred  back  to  the  Committee,  Mr. 
Cumming  i)eing  substittuted  for  Mr.  Baker,  who  was  not  present.  The  Committee 
was  instructed  to  employ  legal  advice  and  to  report  to  an  adjourned  meeting  of 
the  Society  on  Monday  evening. 

The  thanks  of  the  Society  were  voted  to  Messrs.  Wheaton  and  Muth,  County 
Commissioners  and  to  Judge  O'Bannon  for  their  advice  and  suggestions  during  the 
evening. 

The  Secretary  was  instructed  to  send  a  letter  to  the  General  Manager  of  the 
Northern  P.tcific  Railway  Company,  through  A.  D.  Edgar,  General  Agent,  thank- 
ing him  for  his  courtesy  in  granting  to  all  of  our  members  residing  along  its  lines 
transportation  to  and  from  Helena. 

It  was  voted  that  ballots  upon  the  applications  for  membership,  read  at  the 
morning  session,  should  be  sent  out,  to  be  canvassed  at  the  next  regular  meeting. 

Mr.  Goodale. — For  several  months  Mr.  Haven  has  not  only  filled  the  office  of 
President,  but  has  acted  as  Secretary  in  the  absence  of  that  official,  and  I  think  the 
thanks  of  tiie  Society  siiould  be  given  to  him.     It  was  so  ordered. 

Mr.  Haven. —  1  liave  letters  from  Mr.  Trautwine,  Secretary  of  the  Association 
of  Engineering  Societies,  and  from  engineers  of  other  societies  ranging  all  the  way 
from  Boston  to  Tacoma  and  San  F'nincisco,  congratulating  the  Society  upon  its 
growth.  I  do  not  think  it  is  due  to  me  but  to  the  action  of  the  Society  themselves  in 
taking  hold  of  practical  matters  of  interest  to  the  State. 

Mr.  McRae. —  I  move  that  a  vote  of  thanks  be  given  to  Professor  Ryon  for  the 
able  manner  in  which  he  has  treated  the  question  of  the  Measurement  of  Water. 
He  has  been  at  a  great  deal  of  labor  and  possibly  expense  to  himself,  and  I  think 
he  has  done  his  work  exceptionally  well. 
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A  vote  of  thanks  was  given  to  Professor  Ryon. 

The  Society  then,  at  10.30  p.m.,  adjourned  until  Monday  evening,  when  the 
members  lield  a  social  function  lasting  until  about  midnight. 

January  14th. 

The  meeting  was  called  to  order  by  the  President  at  8  o'clock. 

Tho  Committee  on  County  Surveyor  and  Road  Laws  reported  that  it  had  been 
at  work  since  the  adjournment  on  Saturday  evening  ;  that  it  had  taken  legal  advice 
and  had  consulted  with  Mr.  F.  H.  Ray  and  with  one  of  the  Commissioners  of  Lewis 
and  Clark  County. 

On  motion  of  Mr.  Haven  it  was  unanimously  ordered  that  the  thanks  of  the 
Society  be  extended  to  Messrs.  McNeill  and  Gutelius,  who  had  been  almost  con- 
stantly at  work  since  Friday  morning,  in  order  that  they  might  prepare  their  report 
in  time  for  this  meeting,  and  who  would  have  to  remain  in  Helena  one  or  two  days 
after  the  close  of  the  meeting,  and  that  their  expenses  be  paid  from  the  funds  of 
the  Society. 

A  vote  of  thanks  was  given  to  Mr.  Goodale  for  his  efforts  in  Butte  in  increas- 
ing the  membership  of  the  Society. 

The  suggestions  contained  in  the  address  of  the  retiring  President  were  referred 
to  a  committee  of  one.  The  President  subsequently  appointed  Mr.  Goodale  as  this 
committee. 

The  Secretary  was  instructed  to  convey  to  the  officers  of  the  Board  of  Trade 
the  thanks  of  the  Society  for  the  use  of  their  rooms  during  the  annual  meeting  ; 
also  to  Mr.  Gardiner  for  his  active  co-operation  and  for  his  valuable  legal  advice  in 
preparing  the  Acts  and  Bills  for  the  Legislature. 

The  County  Surveyor  Bill  was  then  read.  A  few  minor  changes  were  made- 
and  the  Bill,  as  amended,  was  adopted  for  submission  to  the  Legislature  with  the 
Society's  approval. 

The  Road  Law,  as  reported  by  the  committee,  was  then  read.  It  was  discussed, 
section  by  section,  and  some  amendments  were  made.  Finally,  it  was  unanimously 
adopted  as  embodying  the  sense  of  the  Society  as  to  what  the  Montana  Road  Law 
should  be. 

It  was  then  voted  that  the  committee  be  instructed  to  supervise  the  preparation 
of  three  typewritten  copies  of  the  proposed  Act,  in  proper  shape  for  presentation 
to  the  Legislature  ;  one  copy  thereof  to  be  placed,  with  the  County  Surveyor  Bill,  in 
the  library  of  the  Society. 

It  was  voted  that  a  committee  of  five  be  appointed  to  present  both  bills  to  the 
Legislature  and  to  watch  over  them  until  their  final  passage.  (The  President  a.\*- 
pointed  Messrs.  McNeill,  Cumming,  Harper,  Gutelius  and  Dewar.) 

A  full  stenographic  report  of  the  meetings,  covering  forty-six  typewritten 
pages,  is  on  file  with  the  Secretary. 

At  11  o'clock  the  meeting  adjourned. 

F.  J.  Smith,  Secretanj. 


Boston  Societv  of  Civil  Eiiirineers. 


January  23,  1895. — A  Regular  Meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  at  its  rooms,  36  Bromfield  Street,  Boston,  at  7.45  o'clock  p.m. 
President  William  E.  McClintock  in  the  chair.     121  members  and  visitors  present. 
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The  record  of  the  last  meetin<^  was  read  and  approved. 

Messrs.  Albert  S.  Cheever  and  James  W.  Rollins,  Jr.,  were  elected  members  of 
the  Society. 

On  motion  of  Mr.  FitzGenild  it  was  voted  to  choose  by  nomination  from  the 
floor  a  committee  of  three,  to  report  at  this  meeting  the  names  of  five  members  to 
serve  as  a  committee  to  nominate  officers.  Messrs.  Fred.  Brooks,  Henry  Manley 
and  John  R.  Freeman  were  chosen  as  the  committee.  Later  in  the  meeting  this 
committee  reported  tlie  names  of  Desmond  FitzGerald,  A.  E.  Burton,  R.  A.  Hale, 
F.  W.  Hodgdon  and  F.  C  Coffin,  and  on  motion  these  gentlemen  were  elected  the 
committee  to  nominate  officers  for  the  ensuing  year. 

Mr.  Henry  ^Nlanley  was  appointed  a  committee  with  full  powers  to  make  the 
necessary  arrangement  for  the  annual  dinner  of  the  Society,  and  the  sum  of  $50.00 
was  appropriated  for  the  incidental  expenses  of  the  dinner. 

Tiie  President  announced  the  deaths  of  Phineas  Ball  and  Lincoln  C.  Hey- 
wood,  members  of  the  Society,  and  on  motion  he  was  authorized  to  appoint  a  com- 
mittee to  prepare  memoirs.  The  committees  appointed  consisted  of  Messrs.  Charles 
A.  Allen  and  Lucian  A.  Taylor  on  memoir  of  Mr.  Ball,  and  George  A.  Carpenter 
and  Morris  Knowles  on  memoir  of  Mr.  Hey  wood. 

While  waiting  for  the  committee  to  report  a  nominating  committee,  Mr.  Fitz- 
Gerald gave  an  interesting  account  of  the  recent  annual  meeting  of  the  American 
Society  of  Civil  Engineers  in  New  York. 

The  thanks  of  the  Society  were  voted  to  James  A.  Fenno,  Supt.  of  the  Boston, 
Revere  Beach  &  Lynn  R.  R.  for  courtesies  siiown  the  members  of  this  Society  on  the 
occasion  of  the  trip  to  the  tunnel  at  East  Boston. 

The  literary  exercises  of  the  evening  consisted  of  a  very  interesting  paper  by 
Mr.  Corydon  T.  Purdy,  C.E.,  of  New  York,  entitled  "The  Use  of  Steel  in  Large 
Buildings  "  The  paper  was  very  fully  illustrated  by  lantern  views  of  a  number  of 
the  most  noteworthy  high  buildings  in  New  York,  Chicago  and  Buffalo. 

After  passing  a  vote  of  thanks  to  Mr.  Purdv  for  his  valuable  and  interesting 
paper,  the  Society  adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Association  of  Eugiueers  of  Virginia. 

Roanoke,  Va.,  January  26,  1895. — The  annual  meeting  of  the  Association 
was  held  January  26,  1895,  the  President,  Mr.  Charles  S.  Churchill,  in  the  chair. 
The  directors  reported  as  follows  : 

Total  members  on  roll,  January,   1894 86 

Resigned  or  drop{)ed  from  roll  during  the  year 50 

Members  in  good  standing  on  roll,  January  26,  1895    .    .    .    .  S6 
Active  members,  34;  honorary  members,  2. 
Treasurer's  report  below  shows  the  receipts  and  disbursements  for  the  year  1894  : 

Receipts. 

Cash  balance,  January,  1894 $  1  92 

From   initiation 13  75 

"   annual  dues  of  1892 12  50 

"     "   1893 30  00 
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From  annual  dues  of  1894 $176  25 

"   1895 140  00 

"       sale   of  furniture 113  50 

"      publication 1  00 

1488  92 
Disbursements. 

For  advertising $  2  10 

"     rent 177  32 

"     incidentals 46  10 

"     good  roads  convention 10  00 

"     publications 94  88 

Cash  balance .      158  52 

$488  92 

The  year  1894  has  been  a  memorable  one  in  the  history  of  our  Association, 
having  been  witness  to  the  scattering  of  our  members  to  all  parts  of  the  country  to 
meet  the  requirements  of  their  profession. 

The  above  statements  of  raerabersliip  and  finances  show  that  the  expectations 
entertained  at  the  beginning  of  the  year  were  not  fully  realized.  At  the  last 
annual  meeting  there  was  to  tlie  credit  of  the  Association  in  uncollected  dues  from 
members  supposed  to  be  in  good  standing,  $552.50.  It  was  expected  that  an  im- 
provement in  business  would  make  possible  the  collection  of  a  large  portion  of  this 
amount  and  so  enable  the  directors  to  make  a  publication  of  the  papers  on  hand. 
After  much  labor  on  the  part  of  our  Treasurer,  our  collection  on  back  dues  amounted 
to  only  $218.75,  or  a  total  of  less  than  our  expenses  plus  our  indebtedness  on  the 
last  issue  of  our  proceedings.  At  the  fall  meeting,  on  recommendation  of  the 
Directors,  it  was  decided  that  the  Association  of  Engineers  of  Virginia  should  give 
up  its  old  room  in  the  Terry  Building,  Roanoke  ;  sell  its  useless  furniture  (retain- 
ing desk,  press,  etc.);  pay  off  its  indebtedness  with  the  amount  realized  by  the  sale  ; 
accept  the  kind  offer  of  the  Norfolk  and  Western  Railroad  Company,  allowing  us 
the  use  of  a  room  in  its  office  building,  at  Roanoke,  for  records  and  meetings;  and, 
finally,  join  the  "  Association  of  Engineering  Societies,"  so  as  to  secure  to  our  mem- 
bers monthly  publications  during  the  year  1895. 

All  these  plans  have  been  completed.  Thirty  members  have  paid  their  dues 
in  advance  for  the  year  1895,  and  we  count  our  active  membership  as  thirty-four. 
The  Association  is  out  of  debt.  There  is  $158.52  in  the  treasury  to  meet  all  ex- 
penses during  the  year  1895,  and  our  Treasurer  estimates  that  our  expenses  for  that 
year  will  be  only  $145.  Finally,  our  society  has  formally  become  a  member  of  the 
"Association  of  Engineering  Societies,"  along  with  the  societies  of  Boston,  Cleve- 
land, Chicago,  St.  Paul,  Minneapolis,  St.  Louis,  Kansas  City,  Denver  and  Montana ; 
and  a  monthly  publication  of  considerable  value  will  reach  our  members,  beginning 
with  the  January  number  of  1895.  These  proceedings  will  be  sent  direct  to  our 
members  by  the  "  Association  of  Engineering  Societies,"  the  first  number  being  due 
about  March,  1895. 

During  the  year  1894,  three  regular  meetings  and  six  monthly  informal  meet- 
ings were  held,  during  which  twelve  topics  were  discussed  and  six  papers  were  read 
and  referred  to  the  Committee  on  Publication.  The  summer  meeting  at  Alleghany 
Springs  was  regarded  by  all  a  success. 

The  building  laws  compiled  by  the  Association  were  adopted   by  the  City  of 
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Koaiioke.  Our  Association  took  an  active  part  in  the  presenting  of  a  form  of  rond 
law  before  tiie  State  Legislature,  and  considerable  expenditure  was  made  by  ihe 
Association  and  by  its  individual  members  to  secure  action  at  an  early  date. 

This  report  of  the  Board  of  Directors  was  approved. 

The  President  announced  the  election  of  officers  for  the  year  1895  to  be  in  order, 
and  appointed  as  scrutineers  of  the  ballots,  Messrs.  Crueger  and  Dunlap,  who  re- 
ported as  follows :  For  President,  J.  C.  Rawn ;  Vice-president,  M.  E.  Yeatman  (to 
serve  two  years);  Secretary,  John  A.  Pilcher;  Treasurer,  James  R.  Schick;  Direc- 
tors (to  serve  tiiree  years),  Charles  S.  Churchill,  L.  S.  Randolph,  and  H.  C.  Mack- 
lin.  Mr.  Charles  S.  Churchill  was  elected  as  the  repre-entative  of  the  Association 
of  Engineers  of  Virginia  on  the  Board  of  Management  of  the  "  Association  of  En- 
gineering Societies." 

The  Articles  of  Association  of  the  "Association  of  Engineering  Societies''  were 
adopted,  and  the  Secretary  authorized  to  notify  that  Association  accordingly.  The 
Secretary  was  authorized  to  have  printed  a  list  showing  addresses  of  all  members, 
for  the  use  of  the  "  Association  of  Engineering  Societies." 

A  paper  by  Mr.  J.  E.  M.  Hanckel,  entitled  "Road  Improvements  in  Knox 
County,  Tennessee,  and  Fulton  County,  Georgia,"  was  read,  and,  after  discussion,  re- 
ferred to  the  Publication  Committee.  This  paper  re-enforced  the  arguments  brouglit 
out  before  in  this  Association  for  the  adoption  by  the  State  of  Virginia  of  the  Road 
Law  as  proposed  by  the  Association  of  Engineers  of  Virginia,  and  showed  that  con- 
vict labor  can  be  most  successfully  employed  on  this  class  of  public  improvements. 

J.  A.  Pilcher,  Secretary. 
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Western  Society  of  Engineers. 


The  Annual  Meeting  (323d  of  the  Society)  was  held  in  Parlor  44,  Grand 
Pacific  Hotel,  Chicago,  at  8  p.m.,  on  Wednesday,  January  2,  1 895.*  Ill  members 
and  guests  present. 

President  H.  B.  Herr  took  the  chair  and  called  the  meeting  to  order.  Xo 
ohjections  being  made,  the  minutes  of  the  previous  meeting  vere  approved  as 
printed. 

The  report  of  the  Board  of  Directors  was  read  by  the  Secretary,  as  follows: 

At  the  meeting  of  the  Board  held  December  12th,  the  applications  for  mem-- 
bership  of  Messrs.  George  B.  Christie,  Ferd  G.  Gasche,  George  A.  Lederle  and 
Jesse  Lowe  were  received  and  placed  on  file. 

The  Committee  on  Nominations  submitted  the  following  list  of  nominations 
for  the  offices  to  be  filled  at  the  annual  election  : 

President,  Willard  A.  Smith. 

First  Vice-President,  Onward  Bates. 

Second  Vice-President,  T.  T.  Johnston. 

Secretary,  Thomas  Appleton. 

Treasurer,  David  L.  Barnes. 

Librarian,  Charles  J.  Roney. 

Trustee,  Hiero  B.  Herr. 

The  list  was  signed  by  the  entire  Committee  and  by  eight  other  members  of 
the  Society. 

Messrs.  Bates,  Appleton  and  Herr  declined  the  nominations. 

At  the  meeting  of  the  Board  held  December  19th,  a  petition  signed  by  ten 
members  of  the  Society  was  received,  nominating  Mr.  Horace  E.  Horton  for  Presi- 
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dent,  and  Mr.  Charles  L.  Strobel  for  First  Vice-President.  Another  petition  was 
received  signed  by  ten  members  nominating  Mr.  Charles  J.  Honey  for  Secretary. 

Mr.  Strobel  declined  tiie  nomination  for  First  Vice-President. 

In  accordance  with  the  provisions  of  Section  3  of  Article  IX  of  the  By-laws, 
the  Board  made  the  following  nominations,  so  as  to  j)resent  a  ticket  with  two  names 
for  each  of  the  offices  : 

For  First  Vice-President,  Daniel  W-  Mead,  L,  P.  Morehouse. 

For  Second  Vice-President,  Henry  C.  Draper. 

For  Secretary  and  Librarian,  Edwin  G.  Nourse. 

For  Treasurer,  W.  L.  Stebbings. 

For  Trustee,  John  W.  Cloud,  G.  A.  M.  Liljencrantz. 

The  time  for  closing  the  polls  was  fixed  at  12  noon,  January  2,  1895.  Messrs. 
J.  J.  Reynolds,  Ralph  Modjeski  and  R.  H.  Bethel  were  appointed  tellers  to  receive 
and  count  the  votes  at  the  annual  election. 

The  resignations  of  Messrs.  Geo.  D.  Stonestreet,  Wm.  Forsyth  and  Charles  W. 
Stewart  were  accepted. 

Bills  amounting  to  $140.13  were  approved  and  ordered  paid. 

At  the  meeting  of  the  Board  held  this  day,  the  following  named  gentlemen 
were  elected  to  membership  : 

As  members,  VV.  I.  Babcock,  George  B.  Christie,  Howard  A.  Coombs,  Ferd  G. 
Gasche,  Ciias.  W.  Hotchkiss,  George  A.  Lederle,  Jessie  Lowe,  John  C.  Nickson,  H. 
F.  J.  Porter,  Edwin  C.  Reynolds,  William  H.  Stearns  and  Charles  H.  Wilson. 

As  Associates,  Charles  E.  Schauffler  and  C.  H.  Vehmeyer. 

The  resignations  of  F.  L.  Clerc,  W.  C.  D.  Gillespie,  George  D.  Hersey  and 
Charles  W.  Maynard  were  accepted. 

Bills  amounting  to  1316.32  were  approved  and  ordered  paid. 

The  following  report  of  the  Committee  on  Life  ^Members  was  accepted  and 
referred  to  the  Society  : 

To  the  Board  of  Directors  of  the  Western  Society  of  Engineers  : 

The  Committee  to  wiiom  the  standing  of  the  Life  Members  of  the  Society  was 
referred,  submit  tiie  following  report : 

The  Western  Society  of  Engineers  came  into  existence  at  the  time  of  its  incor- 
poration in  1880.  It  was  a  new  organization  at  that  time,  its  only  connection  with 
the  old  Engineers'  Club  of  the  Northwest  being  that  the  members  of  that  club 
became  the  charter  members  of  the  Society. 

The  provision  of  Section  6  of  Article  IV  of  the  Constitution  provides  that  a 
member  who  has  been  a  member  for  20  years  may  become  a  Life  Member  in  the 
manner  provided  in  the  By-Laws. 

Section  7  of  Article  IV  of  the  By-Laws  provides  that  any  member  who  shall 
have  paid  all  fees,  dues  or  assessments  that  may  have  accrued  against  him  for  a 
])eriod  of  20  consecutive  years,  shall,  upon  rote  of  the  Board  of  Directors  at  any 
regular  meeting,  become  a  life  member. 

Your  Committee  does  not  see  how  the  provision  of  the  Constitution  can  be 
held  to  cover  a  period  antedating  the  organization  of  the  Society.  Your  Committee 
is  unable  to  learn  that  any  such  votes  have  ever  been  passed  by  the  Board  of 
Directors.  In  a  strictly  legal  view,  the  Society  has  no  Life  Members,  except  Mr. 
Morehouse,  who  was  specially  made  so  by  vote  of  the  Society. 

Your  Committee,  however,  believes  that  it  would  be  unwise  to  enforce  this 
legal  condition  in  relation  to  those  who  have  been  treated  as  Life  Members  in  the 
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past,  and  recommends  that  they  be  excused  from  payment  of  all  past  and  present 

dues;  but  that  in  future  no  other  member  shall  be  considered  a  Life  Member  until 

made  so  by  vote  of  the  Board  of  Directors,  which  vote  cannot  be  passed  until  20 

years  after  the  incorporation  of  the  Society,  exiept  in  case  wheie  a  member  makes 

a  single  payment  of  $100,  as  provided  by  the  Constitution. 

Geo.  S.  Morison,    \ 

r,   -ixr    TT  1   Committee. 

R.  ^^  .  Htjnt,  J 

The  Committee  on  Quarters  reported  that  it  had  received  an  advantageous 
proposition  from  the  ngents  of  the  Monadnock  Block,  and  considered  it  advisable 
to  accept  the  proposition  and  remove  the  Society's  property  to  that  location. 

The  report  of  the  Committee  was  accepted,  and  the  Board  recommends  that 
the  Society  appoint  the  same  Committee  with  power  to  act. 

President  Herr: — There  being  no  objection,  the  re])ort  of  the  Board  of 
Directors  will  be  received  and  placed  on  file. 

Reports  of  Committees  being  in  order,  the  Secretary  read  the  report  of  the 
Committee  on  Memoir  of  the  late  Orlando  H.  Cheney. 

IN  MEMORIAM. 

Orlando  H.  Cheney, 

Died  April  13,  1894. 


The  subject  of  this  memoir  was  born  in  Ashtabula,  Ohio,  November  1,  1839. 

He  received  his  primary  education  in  the  public  schools  of  that  city,  and  after- 
wards studied  civil  engineering  in  tlie  Grand  River  Institute.  Subsequently  he  was 
engaged  for  two  years  as  a  member  of  a  corps  of  engineers  on  railroad  construction 
in  the  State  of  Ohio. 

At  the  breaking  out  of  the  War  of  the  Rebellion,  Mr.  Cheney  enlisted  as  a 
volunteer  in  the  11th  New  York  Battery,  and  served  with  distinction  through  the 
whole  period  of  active  hostilities.  His  battery  formed  part  of  the  army  of  the 
Potomac,  and  took  part  in  all  the  battles  in  which  that  army  was  engaged,  Mr. 
Cheney  participating  in  all  of  these  engagements,  except  during  the  time  he  was 
confined  in  the  hospital,  having  been  severely  wounded  in  the  battle  of  Gettysburg, 
July  3,  1863. 

After  the  close  of  the  war,  Mr.  Cheney  located  in  Chicago,  and  resided  there 
continuously  up  to  the  time  of  his  death.  For  eight  years  he  was  connected  with 
the  firm  of  Wolcott  &  Fox,  City  and  County  Surveyors,  Mr.  Wolcott  at  that  time 
occupying  the  official  position  of  County  Surveyor. 

He  was  appointed  assistant  engineer  in  the  Street  Department  of  the  city  in 
1874,  and  in  that  capacity  had  charge  of  the  construction  of  several  viaducts, 
including  the  Blue  Island  and  Milwaukee  Avenues,  in  addition  to  a  very  extensive 
list  of  street  improvements  in  the  West  Division. 

From  this  position  he  was  promoted,  in  1881,  to  the  responsible  office  of 
Superintendent  of  Sewers,  which  he  held  continuously  up  to  the  date  of  his  death. 

In  this  difficult  position  Mr.  Cheney  made  a  record  for  ability,  integrity,  tact  and 
close  attention  to  all  details  of  business,  which  it  is  safe  to  say  has  been  equalled 
by  few  men  holding  political  offices  in  this  country. 

The  fact  that  he  remained  undisturbed  through  so  many  changes  of  adminis- 
tration is  a  proof  of  the  esteem  in  which  he  vms  held  by  his  superiors  in  the  city 
government,  while  he  won  the  respect  and  affection  of  his  subordinates  and  em- 
ployees, almost  without  a  single  exception. 
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The  taxpayers  and  property  owners  felt  that  their  interests  were  safe  in  his 
hands,  and  even  the  contractors,  whom  he  held  to  a  strict  discliarge  of  their  obliga- 
tions, were  free  to  admit  tluit  lie  was  a  thoroughly  fair-minded  man,  and  that  no 
just  claims  of  theirs  ever  failed  to  receive  due  consideration  from  him. 

But  perhaps  Mr.  Cheney's  most  prominent  characteristic  as  a  public  official 
was  his  practical  realization  of  the  fact  that  such  an  official  is,  first  and  foremost, 
the  servant  of  the  public.  No  one  who  came  to  him  for  information  or  advice 
could  complain  of  a  lack  of  courteous  attention  ;  however  busy  he  might  be,  he 
would  take  personal  charge  of  the  applicant  for  information  and  look  up  the  data 
required,  often  at  a  considerable  sacrifice  of  time  ;  while  a  i)Oor  man  was  treated 
as  courteously  as  a  millionaire. 

The  immense  extension  of  the  corporate  limits  of  Chicago,  which  took  jjlace 
during  Mr.  Cheney's  incumbency  of  the  position  of  Superintendent  of  Sewers, 
caused  an  enormous  increase  in  the  work  of  that  department,  and  required  execu- 
tive ability  of  a  high  order,  together  with  unremitting  attention  to  details,  on  the 
part  of  the  dei)artment  chief,  in  order  to  get  and  keep  the  records  and  accounts  in 
proper  shape.  Previous  to  the  annexation  of  the  suburban  districts,  all  main 
sewers  were  i)aid  for  out  of  the  general  tax  levy,  but  thereafter  the  special  assess- 
ment plan  was  ad(t[)ted,  involving  a  great  deal  of  extra  office  work  and  important 
changes  in  the  system  of  liookkeeping. 

During  the  last  four  years  of  Mr.  Cheney's  life  many  more  miles  of  sewers 
were  constructed  in  the  city  of  Chicago  than  the  total  existing  mileage  inside  the 
corporate  limits  at  the  time  of  his  appointment  as  head  of  the  Sewer  Department. 

In  1871  Mr.  Cheney  married  Miss  Laura  McMahon,  wlio  lives  to  mourn  his 
loss.  Four  children  (one  son  and  three  daughters,  all  of  whom  are  living)  were 
tlie  result  of  this  union. 

Mr.  Cheney  was  elected  a  member  of  the  Western  Society  of  Civil  Engineers 
April  6,  1886. 

He  was  a  member  of  long  standing  in  the  Masonic  fraternity,  and  had  attained 
high  honors  in  that  organization,  being  Past  Master  of  Cleveland  Lodge  No.  211, 
A.  F.  &  A.  M.,  Past  High  Priest  of  Washington  Chapter  No.  43,  and  Past  Eminent 
Commander  of  Chicago  Commandery  No.  19,  Knights  Temjilar.  He  was  also  a 
member  of  U.  S.  Grant  Post  No.  28,  G.  A.  R. 

Mr.  Cheney  was  particularly  happy  in  his  home  life.  His  genial  character, 
so  admired  by  his  friends,  doubly  endeared  him  to  his  family. 

To  them,  in  their  bereavement,  ilie  sincere  sympathy  of  this  Society  is  tendered. 

Sam'i,  G.  Artingstall, 
Robert  P.  Browx, 
F.  H.  Davies. 

On  motion,  it  was  voted  that  the  report  be  accepted  and  placed  on  file,  and 
tliat  a  copy  be  sent  to  the  family  of  the  deceased. 

President  Herr  ; — Under  the  head  of  new  business  I  would  refer  to  a  portion 
of  the  report  of  the  Board  of  Directors  which  relates  to  quarters  for  the  Society. 
Our  i)resent  lease  ex])ires  on  the  30th  of  April  next.  Tiie  Board  api)ointed  a 
Committee  on  Quarters,  and  tiiis  committee  has  done  some  very  good  work.  It  has 
a  i^roposition  from  the  agents  of  the  Monadnock  Block  for  about  1,050  square  feet 
of  space  for  nearly  the  same  rental  as  we  are  now  paying  in  the  Lakeside  Building 
for  about  720  square  feet. 

It  was  moved   by  Mr.  Randolph  that  the  same  Committee  (Messrs.  Strobel, 
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Apj>leton  and  Ronev)  be  appointed  a  Cotninittee  of  the  Society  witli  power  to  act 
in  securing  quarters  for  the  Society.     Motion  seconded  and  carried. 

Pkesident  Herb: — The  tellers  now  have  ready  their  report  of  the  election, 
which  I  will  read  : 

Chicago,  Janitary  2, 1895, 
To  the  Western  Society  of  Engineers  : 

We,  the  undersigned  Election  Judges,  appointed  by  the  Board  of  Directors, 
having  canvassed  the  votes  cast  for  the  election  of  officers  for  1895,  respectfully 
submit  the  following  result. 

Total  number  of  votes  cast,  170,  of  which 
For  President. 

Mr.  Horace  E.  Horton 122 

Mr.  Willard  A.  Smith 47 

First  Vice-  President. 

Mr.  L.  P.  Morehouse 92 

Mr.  Daniel  W.  Mead 76 

Second  Vice-President. 

Mr.  T.  T.  Johnston 92 

Mr.  Henry  C.  Draper 77 

Secretary  and  Librarian. 

Mr.  Charles  J.  Roney 138 

Mr.  Edwin  G.  Nourse 31 

Treasurer. 

Mr.  David  L.  Barnes 105 

Mr.  W.  L.  Stebbings 63 

T'rustee. 

Mr.  G.  A.M.  Liljencrantz 98 

Mr.  John  W.  Cloud 72 

James  J.  Reynolds, 
Ralph  Modjeski, 
R.  H.  Bethel. 
I  therefore  annoimce  the  following  officers  elected  for  the  present  year  : 
President,  Horace  E.  Horton. 
First  Vice-President,  L.  P.  Morehouse. 
Second  Vice-President,  T.  T.  Johnston. 
Sea-etary  and  Librarian,  Charles  J.  Roney. 
Treasurer,  David  L.  Barnes. 
Trustee,  G.  A.  M.  Liljencrantz. 

The  Secretary: — Mr.  President,  there  is  one  thing  that  I  hope  will  not  be 
overlooked.  During  the  whole  of  this  year  we  have  held  our  meetings  in  the 
Grand  Pacific  Hotel,  without  any  expense  to  the  Society.  Last  year  we  paid  from 
$10  to  $15  per  night  for  the  use  of  a  meeting-room.  The  management  of  this  hotel 
certainly  deserves  the  thanks  of  the  Society  for  their  generous  provision  for  our 
welfare  in  this  respect. 

Mr.  R.  P.  Brown  moved  that  the  thanks  of  the  Western  Society  of  Engineers 
be  extended  to  Messrs.  Drake,  Parker  &  Co.,  of  the  Grand  Pacific  Hotel,  for  the 
free  use  of  a  meeting-room  for  the  Society  during  the  past  year,  stating  that  the 
Society  fully  appreciates  their  kindness.     Motion  seconded  and  carried. 
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President  Heer: — Before  adjourning  to  tlie  banquet  which  now  awaits  us,  I 
wish  to  tliaiik  the  members  for  their  assistance  during  tlie  past  year,  and  for  not 
making  the  President  any  more  trouble  tlian  seemed  necessary.  I  hope  that  the 
next  year  may  be  more  prosperous  than  this  has  been,  and  that  you  may  sustain 
your  new  President  as  fully  as  you  have  tlie  retiring  one. 

The  meeting  then  adjourned  to  the  banquet  hall  adjacent,  where,  after  a  time 
liad  been  spent  in  appeasing  the  hunger  and  thirst  of  the  members  and  guests,  the 
meeting  was  again  called  to  order  by  President-elect  Horton,  Chairman  of  the 
Committee  on  E.KCursions  and  Entertainments,  and  a  song,  "  The  Chorister,"  by 
Masters  Davison  and  Soden  of  Grace  Church  Choir,  accompanied  by  Professor 
Henry  B.  Roney,  was  listened  to. 

The  report  of  the  President  for  the  year  1894  was  then  read  by  the  retiring 
President,  Mr.  H.  B.  Herr,  as  follows  : 

r/te  Western  Society  of  Engineers  : 

Gentlemen: — Our  By-Laws  provide  that  "at  the  Annual  Meeting  the  Presi- 
dent shall  present  a  report  containing  a  statement  of  the  general  condition  of  the 
Society  and  a  summary  of  engineering  progress  during  the  preceding  year."  This 
latter  provision  was  probably  framed  when  we  were  styled  the  "  Civil  Engineers' 
Club  of  the  Northwest,"  and  the  term  "engineering,"  was  meant  to  be  used  in  a 
limited  sense,  to  include  only  what  might  be  classed  as  civil  engineering.  A  sum- 
mary of  such  progress  might  be  essayed,  but  to  summarize  the  progress  of  all 
branches  of  engineering,  and  present  it  at  one  reading,  seemed  impracticable. 
So  I  trust  you  will  pardon  my  limiting  the  report  to  the  "  condition  of  the 
Society." 

Tliose  members  who  availed  themselves  of  the  opportunity  for  attending  our 
meetings,  visiting  our  library  room,  and  enjoying  the  delightful  excursions  made, 
have  much  of  the  information  this  report  contains,  but  those  who  could  not,  or  did 
not,  come  into  such  close  contact  with  the  operations  of  the  Society,  may  find 
something  of  interest  in  what  will  be  briefly  stated. 

As  per  our  Secretary's  report,  we  commenced  the  year  just  closed,  with  338  mem- 
bers of  all  grades,  of  whom  5  have  since  entered  into  their  last  sleep.  Resignations 
have  added  14  more  to  our  losses.  Yet  at  the  close  of  the  year  our  membership 
numbers  416,  including  all  grades.  There  are  several  cogent  reasons  for  this 
handsome  rally  to  our  ranks.  The  able  and  affable  manner  in  which  our  Secretary 
conducted  his  oflice;  the  growth  in  usefulness  of  our  library;  the  plea«ant  and 
profitable  excursions  made  ;  the  laudable  efforts  of  several  members  ;  the  appoint- 
ment of  a  Reorganization  Committee;  and  the  general  policy  of  our  Board  of 
Directors.  These  were  undoubtedly  the  main  inducements  offered  which 
attracted  our  new  membership. 

By  pursuing  the  same  economical  financial  policy  as  that  inaugurated  by  the 
preceding  Board,  our  Directors  paid  out  of  last  year's  income,  for  expenditures 
incurred  during  1893,  $781 .72  ;  also  all  the  expenses  for  1894,  and  have  saved  out  of 
that  income  a  small  amount  ($96.42)  which  they  present,  as  a  New  Year's  gift,  to 
the  incoming  Board.  In  addition,  they  hand  over  all  collections,  to  date,  of 
dues  for  1895.  (See  Secretary's  report).  It  is  worthy  of  remark  that  this  is  the 
first  time  for  some  years  that  the  income  for  any  one  year  was  not  raided  for  pay- 
ment of  expenses  of  the  preceding  year.  May  we  not  then  rejoice  in  the  realiza- 
tion of  a  healthy  financial  basis?  Yet  it  is  far  from  a  solid  one.  This  will  only 
be  when  all  our  ordinary  expenses,  at  least,  are  paid  out  of  the  income  for  the  year 
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in  which  tliey  are  incurred,  without  a  subscription  list,  and  after  i)Uicing  all  initia- 
tion fees  in  a  })ermanent  fund. 

In  taking  up  their  lal)ors,  the  Board  of  Directors,  in  comparing  the  probable 
expenses,  including  those  for  1893  unpaid,  with  the  probable  income  for  the  vear, 
found  that  the  necessary  expenditures  for  assessments  to  be  levied  by  the  Association 
of  Engineering  Societies,  rent,  janitor  services,  printing  proceedings,  stationery,  post- 
ace,  etc.,  would  probably  absorb  more  than  the  income.  On  account  of  the  un- 
expectedly large  addition  to  our  membership,  this  hypothesis  was  incorrect,  as 
shown  by  the  small  balance  the  other  way. 

Under  such  conditions,  they  found  it  inexpedient  to  recommend  the  payment 
of  salary  to  the  Secretary  and  Librarian  from  the  Society  funds,  but  favored  a  sub- 
scription for  that  i)urpose.  The  amount  of  this  subscrijilion,  as  determined  by 
the  Society,  was  to  be  §1000.00.  Surely  a  paltry  sum  for  the  valuable  services 
rendered,  yet  it  was  not  all  collected,  though  a  special  committee  for  the  pur- 
pose made  an  earnest  effort  towards  its  consummation.  Tlie  deficiency  of  $102.60 
was  paid  by  the  Board  from  the  Society  funds,  with  the  idea  that  any  further  col- 
lections should  go  to  that  fund. 

The  necessity  for  resorting  to  subscription  for  the  payment  of  indispensable 
services  was  one  of  several  important  considerations  which  led  to  the  recommenda- 
tion, by  the  Board,  of  our  withdrawal  from  the  Association  of  Engineering 
Societies. 

A  library  room,  with  a  competent  librarian  in  attendance  daily  during  ordinary 
business  hours,  was  a  new  feature  inaugurated  last  year.  Such  attendance  could  not 
have  been  had  but  for  the  generous  offer  of  Mr.  Roney  to  give_  the  attendance  for 
such  renumeration  as  the  Society  might  award  him,  and  for  benefits  to  result 
towards  building  up  a  creditable  library. 

At  the  beginning  of  the  year  we  had  about  1,070  bound  volumes,  about  4,200 
unbound  volumes,  magazines  and  pamphlets,  with  about  900  maps,  charts,  atlases,  etc. 
These  were  uncalalogued,  and  of  little  use  to  the  Society.  Now  we  have  about 
2,000  bound  volumes,  and  about  7,800  unbound  volumes,  periodicals  and  pamphlets 
with  a  large  increase  of  maps  and  charts.  About  2,000  of  these  are  classified 
and  listed  for  ready  reference,  and  a  librarian  is  in  attendance.  From  my  own 
observations  I  am  sure  many  members  can  testify  to  profitable  time  spent  in  glean- 
ing therefrom  during  the  past  year. 

The  great  accessions  to  the  library  must  be  attributed  to  the  earnest  efforts  of 
our  librarian  in  soliciting,  and  the  liberal  spirit  of  a  number  of  our  members  in 
making  donations,  aided  by  such  assistance  as  the  Committee  on  Library  afforded. 
The  meagre  salary,  $500.00,  paid  the  librarian,  Mr.  Roney,  for  his  valuable  services 
during  the  year,  was,  as  you  all  know,  entirely  incommensurable  with  the  value  re- 
ceived, and  the  thanks  of  the  Society  are  due  him  for  his  unselfish  zeal  in  devoting 
so  much  of  his  time  to  our  benefit.  From  what  has  been  done  in  the  past  year,  may 
we  not  hope  to  secure  in  the  near  future,  to  the  profession  and  to  this  city,  a  library 
creditable  to  the  times,  the  place,  and  our  Society  ? 

When  we  consider  the  secretarial  labors  incident  to  the  holding  of  13  meetings 
of  the  Society;  27  meetings  of  the  Board  of  Directors,  with  a  great  deal  of  com- 
mittee work,  looking  up  papers  to  be  read  before  the  Society  ( 13  in  number  last 
year),  and  the  many  other  calls  upon  the  Secretary's  time,  we  must  admit  that 
such  services  are  worth  much  more  than  the  paltry  $500.00  he  received  for  the 
entire  year's  work,  if  efficient  service  is  given.  Tliat  our  Secretary,  Mr.  Appleton, 
has  conducted  the  affairs  of  the  Society  in  a  highly  satisfactory  manner,  is  evident  to 
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every  member  of  our  Board  of  Directors,  at  least.  Tlie  records  are  in  admirable 
condition,  and  we  have  prospered  well  under  his  carefid  methods  and  general  com- 
radeship ;  he  is  eminently  entitled  to  the  thanks  of  the  Society. 

Excursions  to  various  places  of  interest  and  instruction  were  a  marked  feature 
of  last  year's  conduct  of  the  Society.  Our  Committee  on  Excursions  and  Enter- 
tainment deserves  our  thanks  for  the  valuable  time  devoted  to  our  pleasure  and  our 
general  welfare  in  planning  and  carrying  to  completion  so  many  pleasurable  excur- 
sions, and  without  using  a  dollar  of  the  Society  funds. 

At  our  February  meeting,  a  Committee  on  Reorganization  w:is  created  for  the 
purpose  of  preparing  a  new  Constitution  and  By-Laws,  adapted  to  the  needs  of  an 
Engineering  institution  on  a  higher  and  more  national  plane  than  our  present 
organization.  This  Committee  commenced  its  labors  with  much  enthusiasm  and 
gave  promise  of  a  great  stride  towards  that  eminence  which  we  should  reach  at  an 
early  day.  But  alas!  the  summer  heat  came,  and,  like  the  prairie's  verdure,  it 
withered,  but  not  to  revive  again  with  the  cooling  rains  of  autumn,  as  did  the  grass 
on  plain  and  slope;  so  we  are  still  under  the  old  Constitution  and  By-Laws.  And 
this  in  Chicago  I — where  are  monuments  on  every  hand  proclaiming  such  rapid 
advances  in  business,  in  art,  in  architecture  and  engineering  as  are  not,  and  have 
not  been,  elsewhere  on  this  planet. 

Engineers  have  been  styled — and  properly  too — the  pioneers  of  civilization. 
Why  then  does  our  Society  follow  in  the  wake  of  this  stupendous  march  onward? 
Why  not  leap  to  the  front,  keeping  pace  with  our  City's  progress,  and  take  a  lead- 
ing place  amongst  the  Engineering  Societies  of  this  country?  Why  not  take  up 
the  Chicago  spirit  which  secured  tlie  site  for,  then  conceived  and  carried  to  com- 
pletion, the  grandest  World's  Fair  mortals  have  ever  beheld  ?  That  spirit,  which  is 
cutting  through  soil,  drift  and  rock,  our  ample  drainage  channel,  magnificent  in  its 
proportions,  invaluable  in  the  benefits  it  will  secure  to  our  City,  and  eventually  to 
the  commerce  of  the  entire  country?  That  spirit,  determination  and  enterprise,  in 
short,  which  has  made  Chicago  the  wonder  of  the  world  ?  In  my  opinion,  Gentle- 
men, you  will  be  "behind  the  times,"  in  comparative  obscurity,  until  you  take  on  a 
National  character,  and  stand  upon  the  high  plane  compatible  with  nationality. 

Had  our  business  men  been  terrified  by  the  New  York  idea,  that  Chicago  was 
not  competent  to  present  a  successful  exhibition  to  the  world,  and  yielded  to  the 
demands  of  that  city,  the  site  for  the  World's  Exposition,  is  there  one  of  you  to-day 
who  will  say  that  a  city  of  such  magnificence  would  have  been  erected  there  as  was 
the  fair  "  White  City "  reared  upon  one  of  our  primeval  swamps?  Why  then 
heed  the  mutterings,  from  that  same  quarter,  against  our  advancement  to  the 
highest  place,  and  against  the  publication  of  our  own  productions,  as  is  done  by 
almost  every  other  kindred  organization  the  world  over?  See  editorial  in  Engineer- 
r«(7  iV(?ifs,  November  15,  1894.  You  should  all  read  that.  It  is  well  calculated  to 
increase  the  ranks  of  our  "  turbulent  members."  The  last  two  words  are  quoted 
from  the  editorial. 

Although  we  may  congratulate  ourselves  for  the  progress  made  in  certain 
directions  during  the  year,  I  must  confess  that  all  was  not  accomplished  which 
should  have  been,  and  might  have  been  effected  under  a  stronger  guiding  hand. 
Let  me  assure  you,  however,  that  any  remissness  on  my  part  was  due  to  my  in- 
capacity for  the  honorable  position  you  thrust  upon  me,  and  not  to  willful  negligence 
or  lack  of  interest  in  the  Society's  welfare. 

I  wish  to  make  note  of  my  high  appreciation  of  the  consideration  and  courtesy 
accorded  me  by  the  officers  and   members   generally.      Thereby   you   and   they 
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greatly  facilitated  my  labors  as  presiding  officer,  and  made  for  me  a  iileasurable 
duty,  what  had  otherwise  been  a  disagreeable  task. 

My  greatest  pleasure  in  the  way  of  my  official  functions  comes  at  this  moment, 
in  proposing  the  health  of  my  wisely  selected  successor.  He  is  known  to  you  as 
one  of  our  most  useful  members,  one  of  our  best  engineers,  and  I  know  he  will  be 
one  of  our  very  best  presidents. 

Long  life  and  pros{)erity  to  our  genial  fellow-member,  and  a  happy  reign  to 
oiu-  President,  Mr.  Horton. 

Mr.  Hokton: — The  members  of  the  Society  know  thnt  the  Board  of  Directois 
is  required  to  see  that  at  least  two  names  are  on  the  ticket  for  each  office  to  be 
tilled  at  the  annual  election.  On  one  occasion  the  Board  had  to  make  the  entire 
list.  I  have  been  honored  with  a  place  on  the  ticket  so  frequently,  and  have  so 
often  been  "turned  down  "  without  an  opportunity  to  make  a  speech,  that  I  am 
now  placed  in  an  unexpected  position,  and  have  nothing  to  say  in  the  way  of  an 
address,  and  in  that  connection  I  will  call  on  Mr.  Willard  A.  Smith,  who  will,  I 
trust,  say  those  things  that  I  would  like  to  say. 

Mr.  Willard  A.  Smith. — Mr.  President  and  Gentlemen,  this  is  hardly  fair. 
Mr.  Horton  and  I  made  a  blind  deal  on  this  matter  and  had  an  excellent  address 
prepared  between  us,  and  as  he  was  the  successful  candidate  he  should  have 
delivered  it,  and  now,  with  that  address  in  his  inside  pocket,  he  calls  on  me  for  a 
speech.  ...  I  can  only  take  this  occasion  to  congratulate  the  Society  on  the 
very  decided  progress  which  it  has  made  during  the  year,  and  which  it  has  so 
admirably  crowned  in  its  selection  of  officers  for  the  coming  year.  I  predict  for 
the  Society  a  year  of  greater  prosperity  than  it  has  ever  yet  had,  I  fully  agree  with 
the  remarks  of  our  retiring  President  regarding  the  future  of  the  Society  and  what 
it  should  be.  I  fully  agree  with  him  that  no  men  and  no  society  ever  achieved 
greatness  without  first  having  planned  for  greatness  and  attempted  it,  and  that  this 
Society  will  never  meet  the  full  demands  of  its  location,  will  never  ri<e  to  the  oppor- 
tunity which  is  its  opportunity,  until  it  does  plan  for  great  things.  Those  who 
always  fear  that  they  may  be  going  ahead  too  fast,  never  will  get  there.  That  is 
especially  true  of  societies  of  this  kind.     It  is  especially  true  of  Chicago. 

If  we  have  the  ambition,  if  we  have  the  nerve  to  attempt  it,  we  may  achieve  very 
great  things.  Chicago  looks  to  us  to  do  it,  the  country  looks  to  us  to  do  it,  the  world 
looks  to  us  to  do  it.  I  believe  fully  that  we  should  reorganize  and  make  every 
attempt  in  our  power  to  place  ourselves  in  that  position  whicli  our  retiring  President 
has  so  well  placed  before  us  to-night. 

Mr.  Horton  then  called  on  Mr.  N.  B.  Patton,  President  of  the  Municipal 
Improvement  League,  who  spoke  of  the  work  of  the  League  in  attempting  to  guide 
public  sentiment  and  official  bodies  so  as  to  avoid  the  construction  of  monstrosities. 

At  the  suggestion  of  Mr.  Horton,  Mr.  Appleton  then  read  the  following  com- 
munication from  Mr.  E.  L.  Corthell : 

"  Mr.  E.  L.  Corthell  sends  to  Mr.  Appleton  the  compliments  of  the  season  and 
best  wishes  for  the  new  year  for  himself  and  the  society  he  has  so  ably  served  the 
past  year.  May  there  grow  out  of  this  year's  hard  work  and  out  of  the  abundance 
of  good  elements  and  talents,  a  greater  society  on  a  broader  basis  and  a  deeper 
foundation.     Health  is  returning. 

"Berxe,  Suisse,  December,  1894." 
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Mr.  Randolph  : — May  I  suggest,  Mr.  President,  that  this  Society  transmit  to 
our  ex-President  its  new-year's  greetings,  and  the  liope  that  he  may  be  speedily 
restored  to  health. 

Mr.  Horton: — The  sentiments  shall  be  sent  as  the  sentiments  of  the  Society. 
(A  telegram  was  sent  by  cable  to  Mr.  Corthell  at  this  time.) 

Song  "  Old  Folks  at  Home,"  by  Master  Charlie  Davison.  Mr.  George  H. 
"Wilson,  President  of  the  Engineers'  Club  of  St.  Paul,  then  responded  to  a  call  from 
Mr.  Horton  with  some  felicitous  remarks. 

Mr.  Hortox  : — Gentlemen,  we  are  all  engineers  here  this  evening,  but  when 
I  call,  as  I  do,  for  the  greatest  of  our  engineers,  I  am  belittling  none  of  the  others. 
We  will  now  listen  to  Mr.  George  S.  Morison. 

Mr.  Morisox: — Mr.  President,  I  wish  you  had  not  called  me  up  in  that  way, 
which  makes  me  feel  so  much  resi)onsibility.  I  was  very  much  gratified  with  the 
definition  which  our  recent  President  gave  of  engineering,  and  I  trust  that  I  may 
apply  that  to  the  present  occasion  and  say  that  as  he  defined  engineering  to  be  a 
thorough  knowledge  of  the  Western  Society  of  Engineers,  that  there  is  no  one  here 
who  wishes  better  for  the  future,  the  present  and  all  the  good  of  the  Society  than 
I  do. 

A  great  deal  has  been  said  about  the  Western  Society,  and  there  are  a  few 
things  which  I  would  like  to  call  attention  to.  It  is  said  that  we  have  turbulent 
members.  Turbulent  members  may  be  divided  into  two  kinds.  It  is  said  tliat  there 
are  kickers  in  this  world,  and  that  there  are  croakers.  The  kicker  makes  a  fuss 
and  accomplishes  his  object,  the  croaker  does  nothing  but  find  fault.  I  think  that 
we  may  say  that  the  turbulent  members  are  all  kickers.  I  do  not  think  that  we 
have  many  croakers.  And  I  believe  that  their  kicking  has  done  a  great  deal 
of  good.  I  believe  that  we  did  a  great  deal  of  good  when  we  kicked  at  the  Associ- 
ation of  Engineering  Societies,  and  I  am  very  glad  that  the  Association  kicked  back. 
We  had  a  kicking  match,  and  we  are  still  in.  I  do  not  think  it  has  done  anybody 
any  harm,  and  I  think  it  lias  done  all  a  great  deal  of  good. 

Now  we  have  had  a  Committee,  which,  I  understand  from  what  has  been  said 
before,  is  no  longer  on  the  subject  of  reorganization.  We  are  engineers,  and  as 
engineers  we  are  supposed  to  understand  mathematics,  and  to  know  that  there  is 
more  than  one  dimension  in  this  world.  An  account  has  been  given  of  a  strange 
race  who  lived  in  the  land  of  one  dimension  and  could  only  move  in  one  direction. 
Now  I  think  the  Western  Society  made  its  great  advance  when  it  took  its  present 
name  and  its  present  character.  That  was  nearly  fifteen  years  ago.  What  was 
once  the  Civil  Engineers'  Club  of  the  Northwest  became  the  Western  Society  of 
Engineers  ;  it  discarded  the  word  "  civil,"  it  merely  said  it  was  a  Western  Society, 
but  not  merely  a  Western  Society  of  Civil  Engineers.  We  have  a  national  Society 
of  Civil  Engineers,  another  of  Mechanical  Engineers,  another  of  Mining  Engineers, 
and  various  others.  All  those  Societies  have  extension  in  two  dimensions,  but 
they  are  both  horizontal  dimensions;  they  have  an  indefinite  geographical  exten- 
sion, but  a  limited  i)rofessional  extension.  I  do  not  see  why  the  Western  Society 
cannot  make  its  extension  in  the  remaining  dimension  instead  of  trying  to  be  a 
National  Society.  It  cannot  be  the  only  society  of  the  country,  but  it  can  be  the 
leading  society  which  embraces  all  kinds  of  engineering.  That  is  its  true  method 
of  extension,  and  that  is  the  true  meaning  of  the  step  it  took  when  it  reorganized 
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fifteen  vears  ago,  when  it  adopted   its  present  name  and  when  it  began  to  become 
what  it  w  ill  very  soon  be. 

Our  past  President  has  given  us  a  pretty  full  statement  of  what  this  Society 
has  done  during  the  past  year.  It  is  a  plain  statement  of  dollars  and  cents.  The 
Society,  which  was  heavily  in  debt  a  year  ago,  has  now  a  small  surplus  on  hand. 
If  durint'  the  coming  year,  it  does  no  better  than  it  did  last  year,  it  will  be  able  to 
pay  all  its  current  expenses,  including  its  salaries,  out  of  the  receipts  of  the  coming 
year.  If  it  does  that  next  year,  as  I  fully  expect  it  will,  one  year  more  will  put  it 
on  the  basis  of  paying  its  expenses  out  of  what  are  strictly  revenues,  without  in  any 
wav  encroaching  on  admission  fees  or  other  things  which  by  any  possibility  can  be 
called  capital. 

It  seems  to  me  that  we  are  doing  well,  and  that  we  have  simply  to  keep  on  as 
our  past  President  and  Secretary  have  helped  us  to  do  in  the  past,  and  as  I  believe 
our  new  President  and  Secretary  will  do  in  the  future,  to  make  the  Society  all  that 
any  of  us  really  want  it  to  be,  the  leading  society  of  the  West  in  every  branch  of 
engineering. 

Judge  Vincent,  of  the  Civic  Federation,  was  then  called  on  by  Mr.  Horton, 
and,  in  the  course  of  his  remarks,  said  :  "  I  know  of  no  class  in  the  community 
who  are  more  thoughtful,  who  are  more  intelligent,  than  those  who  devote  them- 
selves to  the  profession  of  engineering,  and  it  has  been  a  matter  of  surprise  and  a 
matter  of  regret  to  me  in  the  experiences  which  I  have  already  related,  that  men 
who  have  such  tremendous  responsibility,  who  have  interests  of  such  magnitude 
intrusted  to  them,  both  as  to  their  ability,  their  capacity  and  their  honesty,  are  so 
poorly  paid.  I  know  of  no  professional  men  in  the  world  who  render  so  great  and 
so  valuable  services  at  such  small  remuneration  as  does  an  engineer,  and  I  hope  the 
time  will  come  when  the  laborer  who  is  an  engineer  will  be  worthy  of  his  hire,  and 
that  his  brothers  in  the  profession  will  not  attempt  to  cut  down  his  fees,  but  will  do 
as  they  do  in  the  law,  sustain  him  in  any  fair,  reasonable  and  liberal  charge." 

(Song,  "The  Fisherman,"  by  Masters  Davison  and  Soden.) 

Mr.  Horton  then  called  upon  Mr.  Randolph,  who  spoke  of  the  work  under  his 
charge,  the  Sanitary  District  Canal. 

Mr.  Horton  then  called  on  Mr.  B.  L.  Crosby,  of  the  Engineers'  Club  of  St. 
Louis,  who,  in  responding,  said  ;  I  was  very  much  interested  in  hearing  how  you 
manage  your  affairs  over  here,  particularly  as  regards  your  library.  Our  St.  Louis 
Club  is  much  smaller  than  yours,  and  on  account  of  our  small  membership  we 
cannot  pay  salaries  so  as  to  have  our  library  properly  taken  care  of,  hence  it  is  of 
little  use  to  us.  During  the  hard  times  of  the  past  year  we  have  just  about  held 
our  own  as  to  membership,  and  we  close  the  year  with  a  small  cash  surplus  and 
no  debt. 

Now  that  I  have  seen  what  your  membership  is,  I  think  that  if  I  had  been  a 
member  of  the  Western  Society  I  should  have  joined  most  heartily  in  your  move- 
ments to  withdraw  from  the  Association  of  Engineering  Societies.  I  think  such 
a  Society  as  yours  is  well  able  to  take  care  of  itself.     (Applause.) 

As  smaller  societies,  we  could  not  afford  to  publish  our  papers,  and  I  think  the 
Association,  which  was  formed  for  that  purpose,  is  a  grand  thing  ;  but  whenever  the 
St.  Louis  Club  gets  so  it  can  stand  on  its  own  feet,  as  you  evidently  can  here,  if  I 
am  still  a  member  of  the  Club,  I  shall  advocate  some  such  move  as  you  attempted- 
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But  I  can  say,  on  ilie  j)artof  the  St.  Louis  Club,  that  we  are  very  glad  that  you  did 
not  withdraw,  and  that  you  are  still  with  us  to  help  carry  the  load.     .     .     . 

We  should  be  very  glad  to  welcoina  any  of  you  gentlemen  at  our  meetings  at 
any  time  you  may  be  in  St.  Louis.  I  tiiink  we  have  a  good  club  and  I  extend  to 
yon  all  a  hearty  welcome.     (Applause.) 

Remarks  were  also  made  by  Professor  Hatch,  of  the  Armour  Institute  ;  Mr. 
Lorado  Taft,  of  the  Chicago  Society  of  Artists ;  Mr.  McCarthy,  of  the  Builders' 
and  Traders'  Exchange,  Mr.  Lyman  E.  Cooley,  and  Capt.  Robert  W.  Hunt,  after 
which,  owing  to  the  lateness  of  the  hour,  the  meeting  adjourned. 

Thos.  Appleton,  Secretary. 
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APPENDIX  L 
Annual  Report  of  the  Secretary  for  the  Year  1894. 
To  the  Western  Society  of  Engineers : 

At  tlie  beginning  of  my  term  of  office  tlie  records  showed  the  total  memlership 

of  the  Society  to  be 33S 

Since  that  time  the  losses  have  been  : 

By  death, 5 

"    resignation, 14 

Total  losses, 19 

During  the  year  there  have  been  elected  : 

Members, 63 

Associates, 25 

Juniors, 2 

Delinquents  reinstated, 7 

Total  additions, 97 

A  net  gain  of 78 

Making  the  total  membership  at  present,  including  those  recently  elected. 

but  not  yet  qualified 416 

Comprised  of  Members, 389 

"  "    Associates, 25 

"  "    Juniors, 2 

Death  has  been  an  active  agent  in  cutting  down  our  membership  list  this  year. 
The  following  liave  pai-sed  over  to  the  great  M;ijority  : 

Wm.  H.  Lotz,  who  died  January  31st. 

Abraham  Gottlieb,         "       "  February  9th. 

Isaac  Lincoln,  "      "  March  13th. 

Orlando  II.  Cheney,      "      "  April  13th. 

Joseph  P.  Card,  "      "  October  22d. 
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During  the  existence  of  tliis  Society  many  have  lost  their  rights  to  membership 
tliroiigli  faihire  to  pay  dues.  So  Air  as  the  present  Secretary  lias  been  able  to  ascer- 
tain, there  is  no  record  of  any  such  person  having  been  officially  dropi)ed  from  the 
rolls  of  the  Society  i)revious  to  January  3,  1894.  At  that  time  96  names  were 
dropi)ed  from  the  rolls  of  the  Society  for  delinquency.  In  some  cases  this  delin- 
(jnency  extended  back  several  years;  in  others  it  was  for  the  year  1894.  Seven 
members,  who  were  cut  off  a  year  ago,  have  i)aid  up  all  arrearages  and  have  been 
reinstated.  The  sum  of  the  amounts  due  from  delinquents  of  one  year  ago  was 
$1,540.00.     Of  this  amount,  $92.50  has  been  collected  this  year. 

The  number  of  cases  of  delinquency  for  1894,  which  will  be  rejiorted  to  the 
next  meeting  of  the  Board  of  Directors  is  14,  with  a  total  amount  of  ^130.00. 

The  Society  has  held  13  meetings  during  the  year,  departing  from  the  usual 
custom  of  omitting  the  July  and  August  meetings.  The  attendance  at  meetings 
has  varied  from  30  to  91,  averaging  55  per  meeting. 

The  following  i):ipers  have  been  read  : 

February  7th,  "A  Method  of  using  High  Explosives  as  a  Means  of  Propulsion 
in  Aerial  Navigation,'   by  Dr.  Pynchon. 

March  7th,  "Original  Construction  of  the  Burlington  Bridge,"  by  Mr.  C.  H. 
Hudson,  M.  \V.  S.  E. 

April  4th,  "  Some  Notes  on  the  German  Collective  Exhibit  of  Engineering  at 
the  World's  Columbian  Exposition,"  by  Mr.  Charles  J.  Roney,  M.  W.  S.  E. 

May  2d,  "  The  New  Tunnel  of  the  West  Chicago  Street  Railway  under  Chicago 
River  near  Van  Buren  Street,"  by  Mr.  Charles  V.  Weston,  M.  W.  S.  E. 

June  6th,  "Typiioid  Fever  and  the  Epidemic  at  Ironwood,  ^lichigan,"  by  Mr. 
E.  A.  Rudiger,  M.  W.  S.  E. 

June  0th,  "The  Halsted  Street  Lift  Bridge,"  by  Mr.  Samuel  M.  Rowe, 
M.  W.  S.  E. 

July  11th,  "The  Covered  Reservoir  of  the  Rockford  Water  Works,"  by  Mr. 
Charles  C  Stowell,  M.  W.  S.  E. 

Same  date,  "The  Corrosion  of  Iron  Pipes  by  the  Action  of  Electric  Railway 
Currents,"  by  Mr.  D.  C.  Jackson,  M.  W.  S.  E. 

August  1st,  "A  Prefatory  Descrii)tion  of  the  Organization  and  Works  of  the 
Sanitary  District  of  Chicago,"  by  Mr.  Isham  Randolph,  M.  W.  S.  E. 

September  19,  "Strains  and  Deflections  in  Solid  Bridge  Floors,"  by  Mr.  Henry 
Goldmark,  M.  W.  S.  E. 

October  3d,  "  Notes  on  a  Broken  Pinion  Shaft,"  by  Mr.  Onward  Bates,  M.W.  S.  E. 

October  3d,  "General  Hydraulics  of  the  Chicago  Main  Drainage  Channel,"  by 
Mr.  T.  T.  Johnston,  M.  W.  S.  E. 

November  7th,  "Refrigeration  by  Carbon  Dioxide,"  by  Mr.  E.  F.  Osborne, 
M.  W.  S.  E. 

December  6th,  discussion  of  Mr.  Goldmark's  paper. 

A  total  of  thirteen  papers,  five  of  which  have  been  printed  in  the  Journal  of 
THE  Association  of  Engineering  Societies. 

All  the  meetings  of  the  Society  during  the  past  year  have  been  held  in  the 
Grand  Pacific  Hotel.  Thanks  to  the  generosity  of  Messrs.  Drake,  Parker  &  Co., 
proprietors,  we  have  been  provided  with  excellent  accommodations  without  any 
expense  whatever  to  the  Society.  Tliis  fact  is  apparent  in  the  balance  sheet  for  the 
year.  In  previous  years  tiie  Society  has  paid  from  $10  to  $15  per  night  for  a 
meeting  room. 

The  Secretary  felt,  on  entering  upon  his  duties,  tiiat  in  the  past  the  social 
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])liase  had  not  been  sufficiently  developed,  and  so  set  to  work,  with  the  approval  of 
the  Board  of  Directors,  to  encourage  this  feature.  It  seemed  desirable  to  provide 
opportunities  for  conversation,  to  afford  some  means  for  the  members  to  become 
better  acqnuinted  with  one  another.  With  this  end  in  view  he  arranged  to  keep 
the  rooms  of  the  Society  open  during  a  greater  part  of  the  business  hours  every 
week  day,  so  that  members  might  have  an  opportunity  of  meeting  there.  He  also 
made  tlie  customary  announcement,  on  notices  of  meetings,  that  those  who  could 
do  so  conveniently  would  sit  down  and  eat  together  on  the  evening  of  the  meeting, 
in  the  Grand  Pacific  Cafe.  Many  of  those  who  have  attended  these  informal 
lunches,  which  enabled  them  to  while  away  the  gap  between  office  closing  time  and 
meeting  time,  have  declared  them  to  be  an  important  and  interesting  adjunct  of  the 
formal  meetings. 

To  still  further  develop  the  social  features,  excursions  were  arranged;  the  first 
to  the  Van  Buren  Street  Tunnel  and  Power  House  of  the  West  Chicago  Street 
Railway,  April  14th.     This  was  attended  by  75  members  and  guests. 

The  second  excursion  Avas  a  trip  on  the  South  Branch  of  the  Chicago  River, 
June  2d,  to  see  the  bridges  at  Canal  and  Halsted  Streets,  and  the  pumping  works 
at  Bridgeport.  Transportation  on  this  occasion  was  provided  by  Messrs.  Shailer  & 
Schniglau,  members  of  the  Western  Society  of  Engineers,  who  kindly  placed  their 
steam  bai'ge  "Burrows"  at  the  disposal  of  the  Society.  Eighty  members  and 
guests  enjoyed  this  trip. 

Soon  after  this,  a  Committee  on  Excursions  and  Entertainments  was  appointed, 
whose  active  efforts  have  provided  the  Society  with  a  series  of  pleasant  excursions. 

August  16th,  an  excursion  on  the  lake  was  made  by  Steamer  "Ivanhoe"  to 
South  Chicago  and  thence  to  Fort  Sheri<lan.  Ladies,  guests  and  members,  to  the 
number  of  140,  enjoyed  a  most  delightful  trip. 

September  8th,  the  first  trip  to  the  Main  Channel  of  the  Sanitary  District 
of  Chicago  was  made  by  a  s])ecial  train  kindly  furnished  by  the  A.  T.  &  S.  F.  Ry. 
Some  220  members  and  guests  participated  in  this  interesting  excursion.  The  "all 
earth  "  sections  at  the  Chicago  end  of  the  line,  and  the  "all  rock"  sections  near 
the  other  end,  were  visited.  The  party  was  most  hos])itably  entertained  at  lunch 
by  Messrs.  Gahan  &  Bryne,  Associate  Members  of  the  Western  Society  of  Engineers, 
Contractors  for  Sections  F.  and  G.  of  the  Channel. 

On  the  6th  of  October-,  the  second  trip  to  the  Sanitary  District  Channel  was 
made.  The  Chicago  &  Alton  R.  R.  kindly  furnished  a  special  train  for  the  day. 
Some  258  members  and  guests  enjoyed  this  trij).  The  sections  located  between 
those  visited  on  the  first  trip  to  the  Drainage  Channel  were  inspected.  Messrs. 
Griffith  &  McDermott,  Associate  Members  of  the  Western  Society  of  Engineers, 
Contractors  for  Section  1  of  the  Channel,  provided  an  elaborate  lunch  for  the  party 
at  their  camp. 

November  17th,  a  trip  to  South  Chicago,  taking  in  several  of  the  important 
manufacturing  industries  of  that  thriving  locality,  was  made  by  a  party  of  120 
members  and  guests.  The  Baltimore  &  Ohio  R.  R.  generously  provided  a  sj)ecial 
train  for  the  convenience  of  the  i)arty. 

The  Society  was  fortunate  in  having  fine  weather  on  every  one  of  these  occa- 
sions, which  proved  most  enjoyable  and  interesting.  All  of  these  trips  have  been 
made  without  any  draft  whatever  on  the  Society's  funds ;  even  the  printing  of 
circulars  and  tickets  and  the  postage  for  mailing  the  same,  have  been  paid  for  by 
the  committee.  And,  finally,  the  same  committee  has  made  all  arrangements  for 
the  Annual  Banquet  now  about  to  take  place. 
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A  midwinter  excursion  of  the  Society  to  New  Orleans  has  been  suggested,  but 
up  to  the  present  date  no  arrangements  for  it  have  been  perfected. 

Early  in  the  year  the  Secretary  found  that  the  work  of  cleaning,  arranging 
and  listing  the  long  neglected  library  of  the  Society  would  occupy  more  time  than 
he  could  spare.  Hence  he  resigned  the  position  of  Librarian,  and  the  Board  of 
Directors  aitpointed  Mr.  Charles  J.  Roney  to  the  vacancy.  To  the  energetic, 
painstaking  and  persistent  efforts  of  Mr.  Roney  the  Society  is  indebted  for  making 
our  Library  of  use  to  the  members.  Probably  very  few  of  our  members  were 
aware  of  the  extent  and  value  of  our  collection  of  books,  charts,  etc.,  or  realized 
how  its  contents  could  be  built  up  at  comparatively  small  cost.  Of  late  the 
Librarv  has  been  visited  by  many  of  the  members  in  search  of  technical  informa- 
tion, who  have  succeeded  in  finding  on  our  shelves  the  desired  data. 

At  the  beginning  of  this  year  the  Society  was  in  debt.  Although  $308.28  of 
cash  on  hand  was  reported,  $346.72  of  the  dues  for  189-4  had  been  expended  for 
tlie  payment  of  1893  e.xpenses  by  the  former  administration,  and  the  $400  advanced 
bv  the  Board  of  Directors  was  unpaid.  During  1894  this  loan  has  been  paid,  and 
$34  of  l!S93  bills,  together  with  all  the  bills  of  1894,  leaving  a  small  balance  in  the 
treasury,  without  touching  any  of  the  1895  dues  already  collected.  In  brief 
$780.72  of  old  debts  have  been  paid  out  of  the  receipts  of  1894,  and  the  Society 
does  not  owe  a  cent.  This  condition  has  been  achieved  through  the  generous 
re-ponses  of  members  to  appeals  for  subscription  funds  for  the  Library  and  for  the 
payment  of  services  of  Secretary  and  Librarian.  For  the  Library  Fund  $312.68 
has  been  collected,  including  revenue  derived  from  sale  of  duplicates,  $187.68  of 
which  had  been  turned  into  the  Treasury  of  the  Society,  with  an  unexpended 
balance  of  $83.18,  and  $125  is  in  the  hands  of  the  Library  Committee. 

For  the  Special  Fund  $897.40  has  been  collected,  all  of  which  has  been 
expended. 

The  Secretary,  in  the  early  part  of  his  term,  cherished  hopes  of  securing  many 
more  papers  to  be  read  before  the  Society  than  have  appeared  during  the  year. 
He  had  promises  of  a  series  of  papers  on  Chicago  High  Building  Construction, 
which  are  not  yet  ready.  He  thought  that  a  paper  on  the  Methods  of  Paying  for 
Municipal  Improvements  by  Siiecial  Assessment,  with  a  thorough  discussion  of  the 
subject,  would  be  interesting  and  pertinent,  but  before  he  had  secured  any  material 
this  field  was  pre-empted  by  the  Real  Estate  Board. 

He  has  secured  promises  of  papers  enough  to  run  through  the  meetings  of  the 
ensuing  year,  but  he  realizes  that  promise  and  performance  are  not  synonymous 
terms. 

The  Society  is  to  be  congratulated  on  the  increasing  membership,  the  well- 
maintained  attendance  at  meetings,  the  growing  library,  and  its  improved  financial 
condition.  Whatever  efforts  the  Secretary  might  have  made,  these  results  could 
not  have  been  accomplished  without  the  hearty  co-operation  of  the  Board  of 
Directors,  the  generous  assistance  of  the  Librarian,  and  the  active  efforts  of  many 
of  the  members.  The  Society  is  but  a  collective  notm ;  it  can  only  become  what 
its  members  make  it.  Respectfully  submitted, 

ThoS.  Appleton,  Secretary. 
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Rei'ort  of  Auditors. 

Financial  Statement  for  1894. 

Receipts. 

Collected  l)y  former  Secretary $655  00 

Expended  bv  former  Board  in  1893 346  72 

1303  28 

Delinquent  dues 92  50 

Resident  dues  for  189-4 1,950  00 

Non  resident  dues  for  1804 613  15 

Entrance  fees 405  00 

Hospitality  Committee 167  28 

Sale  of  chairs     .    .    .    .  • 5  40 

Sale  of  Library  Duplicates 7  90 

Subscription  to  Library  Fund 12  50 

Subscription  to  Special  Fund 897  40 

$4,459  41 

Non-resident  dues  for  1895 $67  50 

Resident  dues  for  1895 250  00 

317  50 

$4,776  91 
Disbursements. 

Rent,  Janitor,  Light  and  Insurance $576  36 

Postage  and  Postal  Cards 213  25 

Stationery  and  Printing       296  61 

Stenographer  and  Typewriting 114  47 

Printing  Proceedings .  287  00 

Journal  Association  Engineering  Societies 1,146  10 

Library ]31  28 

Furniture  and  Shelving 53  14 

Deficiency  on  Banquet,  January  3,  1894 67  00 

Repayment  of  Loan  advanced  by  Directors  in  1893  ....  400  GO 

Engrossing 30  00 

Express  Charges  and  Incidentals 44  64 

Exchange  Charges  on  Checks ,....-...  3  15 

Salaries 999  99 

$4,362  99 

Cash  Balance  December  31,  1894 413  92 

$4,776  91 
Thos.  Ari'LETOX,  Secretary. 

The  undersigned,  forming  the  Auditing  Committee  of  the  Board  of  Directors, 
have  examined  the  Secretary's  books  and  compared  the  same  with  the  Treasurer's 
i)ooks,  and  find  the  foregoing  account  to  be  correct  and  the  payments  supported  by 
vouchers  duly  authorized  by  vote  of  the  Directors. 

C.  L.  Strobel, 
Geo.  S.  Morison, 
Robert  W.  Hunt. 
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Chicago,  January  1,  189-3. 
To  the  Western  Society  of  Engineers  : 

Gentlemen  : — In  accordance  with  the  requirements  of  the  By-Laws,  your 
rejiresentatives  in  the  Board  of  Managers  of  the  Association  of  Engineering 
.Societies  would  respectfully  report  that  at  the  beginning  of  the  year  1894,  Mr. 
J.  C.  Trautwine,  Jr.,  was  elected  Secretary  of  the  Board,  and  the  Journal  of 
THE  Association  has  since  been  conducted  by  him.  For  a  portion  of  the  time 
the  publication  has  been  somewhat  behind  in  its  issue.  With  the  close  of  the  year, 
however,  the  issue  is  well  up  to  date,  the  November  number  having  been  distributed 
some  time  near  the  20th  of  December.  This  is  as  nearly  on  time  as  it  is  generally 
practicable  for  such  a  publication  to  be. 

The  character  of  the  Journal  in  its  make-up,  and  the  matter  published,  has 
in  every  respect  been  maintained,  and  in  many  ways  improved. 

Up  to,  and  including  the  November  number,  there  has  been  published  during 
the  year  676  pages  of  reading  matter  and  106  pages  of  proceedings  of  Societies, 
witliout  counting  the  index  notes.  It  is  estimated  by  the  Chairman  of  tlie  Asso- 
ciation that,  not  counting  the  index  notes,  but  including  the  December  number, 
there  will  be  published  for  the  year  820  pages,  which  is  an  increase  of  about  thirty 
per  cent,  over  the  greatest  amount  of  matter  heretofore  published  by  the  Associa- 
tion during  one  year. 

By  a  statement  of  expenditures  made  by  the  Secretary,  which  includes  an 
estimate  of  the  cost  of  the  November  and  December  numbers,  the  assessment  of 
$3.00  per  year  will  fall  sliort  of  meeting  the  expenses  of  the  Association  by  about 
$500,  which  will  probably  render  a  special  assessment  of  40  cents  per  member 
necessary  to  meet  the  year's  expenditures.  This  additional  expense  is  mainly  due 
to  the  increased  amount  of  matter  published,  and  to  the  expensive  nature  of  some 
of  the  illustrations,  and  to  additional  expenses  incident  to  the  change  of  the  place 
of  publication.  J t  is  hoped  that  another  year  will  bring  about  results  which  will 
keep  the  expenditures  within  the  usual  limits. 

The  Board  of  Managers  of  the  Association  havei  under  consideration  measures 
which  it  is  hoped  will  better  meet  the  requirements  of  the  Societies,  particularly 
in  the  way  of  advanced  papers.  Thougli  upon  this  sulject,  as  upon  others,  no 
final  decision  has  been  reached,  it  is  confidently  expected  that  the  needs  of  each 
Society  belonging  to  ihe  Association  will  be  met. 

Respectfully  submitted, 

Benezette  Williams, 
Thos.  Appleton. 

[The  Report  of  the  Managers  on  the  part  of  the  Western  Society  of  Engineei-s  in  the  Associa- 
tion of  Engineering  Societies  was  received  too  hxte  to  be  read  at  the  annual  meeting,  bnt  is  sub- 
mitted herewith.  Owing  to  the  the  absence  of  Mr.  John  Xichol  from  the  State  it  has  been  impos- 
sible to  get  his  signature  to  the  report. — T.  A.] 

Errata. 

In  the  Proceedings  for  1894,  as  })rinted,  the  following  corrections  should  be 
made : 

No.  313,  page  2,  8th  line,  for  Alexander  W.  Gates,  read  Andrew  W.  Gates. 

No.  320,  page  2,  4th  line  from  bottom,  for  E.  A.  Eckhart,  read  B.  A.  Eckhart ; 
page  3,  6th  line,  for  Braasche,  read  Braasch. 

No.  322,  page  2,  2d  line,  for  Wm.  C.  Stearns,  read  Wm.  H.  Stearns;  od  line, 
for  O.  H.  Vehmeyer,  read  C.  H.  Vehmeyer ;  2d  line  in  foot  note,  for  Gaasche,  read 
Gasche.  Thos.  Appleton,  Secretary. 
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Boston  Society  of  Civil  Engineers. 

Fkbruary  20,  1895. — A  regular  meeting  of  the  Society  was  held  at  its  rooms, 
36  Bromfield  Street,  Boston,  at  7.50  o'clock  p.m.  Vice-President  George  F.  Swain 
in  the  chair.     Number  of  members  and  visitors  present,  including  ladies,  118. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Samuel  G.  Armstrong,  Henry  W.  Hayes,  and  Edward  B.  Stearns,  were 
elected  members  of  the  Society. 

Tlie  Chair  announced  the  appointment,  by  the  President,  of  Messrs.  George  A. 
Kimball  and  Austin  B.  Fletcher  to  serve  as  Tellers  of  Election  at  the  annual 
meeting. 

Attention  was  called  by  the  Chair  to  the  death  of  Franklin  Darracott,  an 
honorary  member,  who  joined  the  Society  in  1848  ;  and,  on  motion,  the  President 
was  requested  to  appoint  a  committee  to  prepare  a  memoir. 

The  Secretary  read  letters  from  the  Boston  Society  of  Architects  and  the  Bos- 
ton Architectural  Club,  expressing  the  thanks  of  these  organizations  for  the  invita- 
tion to  attend  the  January  meeting  of  this  Society. 

Mr.  Cope  Whitehouse,  of  New  York,  was  then  introduced  and  delivered  a 
lecture  on  "  The  Proposed  Reservoir  for  the  Storage  of  the  Surplus  Flood-Waters 
of  the  Nile,  and  the  Riiyan  Drainage  Canal."  The  lecture  was  profusely  illus- 
trated by  lantern  slides. 

After  passing  a  vote  of  thanks  to  Mr.  Whitehouse  for  his  interesting  lecture, 
the  Society  adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Civil  Engineers'  Soeietv  of  St.  Paul. 


February  4,  1895. — A  regular  meeting  of  the  Civil  Engineers'  Society  of 
St.  Paul  was  held  at  8.30  p.m.,  President  Stevens  in  the  chair.  Eleven  members 
and  one  visitor  in  attendance. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Secretary  was  authorized  to  print  and  distribute  a  list  of  members  and  to 
secure  twenty-five  copies  of  the  Mr.  Woodman's  paper  on  Transition  Curves. 

The  following  report  of  the  Committee  on  the  Minnesota  Topographical  Sur- 
vey was  read  and  accepted  : 

Report  on  Topographical  Survey  op  State  of  Minnesota. 
To  the  Civil  Enyineerfi'  Society  of  St.  Paul,  Minn.  : 

Your  Committee,  having  had  under  consideration  the  subject  of  the  topograph- 
ical survey  of  Minnesota,  begs  leave  to  report  as  follows : 

The  importance  of  such  a  survey  is  perhaps  not  so  well  understood  and  appre- 
ciated in  our  Western  States  as  is  the  case  in  our  Eastern  States  and  in  Europe, 
where  the  practical  benefits  of  this  form  of  public  enterprise  have  long  been 
enjoyed.  A  topographical  survey  of  our  State,  that  was  rightly  planned  and 
executed,  would  contribute  greatly  to  its  development  by  suggesting  many  improve- 
ments connected  with  the  subjects  of  transportation,  good  roads,  water  supply, 
hydraulic  works,  the  draining  of  wet  lands,  the  irrigation  of  dry  lands,  etc.,  and 
by  furnishing  at  the  same  time,  from  maps,  data  for  safe  approximate  estimates  of 
the  cost  of  such   improvements,  as  is  the  fact  in  England,  Germany,  France  and 
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Switzerland  to-day,  and  even  in  Massacliusetts  and   New  York  to  a  less  reliable 
extent. 

Your  Committee  would  therefore  advise  that  the  Society  express  to  the  Regents 
of  the  State  University  its  sense  of  the  value  and  importance  of  the  geodetic  and 
topographic  work  thus  far  done  in  our  State,  and  recommend  that  they  continue 
the  topographic  work  as  heretofore,  not  only  for  the  special  economic  value  of  tiie 
results,  but  also  for  the  additional  object  of  securing  a  continuance  of  the  geodetic 
survey  by  the  United  States  Coast  and  Geodetic  Survey,  which  bureau  is  authorized 
to  establish  geodetic  points  in  those  States  of  the  Union  "  which  shall  make  requisite 
provision  for  their  own  topographic  and  geodetic  surveys." 

Your  Committee  would  also  advise  that  the  Regents  of  the  University  be 
requested  to  have  the  topographic  survey  of  the  principal  cities  of  the  State  and 
their  vicinity,  together  with  the  principal  rivers  of  the  State,  made  in  such  detail  as 
is  suitable  for  a  map  on  the  scale  of  1 :  20,000,  which  in  our  opinion  is  tiie  smallest 
scale  that  will  yield  a  map  of  adequate  utility ;  also,  that  they  continue  the  work 
through  the  agency  of  the  College  of  Engineering  of  the  University,  and,  as  soon 
as  circumstances  will  warrant,  apply  to  the  Legislature  for  special  appropriations  to 
increase  the  force  employed  and  thus  expedite  the  work,  in  order  that  its  results 
may  sooner  be  utilized  by  the  general  public. 

Your  committee  would  further  report,  that  the  topograi)hical  work  recently 
done  in  this  State  by  the  United  States  Geological  Survey,  as  placed  before  the 
public,  is  on  the  scale  of  one  mile  to  the  inch,  and  this  scale  appears  to  be  adequate 
to  the  special  objects  of  the  Geological  Survey.  Although  this  survey  is  ably  and 
economically  conducted,  and  will,  for  a  long  time  to  come,  be  of  sufficient  accuracy 
and  detail,  and  of  great  value  for  the  greater  part  of  this  State,  it  does  not  secure 
the  amount  of  detail  in  the  particular  districts  before  referred  to,  namely,  the  prin- 
cipal cities  and  rivers,  to  give  its  maps  of  those  districts  the  general  economic  value 
they  would  possess  if  executed  on  the  larger  scale  that  we  have  proposed. 

The  accurate  determination  of  geodetic  points  is  the  first  requisite  of  a  topo- 
graphical survey.  Following  this,  the  filling  in  of  details  may  be  by  rapid  and 
ayproximate  methods.  As  now  organized,  the  United  States  Coast  and  Geodetic  Sur- 
vey is  prepared  to  fix  the  geodetic  {)oiuts  and  the  United  States  Geological  Survey  to 
fill  in  the  details  and  publish  the  results.  We  consider  it  of  prime  importance  to 
unite  harmoniously  these  branches  of  the  work,  and  to  that  end  would  urge  our 
Senators  and  Representatives  to  forward  the  consolidation  of  the  harmonious  rela- 
tions of  these  bureaus.  Such  a  bureau  should  consist  of  men  scientifically  and 
technically  fitted  for  the  work,  and  appointed  only  under  the  strictest  civil  service 
rules. 

Respectfully  submitted, 

E.  E.  Woodman, 
G.  L.  Wilson, 
H.  E.  Stevens, 

K.  E.  HiLGARD,  Chairman. 
St.  Paul,  Minn.,  February  4,  1895. 

Mr.  Woodman  read  from  the  December  number  of  Popular  Science  Monthly  a 
favorable  comment,  by  Prof.  Davis,  of  Harvard  University,  on  the  work  of  the 
U.  S.  Geological  Survey. 

The  Librarian  was  requested  to  file  for  convenient  reference  the  index  ami 
other  sheets  of  said  survey  lately  obtained  for  the  Society  by  President  Stevens  and 
Mr.  Wilson. 
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Mr.  Armstrong  reviewed  and  illustrated  three  U.  S.  Supreme  Court  decisions 
in  the  matter  of  riparian  boundaries. 

Mr.  Miinster  gave  his  theory  of  tlie  fact  that  two  heavily  loaded  spans  of  the 
University  Avenue  bridjre  had  remained  standing  after  the  post  common  to  the  two 
spans  had  been  destroyed  b\  a  derailed  cattle  train. 

C.  L.  Ann  AX,  Secretary. 


Engineers*'  Club  of  St.  I.ouis. 

411th  Meeting,  February  6,  1895. — President  Russell  called  the  Club 
to  order  at  8.10  p.m.,  at  1600  Lucas  Place,  there  being  twenty-six  members  and 
six  visitors  present.  The  minutes  of  the  410th  meeting  were  read  and  approved 
The  Executive  Committee  reported  the  doings  of  its  181st  and  lS2d  meetings.  The 
committee  had  liad  a  conference  witli  a  special  committee  from  the  Electric  Club, 
and  the  two  committees  had  agreed  upon  a  plan  for  the  future  care  of  the  Electric 
Club  Library  in  the  Engineers'  Club  Rooms,  which  plan  both  committees  agreed 
to  recommend  to  their  respective  clubs  for  acceptance.  The  Secretary  reported 
that  the  Electric  Club  had  ratified  the  report  of  its  committee  and  that  all  that 
was  lacking  to  complete  the  matter  was  the  approval  of  the  Engineers'  Club. 

On  motion  it  was  ordered  that  the  plan  be  ratified  and  that  the  President  be 
authorized  to  enter  into  an  agreement  with  the  proper  officers  of  the  Electric  Club. 

The  President  announced  that  he  had  added  to  the  Eads'  Monument  Commit- 
tee, Messrs.  Julius  Pitzman  and  T.  II.  Macklind. 

The  Secretary  then  read  the  following  letter: 

St.  Louis,  January  30,  1 895. 
"\Vm.  H.  Bryan,  Esq.,  Secretary  Engineers^  Club  of  St.  Louis. 

Dear  Sir: — I  have  tlie  honor  to  acknowledge  the  receipt  of  your  favor  of  Janu- 
ary 17th,  in  which  you  notify  me  that  the  Engineers'  Club  of  St.  Louis  has  elected 
me  an  honorary  member,  and  request  you  to  express  to  tlie  members  of  the  Club 
my  high  appreciation  of  the  honor  thereby  conferred. 

While  I  feel  that  the  flattering  terms  in  which  the  information  is  conveyed 
are  hardly  deserve!,  I  may  proudly  affirm  that  during  a  professional  career  extend- 
ing over  half  a  century,  I  have  always  tried  to  do  my  share  toward-;  elevating  the 
profession,  and  that  of  the  work  which  I  did  in  that  direction  in  which  I  feel  the 
greatest  pride,  has  been  the  share  taken  by  me  in  founding  the  Engineers'  Club  of 
St.  Louis. 

Although  I  cannot  be  a  very  active  member  of  the  Club,  I  have  always  taken 
a  most  earnest  interest  in  its  welfare,  and  hope  that  it  will  continue  to  grow  in 
number  of  members  and  to  enlarge  its  sphere  of  usefulness. 

Very  respectfully,  Henry  Flad. 

On  motion  it  was  ordered  that  the  letter  be  spread  in  full  on  the  minutes  of 
the  Club. 

The  further  discussion  of  Mr.  B.  L.  Crosby's  paper  upon  the  St.  Louis  Exten- 
sion of  the  St.  Louis,  Keokuk  &  Northwestern  R.  R.,  read  December  19ih,  was 
taken  up.  Mr.  Crosby  exhibited  a  number  of  lantern  slides,  showing  foundation 
work  on  the  piers  of  the  Sioux  City,  Nebraska  City,  Rulo  and  Bellefontaine 
bridges  across  the  Missouri  River,  and  the  Alton  and  Memphis  bridges  across  the 
Mississippi.  The  Morison  clay  hoist  and  sand  pump  were  described  in  detail,  as 
were  also  the  details  of  the  caisson  work,  and  the  use  and  construction  of  air-locks. 
Figures  were  given  showing  the  cost  of  deep  foundations  at  different  places. 


PROCEEDINGS.  37 

Tlie  hour  being  late,  it  was  on  motion  ordered  that  the  reading  of  Mr.  Curtis' 
paper  on  "A  System  of  Water  Purification"  be  deferrrel  until  the  next  meeting, 
February  20th. 

Adjourned.  William  H.  Bryan,  Secrdary. 


4r2TH  Meeting,  February  20,  1895. — President  Russell  called  the  Club 
to  order  at  8.20  p.m.,  at  1600  Lucas  Place,  with  twenty-one  members  and  eleven 
visitors  present.  The  minutes  of  the  411th  meeting  were  read  and  approved. 
There  being  no  regular  or  miscellaneous  business,  Mr.  J.  H.  Curtis  then  addressed 
the  Club  on  "A  System  of  Water  Purification,"  whicli  he  had  developed,  with 
special  reference  to  the  removal  of  organic  matter. 

He  had  been  experimenting  for  over  two  years  and  had  discovered  that  where 
sand  filters  were  not  submerged,  but  where  the  water  was  allowed  to  drip  ujion  the 
sand  bed,  just  as  rain  falls  upon  the  earth,  particles  of  air  followed  the  drops  of 
water  through  the  sand,  making  the  most  complete  aeration  possible.  The  author's 
experiments,  however,  had  only  been  conducted  on  a  small  scale,  and  he  was  unable 
to  give  any  figures  as  to  the  actual  amount  of  purification,  or  capacity  of  filter  beds, 
based  upon  actual  service. 

Colonel  E.  D.  Meier  then  read  a  translation  of  a  pai)er  by  Professor  August 
Ritter,  of  Germany,  on  "The  Mechanics  of  Soaring  Flights."  The  paper  was 
intended  to  prove  mathematically  that  where  wind  currents  varied  in  velocity,  it 
was  possible  for  a  bird  to  soar  or  rise  without  doing  work  itself.  The  paper  claimed 
that  repeated  observations  of  soaring  birds  sliowed  that  there  was  no  motion  of  the 
wings,  and  that  very  delicate  observations  of  wind  velocities  indicate  wide  fluctua- 
tions. 

In  the  discussion  of  the  paper.  Professor  Johnson  stated  that  this  matter  had 
already  been  presented  in  this  country  by  Professor  Langley,  and  that  he,  Professor 
John.son,  had  answered  it  very  fully  in  Aeronautics.  He  denied  absolutely  the 
premises  on  which  the  paper  was  based,  viz.:  that  a  bird  did  not  move  its  wings 
or  feathers,  and  that  there  were  such  frequent  and  regular  fluctuations  of  wind 
velocities.  He  also  showed  that  even  admitting  the  premises  to  be  true,  and  placing 
actual  values  in  the  formulse,  the  wind  velocity  remaining  available  for  supporting 
the  bird  was  entirely  too  small  for  that  purpose. 

Professor  Kinealy  stated  that  some  years  ago  Dr.  Todd  had  read  a  paper  before 
the  Academy  of  Science  in  this  city,  showing  that  the  tail  or  primary  feathers  of  the 
buzzard  were  articulated  in  a  way  permitting  of  a  motion  similar  to  sculling,  and 
that  there  were  well-developed  muscles  connected  with  these  feathers.  These  were 
found  only  in  soaring  birds,  and  they  give  the  primary  feathers  a  very  rapid  motion, 
which  it  was  thought  was  capable  of  sustaining  the  bird.  Mr.  Crosby  and  Mr. 
Wheeler  also  took  part  in  the  discussion,  the  general  trend  of  which  was  to  the 
efl^ect  that  the  soaring  was  accomplished  by  some  motion  of  the  bird's  feathers, 
invisible  to  the  naked  eye. 

Adjourned.  William  H.  Bryan,  Secretary. 


Montana  Society  of  Civil  Engineers. 

February  9,  1895. — The  regular  meeting  of  the  Montana  Society  of  Civil 
Engineers  was  held  at  the  Society  rooms,  in  the  Denver  Block.  The  meeting  was 
called  to  order  by  President  Keerl.     There  were  pre.sent  the  following  members 
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Messrs.  Keerl,  Haven,  Kelly,  Goodale,  Relf,  Camnung,  Heuley,  Smith  and  Hovey  ; 
also  several  visiting  engineers.  Wyllys  A.  Hedges,  member  of  the  House  of 
Representatives  from  Fergus  County,  was  also  present. 

The  application  of  Charles  A.  Molson  for  membership,  recommended  by  Messrs 
Keerl,  Heuley  and  Goodall,  liavingbeen  approved  by  the  Trustees,  was  read  and  the 
Secretary  was  directed  to  send  out  to  the  members  a  letter  ballot  for  the  same. 
Ballots  for  admission  to  membership  were  then  canvassed  by  Messrs.  Kelly  and 
Relf,  tellers.  Upon  the  announcement  of  the  result,  the  President  announced  the 
election  of  Daniel  P.  Mumbrue,  Charles  H.  Palmer,  Charles  W.  Mead,  Maurice  S. 
Parker  and  Charles  M.  Allen  as  members  of  the  Society. 

A.  E.  Cumraing,  of  the  Committee  on  County  Surveyor  and  Road  Laws,  re- 
ported that  both  bills,  substantially  as  adopted  by  the  annual  meeting,  had  been 
introduced  in  both  houses  of  the  legislature,  and  that  several  meetings  of  the 
legislative  committees  had  been  held,  but  that  no  final  action  had  yet  been  taken. 
It  was  voted  that  the  committee  be  continued  and  requested  to  take  all  necessary 
steps  to  urge  the  passage  of  the  two  measures. 

The  regular  order  of  business  was  suspended,  and  the  Secretary  read  a  paper 
prepared  by  E.  H.  Beckler,  honorary  member  of  the  Society,  upon  the  location  and 
construction  of  the  United  Verde  and  Pacific  Railway,  which  was  constructed  under 
his  direction  as  chief  engineer  for  the  Hon.  William  A.  Clark,  of  Butte,  and  com- 
pleted December  1,  1894.  Tlie  paper  was  listened  to  with  much  interest  by  all 
present.  It  was  then  referred  to  the  Board  of  Trustees,  who  directed  the  Secretary 
to  arrange  for  its  publication  at  an  early  date  in  the  Journal  of  the  Association 
OP  Engineering  Societies.  On  motion  of  Mr.  Goodall,  a  vote  of  thanks  was 
given  to  Mr.  Beckler  for  his  paper,  and  the  Secretary  was  directed  to  inform  him 
that  it  would  be  published  as  soon  as  possible. 

Letters  were  read  from  Col.  Joseph  T.  Dodge  and  others  commending  the 
action  of  the  Society  in  its  efforts  to  obtain  some  action  by  the  legislature  giving  a 
legal  definition  of  a  miner's  inch.  The  colonel  says:  "Your  eflTort  is  most  praise- 
worthy and  is  in  behalf  of  good  morals  as  well  as  social  peace  and  good  will "  ;  also 
commending  the  action  of  the  Society  in  beginning  a  movement  for  the  more 
"economical  expenditure  of  the  road  tax  of  Montana." 

The  regular  order  of  business  was  then  resumed,  and  Mr.  Cumming,  of  the 
Committee  on  Water  Measurement,  reported  that  the  proposed  act,  adopted  by  the 
annual  meeting,  had  been  presented  to  both  branches  of  the  legislature  ;  that  it  had 
passed  the  Senate  and  that  it  is  now  before  the  Committee  on  Irrigation  of  the 
House ;  that  the  Society's  Committee,  the  President  and  other  members  of  the  Society 
had  several  times  met  with  the  House  Committee,  who  had  expressed  a  desire  to 
have  A.  M.  Ryon,  who  made  an  able  address  to  the  Committee  of  the  Whole  of  the 
Senate,  to  meet  with  them  some  evening  of  the  coming  week  to  explain  more  in 
detail  some  parts  of  the  act.  After  a  long  discussion  by  all  the  members  present, 
it  was  voted  that  the  President  be  requested  to  communicate  with  Mr.  Ryon  asking 
him  to  meet  the  committee  on  the  evening  of  February  12th,  and  to  say  that  his 
traveling  expenses  would  be  paid  by  the  Society. 

Mr.  Goodall,  the  committee  to  whom  was  referred  the  annual  address  of  ex- 
President  Haven,  reported  that  he  had  looked  at  rooms  for  permanent  headquarters 
for  the  Society  and  recommended  room  No.  8,  Denver  Block,  for  such  purpose,  and 
that  the  "  Secretary's  desk  and  other  property  of  the  Society  be  moved  to  that  room 
as  soon  as  practicable."  The  report  in  relation  to  permanent  quarters  for  the 
Society  was  accepted. 
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It  was  voted  to  thank  Mr.  Gumming  and  also  Mr.  Keerl  for  tlie  use  of  tlieir 
offices  for  the  purposes  of  the  Society  up  to  the  present  time. 

The  Committee  on  the  DeLacy  Memorial  was  given  further  time  until  next 
meeting  to  make  their  report. 

F.  J.  Smith,  Secretary. 


Civil  Engineers''  Cliil)  of  Cleveland. 


Case  Library,  Cleveland,  Ohio,  February  12,  1895. — The  meeting  was 
called  to  order  at  7.50  by  the  President.  Forty-eight  members  and  visitors  were 
present. 

The  record  of  the  meeting  held  on  January  8th  was  read  and  approved. 

The  application  of  Joseph  R.  Oldham  for  Active  Membership,  Axel  Hugo 
Petterson  for  Corresponding  Membership,  and  Geo.  H.  Bowler  for  Associate 
Membership,  were  read. 

A  letter  was  read  from  H.  F.  Coleman,  transmitting  his  resignation  as  a 
Corresponding  Member. 

A  letter  was  read  from  Mr.  Peter  Neff,  Jr.,  transmitting  his  resignation  from 
Active  Membership. 

The  Nominating  Committee  reported  as  follows : 

Your  committee  appointed  at  the  last  meeting,  January  Stli,  to  prepare  a  list 
of  officers  for  the  ensuing  year,  begs  leave  to  report  the  following  list  of  candidates : 

President,  Augustus  Mordecai. 
Vice-President,  C.  W.  Wason. 
Secretary,  F.  A.  Coburn. 
Treasurer,  J.  C.  Wallace. 
Librarian,  James  Ritchie. 
First  Director,  Walter  Miller. 
Second  Director,  John  L.  Culley. 

Respectfully  submitted, 

A.  H.  Porter,  Chairman. 

Mr.  Richardson  moved  that  a  committee  be  appointed  to  make  any  necessary 
arrangements  in  the  way  of  fixing  up  the  portion  of  the  Library  room  which  will 
hereafter  be  occupied  by  the  Club.  Amended  by  Mr.  Searles  to  refer  the  matter  to 
the  Executive  Board.     Amendment  and  original  motion  were  both  adopted. 

Prof.  Howe  moved  the  appointment  of  a  committee  of  seven  to  make  arrange- 
ments for  the  Annual  Banquet.  The  President  appointed  on  this  committee 
Messrs.  A.  H.  Porter,  J,  N.  Richardson,  Prof.  C  S.  Howe,  Frank  C.  Osborn,  M.  W. 
Kingsley,  James  Ritchie  and  Alex.  E.  Brown. 

Mr.  John  L.  Culley  then  gave  a  brief  account  of  the  Cincinnati  meeting  of  the 
Ohio  Society  of  Surveyors  and  Civil  Engineers. 

The  tellers,  Prof.  D.  C.  Miller  and  Mr.  Harry  S.  Nelson,  announced  the  result 
of  the  ballot  on  Amendments  of  Constitution  as  follows : 
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Total  number  of  envelopes  received 46 

Number  rejected  for  non-endorsement 2 

Number  rejected  not  entitled  to  vote 2  4 

Number  of  legal  ballots  cast 42 

Vcs.  No. 

Article  V,  Section  1 34  8 

"       V,       "        2 35  7 

"IX,       "      10 37  5 

The  Amendments  were  therefore  declared  adopted. 

Col.  Jared  A.  Smith  then  presented,  informally,  a  paper  entitled  "Engineering 
of  Crib  Construction  as  Applied  to  Harbor  Improvements,"  which  was  discussed  by 
Messrs.  Culley,  C.  H.  Strong,  Richardson,  Porter,  Geo.  M.  Ried,  Barber,  Rawson, 
Searles  and  Howe. 

President  Svvasey  then  gave  a  brief  account  of  tlie  A])pian  Way,  visited  by  him 
jon  his  late  trip  abroad. 

Meeting  adjourned  at  10  p.m.  Frank  C.  O.^borx,  Secretary. 
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Western  Society  of  Engrinoers. 

The  324th  meeting  of  the  society  was  held  in  Science  Hall,  Armour  In- 
stitute,  Chicago,  Wednesday  evening,   February  6,  1895. 

Previous  to  the  meeting  twenty-one  members  and  guests  took  dinner 
together  at  the  Grand  Pacific  Cafe. 

The  members  and  their  guests  were  received  at  Armour  Institute  by  the 
Faculty,  and  under  the  courteous  guidance  of  the  students  of  the  Tech- 
nical College,  visited  the  various  departments  of  the  Institute,  after  which 
the  meeting  was  called  to  order  at  S  o'clock,  in  Science  Hall,  President 
Horace  E.   Horton   in  the  chair   and  150  members  and  guests  present. 

On  motion,  the  routine  business  of  the  evening  was  dispensed  with, 
and  President  Gunsaulus,  of  Armour  Institute,  welcomed  the  society  to  the 
Institute  in  the  following  brief  address: 

"I  have  asked  your  president  to  allow  me  just  a  word  in  the  name  of 
my  associates  in  Ai'mour  Institute  to  convey  to  you  our  hearty  welcome 
and  to  rejoice  with  those  who  do  rejoice  even  in  the  midst  of  this  inclement 
weather  to-night. 

"When  I  was  asked  to  say  just  a  word  on  behalf  of  the  gentlemen  who 
compose  the  Faculty  of  the  Institute,  who  have  to  do  with  the  science  of 
engineering  in  its  various  branches,  I  felt  that  it  was  quite  out  of  my  line, 
and  when  some  gentleman,  coming  up  on  the  car  with  me  to-night,  said:  'I 
suppose  you  will  certainly  be  able  to  welcome  the  engineers  with  hearti- 
ness, even  though  it  be  a  very  cold  evening,'  I  thought  that  the  expecta- 
tion was  a  little  large,  owing  to  the  fact  that  I  know  so  little  about  the 
subject.  I  remember  that  when  I  came  into  the  Institute  and  was  elabo- 
rately discussing  witn  a  trustee  of  my  church  some  of  the  things  that  we 
had  put  in,  the  names  of  machines  that  I  had  most  recently  learned,  and 
therefore  was  very  anxious  to  pronounce  in  his  hearing,  he  said  to  me, 
'Look  here.  Doc,  do  you  know  the  diffei-ence  between  a  dynamo  and  a 
motor?'  I  confess  I  felt  a  little  puzzled  with  his  question,  and  was  hardly 
able  to  answer. 

"But  I  have  learned  just  enough,  gentlemen,  to  appreciate  your  pres- 
ence here  in  Armour  Institute,  and  I  assure  you  that  we  do  understand  the 
28  (41) 
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immense  value  to  us  of  your  coming  to  us    to-night,    wiiat    it    means    to    our 
students,   and  what  it  may  mean  to  all  the  future  of  our  Institute  work. 

"It  is  not  necessary,  1  am  sure,  for  even  a  minister  to  be  a  mechanical  or 
an  electrical  engineer  in  order  to  be  conversant  with  the  fact  that  without 
practical  men  close  to  us  we  cannot  do  any  thorough  work,  with  the  young 
men  who  give  their  lives  and  welfare  in  our  charge. 

"I  have  often  been  reminded,  in  meetings  of  this  sort,  of  the  necessities 
that  we  used  to  find  in  theological  seminaries.  Now  and  then  a  minis- 
ter who  was  in  the  midst  of  his  work  came  into  the  seminary,  and,  being  a 
spiritual  engineer,  as  you  men  are  mostly  mechanical,  civil  or  electrical  en- 
gineers, we  found  ourselves  in  the  presence  of  facts  that  we  learned  entirely 
too  little  about  in  our  common  work,  as  the  days  went  by.  It  is  our  effort, 
here  in  Armour  Institute,  to  unite  the  ideal  and  the  practical,  to  begin  with 
the  great  facts  of  science  and  to  come  closer  to  the  earth  with  all  its  prac- 
tical problems,  and  I  assure  you  that  the  presence  of  so  many  men  who  are 
actively  engaged  in  engineering  gives  spinal  column  and  atmosphere  to  our 
work  such  as  we  could  obtain  nowhere  else. 

"Before  I  took  hold  of  this  Institute  I  was  very  anxious  to  find  men  who 
would  share  with  me  the  feeling  that  nothing  is  so  ideal  that  it  may  not  be 
most  practical,  and  that  the  most  scientific  training  is,  after  all,  ultimately 
the  most  practical  training  in  these  lines.  And  I  have  been  fortunate 
enough,  I  think,  to  associate  together  in  this  institution  men  who  share 
these  hopes.  We  are  anxious  indeed  that  our  young  men  should  be  in  the 
closest  possible  touch  with  those  who  are  doing,  in  the  world  of  the  present, 
the  things  that  they  are  to  do  in  the  world  of  the  future. 

"This  is  distinctly  a  great  gift  and  help  to  us,  and  we  thank  you  to-night 
for  your  presence,  and  hope  that  you  will  always  feel  that  Armour  Insti- 
tute is  at  your  disposal,  every  room,  every  book  in  our  library,  that  we 
may  give  to  the  Western  Society  of  Engineers  for  its  pleasure,  as  you  shall 
give  to  us  of  your  experience  and  information,  is  at  your  command."  (Ap- 
plause.) 

The  two  papers  for  the  evening — Description  of  the  Work  and  Methods 
of  Construction  on  the  Brighton  and  Summit  Divisions,  respectively,  of  the 
Chicago  Sanitary  Drainage  Canal — were  then  read  by  the  authors, 
Messrs.  Alexander  E.  Kastl  and  E.  R.  Shnable,  the  engineers  in  charge  on 
those  divisions. 

The  papers  were  illustrated  by  a  large  number  of  very  fine  lantern  views 
of  the  work,  and  of  the  machinery  and  appliances  in  use  on  these  divisions 
of  the  canal.  These  views  wei-e  especially  prepared  by  the  Institute,  with- 
out cost  to  the  society,  and  were  projected  by  a  high  power  electric  lantern, 
adding  very  much  to  the  interest  of  the  meeting.  The  papers  are  to  be  pub- 
lished in  the  "Journal." 

There  being  no  discussion  of  the  papers,  the  meeting  adjourned. 

The  company  then  repaired  to  the  Department  of  Domestic  Arts  and 
were  served  with  a  light  lunch,  dispersing  at  a  late  hour.  The  first  meet- 
ing of  the  society  at  Armour  Institute  was  an  unqualified  success,  despite 
the  stormy  weather. 

At  a  meeting  of  the  Board  of  Directors,  held  February  5,  1895,  the  ap- 
plications of  the  following  named  gentlemen  for  membership  in  the  so- 
ciety   were    received    and    placed    on  file: 

As  Members — George  Marshall  Ames,  Grand  Rapids,  Mich.;  A.  M.  Feld- 
man,  Chicago;  Charles  Linneus  Gould,  Chicago;  Stephen  French  Hoge, 
Romeoville,  111.;  John  McCalman,  Fen  ton,  Mich.;  Lauren  Bronson  Merriam, 
De  Kalb,  Til.;  James  H.  Travis,  Chicago;   Robert  Bruce  Wilcox,  Chicago. 

CHARLES  J.   RONEY,   Secretary. 
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325th  Meeting-,  March  0,  1895.— The  325th  meeting  of  the  society  was 
held  in  the  society's  new  rooms,  1737  Monadnock  Block,  Chicago,  at  8  P.M., 
March  6,  1805,  President  Horton  in  the  chair  and  about  125  members  and 
guests  present. 

The  reading  of  the  minutes  of  the  previous  meeting  was  dispensed 
with.  President  Horton,  for  the  Board  of  Directors,  reporting  progress  in 
the  management  of  the  affairs  of  the  society,  without  going  into   details. 

The   Secretary    reported    as    follows: 

At  the  meeting  of  the  Board  of  Directors  held  March  5,  1895,  the  follow- 
ing named  gentlemen  were  elected  to   membership: 

As  Members— George  Marshall  Ames,  Grand  Rapids,  Mich.;  Charles 
Linneus  Gould  and  A.  M.  Feldman,  Chicago;  Stephen  French  Hoge,  Romeo- 
ville,  111.;  John  McCalman,  Fenton,  Mich.;  Lauren  Bronson  Merriam,  De 
Kalb,   111.;  James   H.   Travis  and  Robert  Bruce  Wilcox,  Chicago. 

The  following  applications  for  membership  were  received  and  placed 
on  file: 

As  Members — George  M.  Basford,  Chicago:  C.  V.  Brainard,  Kampsville, 
111.;  William  S.  Dawley  and  Nicholas  D.  Pound,  Chicago;  Leonard  Sewall 
Smith,  Madison,  Wis.;  George  E.  Waldo  and  Edward  Dana  Wickes, 
Chicago.* 

As  Associates — George  Horace  Bryant  and  Charles  F.  Quincy,  both  of 
Chicago. 

Bills  to  the  amount  of  .$188.93  were   approved  and  ordered  paid. 

The  Treasurer  reported  funds  on   deposit,  March  1,  $1214.52. 

Mr.  Gerber  then  read  the  following  report  of  the  Committee  on  Excur- 
sions and  Entertainments: 

Chicago,  March  6,  1895. 
Western  Society  of  Engineers. 

Gentlemen:  The  Committee  on  Excursions  and  Entertainments  for  1894, 
having  finished  its  work  with  the  ending  of  the  banquet  held  at  the  annual 
meeting,  wishes  to  submit  the  following  report: 

The   committee   arranged  for  the  following  entertainments: 

August  10 — Excursion  by  steamer  on  lake  to  ship  yards  of  the  Chicago 
Ship  Building  Company  on  Calumet  River,  and  from  there,  in  the  after- 
noon, to  Fort  Sheridan  and  return.  This  excursion  was  participated  in  by 
140  persons,  members  and  their  families,  and  from  expressions  of  members 
from  time  to  time,  the  committee  hopes  that  it  was  considered  a  success. 

The  next  excursion  was  on  the  Sth  of  September  to  the  Drainage 
Canal  by  train  over  the  Atchison,  Topeka  and  Santa  Fe  R.  R.  The  "all 
earth"  sections  at  the  Chicago  end  of  the  line,  and  the  "all  rock"  sections 
near  the  other  end  of  the  line  were  visited.  The  railroad  company  fur- 
nished a  special  train  free  of  charge  and,  by  the  courtesy  of  Messrs. 
Gahan  &  Byrne,  a  lunch  was  provided.  The  entire  excursion  was  with- 
out   expense    to    the    members,    220    participated  in  this  excursion. 

The  third  excursion  was  also  to  the  Drainage  Canal,  the  work  in- 
spected on  this  occasion  being  between  Summit  and  Willow  Springs.  A  spe- 
cial train  was  this  time  furnished  by  the  Chicago  and  Alton  R.  R.  and  lunch 
by  Messrs.  Griffiths  &  McDermott.  This  excursion  was  also  without  ex- 
pense  to    members.     There   were   258  present. 

The  fourth  excursion  was  a  trip  to  the  works  of  the  Illinois  Steel 
Company,  Iroquis  Furnace  Company,  Chicago  Ship  Building  Company  and 
Morden  Frog  &  Crossing  Company.     The    Baltimore    and   Ohio    R.    R.    fur- 


*  At  a  meeting  of  the  Board  of  Directors,   held  March  19,   the  application 
of  Mr.  Charles  F.  White  for  membership  was  received  and  placed  on  file. 
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nished  a  special  train;  lunch  was  provided  by  the  committee,  a  charge  of 
fifty  cents  being-  made  to  the  members     120  persons  were  present. 

The  fifth  entertainment  ai-ranged  for  by  your  committee  was  the  annual 
banquet,  at  which  there  were  111  members  and  guests. 

When  your  committee  was  appointed,  it  was  instructed  that  it  should 
make  its  arrangements  without  any  expense  to  the  society.  Invitations 
were  liberally  issued  to  prominent  people  of  the  city  for  the  last  three 
excursions,  and  a  considerable  number  to  the  annual  banquet.  The  ex- 
pense occasioned  by  these  invitations  was  borne  by  the  committee  and  de- 
frayed from  amounts  paid  by  the  members.  The  committee  has  the  pleas- 
ure, therefore,  to  report  to  the  society  that  in  its  management  it  has  not 
drawn  a  single  cent  from  the  treasury  of  the  society,  the  committee  having 
this  day  reimbursed  the  society  for  the  expense  of  engrossing  five  sets 
of  resolutions  presented  to  the  railroad  companies  and  the  contracting 
firms   who   so    courteously   furnished  us  with  trains  and  lunches. 

The  committee  also  takes  pleasure  in  being  able  to  say  that  they  are 
not  individually  out  of  pocket  on  account  of  any  of  these  entertainments. 
We  hope  that  the  work  of  the  committee  has  been  satisfactory  to  the 
society,  and  we  now  request  that  the  committee  be  discharged. 

The  committee  wishes  to  take  this  opportunity    to   thank   Mr.    Appleton, 

who  kindly  consented  to  act  as  secretary   to  the  committee  and   pulled   the 

laboring  oar. 

H.  E.  HORTON, 

E.  GERBER, 
FERD  HALL, 

J.  J.  REYNOLDS. 

R.  SHAILER,  Committee. 

The  report  was  accepted,  and  the  committee  was  discharged  with  the 
thanks  of  the  societ5\ 

Mr.   Strobel   read  the  following   report  of  the  Committee  on  Quarters:* 
To  the  Western  Society  of  Engineers. 

The  Committee  on  Quarters  respectfully  reports  that  it  has  secured  ac- 
commodations for  the  society  on  the  seventeenth  floor  of  the  Monadnock 
Block,  rooms  173G  to  1739,  both  inclusive. 

The    Monadnock    Block    is    a   first-class  office  building,    fire  proof. 

A  three  years'  lease  has  been  taken,  running  from  May  1  of  this  year,, 
with  the   privilege   of  possession   free  of  rent  until  May  1. 

The  space  secured  measures  1000  square  feet,  and  is  about  one-third 
greater  than  the  space  occupied  by  the  society  in  the  Lakeside  Building. 
The  rent  for  this  larger  space  is  about  the  same. 

The  rate  at  which  these  accommodations  were  secured  is  about  one- 
third  of  that  usual  for  like  accommodations  in  first-class  office  buildings. 

The  rooms  face  towards  the  East,  giving  a  fine  view  of  the  lake.  These 
quarters  are  as  free  from  smoke  and  dirt  as  can  reasonably  be  expected 
in  the  business  quarter  of  the  city. 

The   rooms  are   now  occupied    by   the  society. 

C.  L.  STROBEL, 
T.    APPLETON. 
CHAS.   J.  RONEY,   Committee. 
Chicago,  February  U,  1895. 

*  This  report  was  prepared  for  presentation  at  the  meeting  of  February 
6,  but  all  routine  business  of  that  meeting  was  dispensed  with,  and  the 
reading  of  papers  followed. 
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The  repoi-t  of  the  committee  was  accepted  and  the  committee  was  dis- 
charged. 

It  was  voted  that  the  chair  appoint  a  committee  of  five  members  as  a 
Committee  on  Excursions  and  Entertainments  for  the  year  1895. 

It  was  voted  that  the  Committee  on  Library,  of  the  past  year,  be  con- 
tinued. The  committee  are  Messrs.  O.  Chanute,  Fred  Davis,  John  Lundie, 
Henry  M.  Sperry  and  Charles  J.  Roney. 

President  Horton  announced  a  special  meeting  at  Armour  Institute  for 
March  20,  and  addressed  a  few  words  to  the  guests  of  the  evening  in  regard 
to  the  society. 

The  business  meeting  then  adjourned,  and  the  company  engaged  in  con- 
versation and  partook  of  the  bountiful  lunch  provided  by  a  special  com- 
mittee of  the  Board  of  Directors,  dispersing  at  a  late  hour  after  a  thor- 
oughly   enjoyable    and    sociable    gathering. 

On  Saturday  afternoon,  March  IG,  1895,  on  invitation  of  Mr.  Samuel  G. 
Artingstall,  City  Engineer,  about  75  members  and  guests  visited  the  new 
Van  Buren  street  rolling-lift  bridge.  Every  opportunity  was  afforded  for 
a  study  of  this  novel  bridge,  representatives  of  the  City  Engineer's  ofHce, 
and  of  the  contractors,  explaining  the  construction  and  working  of  the 
bridge,  which  was  repeatedly  operated  for  the  pleasure  of  the  company. 
The  Metropolitan  West  Side  Elevated  Railway  Bridge  was  also  visited  by 
Invitation  of  Mr.  William  Hughes,  Assistant  Chief  Engineer,  who,  with  his 
assistants,    gave    much    interesting    information    regarding   this    bridge. 

A  special  meeting  of  the  society  was  held  at  Armour  Institute,  on 
Wednesday  evening,  March  20,  1895,  at  8  o'clock,  President  Horton  in  the 
chair  and  86  members  and  guests  present. 

The  President  announced  as  the  Committee  on  Excursions  and  Enter- 
tainments: Messrs.  Thomas  Appleton,  E.  Gerber,  James  J.  Reynolds,  Ralph 
Modjeski  and  George  P.  Nichols. 

Mr.  Warren  S.  Roberts,  City  Engineer  of  Bridges,  then  read  his  paper 
— "The  Van  Buren  Street  Rolling-lift  Bridge,"  the  paper  being  illustrated 
by  many  lantern  views.  A  lantern  view  of  the  Tower  Bridge  of  London 
was  then  shown,  and  Mr.  Strobel  presented  some  interesting  notes  in  re- 
gard to  this  bridge. 

A  written  discussion  of  Mr.  Roberts'  paper,  by  Mr.  W.  W.  Curtis,  was 
read  by  Mr.  Lincoln  Bush,  and  was  followed  by  oral  discussion  by  Messrs. 
Goldmark,  Hasbrouck,  Strobel,  Roberts,  Bush,  Appleton,  Nichols,  Johnston, 
Liljencrantz    and    President    Horton,   after  which  the  meeting  adjourned. 

CHARLES  J.  RONEY,  Secretary. 


Boston  Society  of  Civil  Engineers. 


ANNUAL  DINNER,  March  12,  1895.— The  thirteenth  annual  dinner  of 
the  society  was  served  at  the  Exchar-  ge  Club,  Boston,  at  6.30  o'clock  P.  M. 
One  hundred  and  sixty-three  members  and  guests  were  present.  Presi- 
dent William  E.  McClintock  sat  at  the  head  of  the  table,  and  the  following 
gentlemen  were  present  as  guests  of  the  society;  Mr.  George  S.  Mori- 
son,  president  of  the  American  Society  of  Civil  Engineers;  Mr.  Frank  A. 
Hill,  secretary  of  the  State  Board  of  Education;  Mr.  George  G.  Crocker, 
chairman  of  the  Boston  Transit  Commission;  Mr.  Osborne  Howes,  of  the 
Commission  on  Greater  Boston;  Mr.  Woodward  Emery,  chairman  of  the 
Massachusetts  Harbor  and  Land  Commission;  Mr.  George  A.  Perkins, 
chairman  of  the  Massachusetts  Highway  Commission;  Colonel  H. 
G.  Prout.  editor  of  the  "Railroad  Gazette;"  the  Rev.  Thomas  Van  Ness,  Mr. 
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G.  A.  Stacey,  president,  and  'Mr.  J.  C.  Whitney,  secretary  of  the  New  Eng- 
land Water- Works  Association;  Mr.W.L.  Dickinson,  chairman  of  the  Massa- 
chusetts Highway  Association;  Mr.  F.  M.  Curtis,  secretary  of  the  New  Eng- 
land Railroad  Cluh,  and  Mr.  F.  M.  Wakefield,  secretary  of  the  Boston 
Architectural  Club. 

President  McClintock,  after  a  few  words  of  congratulation  to  the  mem- 
bers on  the  work  of  the  society  during  the  year,  introduced  Mr.  Morison, 
who  humorously  admitted  that  the  American  Society  was  the  junior  of  the 
Boston  Society  by  a  few  years.  "But,"  he  added,  "so  also  is  the  United 
States  of  America  the  junior  of  the  Commonwealth  of  Massachusetts  by 
125  years."  He  contrasted  the  local  with  the  national  society,  and  went 
on  to  define  the  characters  of  the  two,  the  chief  distinction  between  them 
being,  he  thought,  clearly  indicated  by  their  names.  He  spoke  of  the  con- 
vention of  the  American  Society  which  w'as  held  in  Boston  in  June,  1878, 
and  was  glad  to  say  that  the  next  convention  w^ould  be  held  in  Boston  in 
June.  At  that  time  the  members  would  wish  to  see  what  had  been  ac- 
complished in  Boston  during  those  17  years.  "No  city  in  the  country," 
said  he,  "holds  the  advanced  position  that  Boston  holds  in  respect  to  the 
development  of  a  water  system,   a  sewerage   system   and   a   park   system." 

The  next  speaker  was  Mr.  Hill,  of  the  Board  of  Education,  who  referred 
to  the  numerous  "brain  Saharas"  which  all  professions  must  struggle 
with — the  prejudice  and  ignorance  everywhere  found — and  lauded  the 
wonderful  triumphs  of  the  engineering  profession.  Mr.  Crocker  spoke  in 
a  humorous  vein,  declining  to  discuss  in  detail  the  subject  of  rapid  tran- 
sit. His  general  idea  of  rapid  transit  was  to  start  on  time,  to  travel  as 
rapidly   as   possible   and   to   stop   easily. 

Mr.  Howes  narrated  pleasantly  how  his  little  boy  had  puzzled  him  with 
the  question:  "If  Mr.  So-and-So  is  a  civil  engineer  what  is  an  uncivil 
engineer?"  He  then  offered  an  explanation  of  the  use  of  the  word  "civil" 
in  that  connection.  "Civil"  is  a  part  of  the  word  "civilization,"  and  civil 
engineering  is   the  forerunner  and  promoter  of  modern  civilization. 

Colonel  Prout,  Mr.  Emery  and  th  e  Rev.  Mr.  ^'an  Ness  closed  the 
speaking  of  the  evening. 

ANNUAL  MEETING,  March  20,  1895.— The  annual  meeting  of  the 
Boston  Society  of  Civil  Engineers  was  held  at  its  rooms.  .30  Bromfield 
street.  Boston,  at  7.45  o'clock  P.  M.,  President  William  E.  McClintock  in 
the    chair.      Eighty-nine    members    and  visitors  present. 

The  record  of  the  last  meeting  was  read   and   approved. 

Messrs.  William  M.  Bailey,  Arthur  Bartlett,  Herbert  E.  Gage,  Nathan 
C.  Grover,  George  H.  Hamlin,  Henry  G.  Hunter,  Henry  A.  Nash,  Jr.,  Ar- 
thur J.  Ober,  Arthur  G.  Pierce  and  Bertrand  T.  Wheeler  were  elected  mem- 
bers of  the  society. 

On  motion  of  Mr.  Folsom  it  was  voted,  "That  the  thanks  of  the  society 
be  given  to  our  fellow-member,  Mr.  William  H.  Bradley,  for  his  very  in- 
teresting gift  of  a  portrait  of  the  late  E.  Sylvester  Chesbrough,  one  of  the 
founders  and  one  of  the  earliest  officers  of  our  society,  and  president  of  the 
American  Society  of  Civil  Engineers." 

On  motion  of  Mr.  Manley  the  sum  of  $25.00  was  added  to  the  appro- 
priation for  the  incidental  expenses  of  the  last  annual  dinner. 

The  annual  report  of  the  Board  of  Government  was  read  by  the  secre- 
tary and  accepted. 

The  annual  reports  of  the  secretary  and  the  treasurer  were  read  by 
these  officers  and  accepted. 

The  annual  report  of  the  Committee  on  Excursions  was  read  by  its 
chairman,  Mr.  Winslow,  and  accepted. 
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The  annual  report  of  the  Committee  on  the  Library  was  read  by  the 
librarian   and   accepted. 

Mr.  Doane,  for  the  Committee  on  Permanent  Quarters,  made  a  verbal 
report,  explaining  what  had  been  done  by  the  committee  during  the  year, 
and  it  was  accepted. 

The  Committee  on  Weights  and  Measures  was  given  until  the  next 
meeting  to  submit  its  report. 

On  motion  of  Mr.  Stearns  it  was  voted  to  refer  to  the  Board  of  Gov- 
ernment, with  full  powers,  the  questions  of  continuing  the  several  special 
committees  and  of  the  selection  of  the  members  thereof. 

The  secretary  read  a  communication  from  a  Committee  on  Standard 
Gauges  for  Thickness,  of  the  American  Society  of  Mechanical  Engineers, 
requesting  the  co-operation  of  this  society  in  the  effort  to  abandon  the 
system  of  arbitrary  gauges  and  to  secure  the  adoption  of  a  decimal  sys- 
tem giving  the  actual  thicknesses  and  diameters  of  the  pieces.  After  a 
short  discussion  it  was  voted  to  refer  the  communication  to  the  Board  of 
Government,  to  report  back  to   the  society  what  action  was  desirable. 

Mr.  George  A.  Carpenter  presented  the  report  of  the  committee  appoint- 
ed to  prepare  a  memoir  of  Mr.  Lincoln  G.  Hey  wood,  and  it  was  read  and 
accepted. 

Mr.  A.  F.  Noyes  presented  the  report  of  the  committee  to  prepare  a  mem- 
oir of  Mr.    Hiram   Nevons,   which   was  also  read  and  accepted. 

Mr.  KTmball,  for  the  tellers,  submitted  the  result  of  the  letter-ballot 
for  officers. 

There  being  no  election  for  president  and  librarian  by  letter-ballot,  the 
meeting  proceeded  to  choose  these  officers  from  the  two  candidates  having 
the  highest  number  of  letter-ballots. 

As  the  result  of  the  letter-ballots   and  choice  of  the   meeting,    the  presi- 
dent   announced    the    following    officers  elected: — 
President,  ALBERT  F.  NOYES. 

Vice-president    (for  two  years)  DEXTER  BRACKETT. 
Secretary,   S.   EVERETT  TINKHAM. 
Treasurer.    EDWARD   W.   HOWE. 
Librarian,  FRANK  L.  LOCKE. 
Director(  for  two  years),  RICHARD  A.  HALE. 

The  president  called  attention  to  the  fact  that  at  the  close  of  the  meet- 
ing, one  of  our  members,  Mr.  Henry  Manlej-,  would  retire  from  the 
Board  of  Government  after  fifteen  years  of  continuous  service,  and  spoke 
in  verj-  complimentary  terms  of  th.e  faithful  manner  in  which  Mr.  Manley 
had  served  the  society  as  treasurer,  president  and  director.  In  response  to 
the  hearty  applause  which  followed  the  remarks  of  the  president,  Mr.  Man- 
ley  thanked  the  members  for  this  expression  of  their  appreciation  of  his 
efforts  in  the  interest  of  the  society.  He  spoke  of  the  pleasure  his  con- 
nection with  the  society  had  always  given  him,  and  of  the  pride  he 
took  in  its  prosperity,  and  closed  by  extending  to  the  society  his  best 
wishes  for  its  continued  success. 

President  William  E.  McClintock  then  delivered  his  annual  address  as 
follows: 

TO  THE  MEMBERS  OF  THE  BOSTON  SOCIETY: 

The  most  casual  observer  cannot  fail  to  note  the  great  changes  in  the 
profession  of  the  civil  engineer  since  the  organization  of  the  Boston  So- 
ciety 47  years  ago.  In  the  early  years  of  our  society,  railroads  were  in 
their  infancy,  street  railw-ays  were  not  deemed  of  sufficient  importance  to 
call  for  the  services  of  an  engineer,  sanitation  and  water  supply  were  prac- 
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tically  unknown  factors,  electricity  was  but  a  plaything,  its  real  com- 
mercial value  not  even  being  dreamed  of  by  the  most  visionary  of  dream- 
ers, road  building  was  one  of  the  undiscovered  arts,  as  far  as  this  country 
was  concerned,  iron  and  steel  were  used  in  the  most  primitive  manner, 
and  were  hardly  thought  of  in  connection  with  bridges  or  buildings,  and  a 
thousand  and  one  things  which  seem  to  us  but  everyday  facts  were 
then  in  the  great  to  be.  There  was  not  seen  in  those  days  the  bustle  of  to- 
day. The  few  people  who  traveled  were  in  no  hurry,  and,  if  they  were,  it 
availed  them  nothing.  Mails  were  sent  and  received,  but  a  few  days 
more  or  less  in  their  transmission  were  taken  as  natural  and  unavoidable 
delays,  and  caused  no  comment.  Freight  was  in  many  instances  deliv- 
ered weeks  after  it  was  expected,  the  telegraph  was  nothing  more  than  a 
lively  infant,  and  the  man  who  dared  suggest  the  possibility  of  sending 
messages  across  the  ocean  would  have  been  considered  a  fit  subject  for  a 
lunatic  asj'lum,  while  he  who  turned  his  face  to  the  wall  and  repeated 
his  "Hello."  "Yes,"  "No,"  "All  right,"  with  the  claim  that  he  was  holding 
conversation  with  parties  hundreds  of  miles  away,  might  have  been  al- 
most burned  at  the  stake  as  one  beingin  league  with  the  powers  of  darkness. 

Our  houses  and  business  blocks  were  simple  and  plain,  with  but  little 
artistic  skill  in  plan  or  execution.  Our  streets  were  roughly  paved  and 
but  dimly  lighted  at  night.  Our  houses  and  public  buildings  were  lighted 
for  the  most  part  with  the  tallow  candle  or  the  whale  oil  lamp,  which 
tended  to  deepen  the  gloom  of  night.  As  one  looks  about  him  and  stni  s 
to  think,  he  will  gradually  realize  the  great  changes  which  have  taken 
place  during  the  few  years  which  have  elapsed  since  the  founding  of  this 
society,  and  the  civil  engineer  cannot  fail  tO'  have  a  certain  amount  of 
pride  when  he  feels  that  to  the  members  of  this  society  and  of  kindred 
societies  in  different  parts  of  the  world  has  fallen  the  duty  of  planning  and 
directing  the  works  which  have  wrought  such  a  change  in  the  social  con- 
ditions of  the  world.  Ours  is  a  work  which  demands  a  steady  hand  and 
an  active  brain,  a  power  to  plan  and  an  ability  to  change  the  original 
plans  to  meet  the  unexpected,  which  is  sure  to  happen  in  engineering 
works;  and,  to  be  successful,  an  engineer  must  keep  pace  with  the  times  and 
not  repeat  a  blunder  which  has  at  any  time  been  shown  to  be  such. 

History  and  law,  mechanics  and  mathematics,  tact  and  patience,  are 
all  needed,  if  one  would  succeed,  and  when  one  does  succeed  it  is  a  great 
surprise  to  see  on  what  slight  foundation  his  success  is  based.  If  called 
upon  to  give  the  first  requisite  of  a  civil  engineer,  I  should  name  honesty. 
He  is  not  counsel  to  argue  for  his  client,  but  rather  judge  and  jury  to 
decide  what  is  right,  regardless  of  persons,  and,  looked  at  in  this  light, 
he  must  have  a  clear  head,  and  an  honest,  unbiased  judgment.  This  brings 
up  the  question  whether  an  honest,  unbiased  judgment,  in  connection 
with  engineering  skill  and  experience,  is  a  merchantable  commodity,  to  be 
sold  to  the  highest  bidder.  Unquestionably  it  is  not,  and  the  engineer  who 
countenances  such  action  injures  not  only  himself  but  likewise  the  whole 
profession.  The  astronomer  recognizes  the  personal  equation  of  his  follow 
observers,  and  by  careful  comparison  reduces  their  observations  to  one 
standard.  The  engineer  who  sells  his  judgment  to  the  highest  bidder  inu.st 
sooner  or  later  establish  a  personal  equation  of  honesty,  and  competition 
will  inevitably  lower  the  standard  as  it  will  demand  that  the  study  be 
made  at  as  low  a  cost  of  labor  as  possible,  while  the  expression  "It  is 
good  enough  for  the  money"  will  surely  be  thought,  if  it  is  not  expressed. 

I  am  glad  the  Boston  Society  irf  broad  and  liberal  in  its  requirements 
as  to  membership  admission.  The  local  societies  are  the  home  and  school, 
the  means  of  closer  fellowship  and  intermingling  of  ideas.  It  is  by  means 
of  these   societies   that   the  old   jealousies    have   been   largely   broken   down. 
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and  a  brotherly  feeling  has  taken  tiieir  place,  so  that  each  engineer  feels 
to  rejoice  with  the  successes  of  his  fellow-engineer.  I  say  largely  broken 
down,  as  it  is  with  regret  that  we  still  observe  isolated  cases  where  one 
attempts  to  elevate  himself  by  pulling  his  brother  down,  if  we  expect  to 
place  engineering  among  the  learned  professions,  education  and  ability 
must  be  accompanied  by  dignity,  and  the  policy  of  advertising,  except  by 
card,  or  that  of  writin;?  and  visiting  parties  with  the  purpose  of  soliciting 
the  privilege  of  planning  and  supervising  large  works  mui^t  be  .lisnor.un- 
ued.  and  such  practice:;  should  l>e  frowned  down  by  every  engineer,  as 
would  be  the  case  in  the  practice  of  law  or  medicine.  Possibly  it  may  be 
a  misfortune  that  the  civil  engineer  has  no  stated  code  of  ethics,  or  sched- 
ule of  prices.  As  a  result  it  often  happens  that  roving  committees  find  one 
engineer  who  unconsciously  gives  figures  lower  than  another  for  perform- 
ing the  same  work,  and  thus  unwittingly  places  himself  in  competition. 
This  difference  in  price  may  result  from  increased  facilities  on  the  one 
hand,  or  it  may  arise  from  a  desire  to  obtain  the  work  at  all  hazards,  and 
at  any  price.  If  the  difference  results  from  the  cause  first  named,  no 
fault  can  be  found;  but  if,  on  the  contrary,  the  last  named  reason  ap- 
plies, it  not  only  demeans  the  guilty  party,  but  it  also  belittles  the  profes- 
sion and  tends  to  bring  the  engineer  into  disrepute. 

The  society  has  just  passed  through  a  very  successful  year,  the  mem- 
bership having  been  increased  by  ilie  addition  of  thirty-two  new  names, 
bringing  the  total  up  to  354.  The  regular  meetings  have  beeen  well  at- 
tended, the  papers  have  been  carefully  prepared,  and  of  unusual  Interest. 
The  excursions  to  local  points  of  interest,  or  to  works  in  progress,  have 
been  of  value  to  the  many  who  attended  them,  and  the  informal  suppers 
before  the  regular  monthly  meetings  have  increased  in  popularity,  and 
are  a  great  factor  in  bringing  our  members  together  and  making  them 
better  acquainted,  one  with  the  other.  The  weekly  informal  meetings  in 
the  library,  with  descriptions  and  discussions  of  work  being  done,  have 
been  so  well  attended  that  the  capacity  of  the  room  has  been  sorely 
taxed,  and  the  question  of  enlarged  headquarters  has  been  unexpectedly 
and  forcibly  brought  before  the  society.  The  attendance  at  these  infor- 
mal talks  has  been  nearly  double  the  attendance  at  the  regular  monthly 
meetings  of  fifteen  years  ago,  and  their  continuance  in  more  commodious 
quarters  should  be  the  early  aim  of  the  society.  Many  of  our  members  do 
not  realize  that  the  permanent  fund  of  the  society  is  growing  quite  rapidly, 
and  that  within  the  past  fourteen  years  we  have  succeeded  in  saving,  from 
our  regular  income,  over  $G000.  This  sum  may  seem  small,  but  one  has 
only  to  look  at  the  Franklin  fund,  which,  without  any  increment  other 
than  the  interest,  increased  from  about  .$.5000  to  .$375,000  in  a  little  over 
one  hundred  years,  and  he  will  see  that  with  the  honest  conscientious  at- 
tention which  our  fund  receives  from  our  treasurer,  we  may  expect  it  to 
increase  so  that  the  younger  members  may  reasonably  expect  to  carry  on 
the  work  of  the  society  in  a  home  of  its  own.  The  kindly  forethought  of 
one  of  our  members  in  subscribing  a  liberal  amount  for  the  establishment 
of  a  fund  for  permanent  headquarters,  has  opened  up  a  new  line  of  thought 
in  this  direction,  and  I  trust  that  tiie  beginning  thus  made  will  spur  oth- 
ers on  in  the  same  direction,   and  induce  them  also  to  build  for  the  future. 

The  general  depression  of  business  has  more  or  less  affected  engineer- 
ing works,  although  many  important  schemes  have  been  started,  or  re- 
ported on,  during  the  year,  and  some  extensive  works  have  been  brought 
to  a  successful  termination.  Notably  amongst  the  works  which  have 
been  started  may  be  mentioned  the  Commonwealth's  action  in  regard  to 
parks  and  State  Highways.  Amongst  the  reports  which  have  been  made 
reference   may    be   made    to    the   Charles   River    dam   and    the    Metropolitan 
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Water  Supply.  The  activity  in  steam  railroad  work  has  mostly  been 
confined  to  additions  and  improvements,  such  as  can  be  seen  at  the  new 
Union  Station,  Boston.  The  elimination  of  grade  crossings  at  Mystic  Wharf, 
Boston;  the  Roxbury  crossing,  the  Brockton  crossings  and  other  like  work. 
The  electric  railways  have  ceased  to  be  a  purely  city  institution.  They 
are  now  reaching  out  in  every  direction,  and  are  sure  to  be  a  competitor 
with  the  steam  railroads.  In  the  laying  out  of  these  railroads  the  engineer 
should  have  in  mind  the  perplexing  problem  of  grade  crossings, 
as  illustrated  by  the  steam  railroads,  and  he  should  do  all  in  his  power  to 
prevent,  if  possible,  a  repetition  of  this  great  evil.  The  planning  and  exe- 
cution of  both  public  and  private  work  are  being  more  and  more  en- 
trusted to  the  engineer.  Almost  every  city,  and  some  of  the  larger  towns, 
have   a  regularly   elected   engineer   to   look  after  the  public  works. 

No  city  or  town  would  for  a  moment  consider  the  sewerage  or  water 
problem  without  a  careful  study  and  report  by  a  competent  engineer,  and 
he  is  not  only  called  upon  to  plan  work,  but  he  is  also  required  to  advise 
on  ways  and  means,  and  in  various  other  directions.  The  old  fallacy  that 
an  engineer  cannot  sit  as  a  member  of  a  deliberative  commission  seems 
to  have  been  broken  down,  in  our  State  at  least,  by  the  appointment  of 
four  members  of  our  society  on  as  many  different  and  important  commis- 
sions. We  must  bear  in  mind  that  we  are  what  we  make  ourselves,  and  it 
remains  for  us  to  act  in  such  a  conservative,  careful  and  dignified  manner 
as  will  demand  the  confidence  of  our  clients  and  the  respect  of  the  public 
at  large. 

In  closing  I  wish  to  thank  you  as  a  society  for  the  great  honor  you 
have  conferred  upon  me  by  electing  me  to  serve  as  your  president  dur- 
ing the  period  just  past.  I  can  assure  you  that  I  deem  it  one  of  the  great- 
est honor  of  my  life,  and  as  I  step  back  into  the  ranks,  it  will  be  with  re- 
newed effort  to  do  everything  within  my  power  to  bring  honor  and  suc- 
cess to  our  society. 

At  the  close  of  the  formal  address,  Mr.  McClintock  had  thrown  upon 
the  screen  a  large  number  of  lantern  views  showing  the  work  done  by  the 
Massachusetts  Highway  Commission  in  the  construction  of  State  roads. 
Views  were  also  shown  of  the  roads  and  other  objects  of  interest  in 
Bermuda    which   Mr.    McClintock   had    recently  visited. 

(Adjourned). 

S.    E.    TINKHAM. 

Secretary. 

Anniiiil   Iteport   «»£  the  Boarrt  of  Governiuciit    lor    tlie    Year    1S94-18!»5. 

In  compliance  with  the  provisions  of  the  Constitution,  the  Board  of 
Government  submits  the  following  us  its  annual  report  for  ^he  year  end- 
ing March  20,  1895: 

We  congratulate  the  iiumbers  of  the  Society  upon  the  very  pros])er- 
ous  year  which  is  now  closed.  A  larger  number  of  names  has  besn  added 
to  our  list  of  members  than  in  any  previous  year,  the  attendance  at  the 
regular  meetings  has  been  greater,  our  annual  dinner  brought  tagether 
more  of  our  members  than  were  ever  assembled  before,  and  our  financial 
condition  was  never  better. 

During  the  year  ten  regular  meetings  have  been  held,  and  the  thir- 
teeth  annual  dinner  of  the  Society  took  place  on  March  12,  1895.  The 
total  attendance  at  the  regular  meetings  was  896.  an  average  of  Ot),  tl>.e 
smallest  attendance  at  any  meeting  being  40  and  the  largest  121.  The 
attendance  at  the  annual  dinner  was  10.S,  a  gain  of  nearly  one-  third  over 
the   largest   attendance  at   any  previous  dinner. 
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The  following  papers  and  discussions  have  been  given  at  the  regular 
meetings: 

March,  1894.  New  Formula  for  Calculating  the  Flow  of  Water  in 
Pipes  and  Channels,  bj^  W.  E.  Foss.  Account  of  Driven  Wells  in  Low- 
ell, by  George  Bowers. 

April,  1894.  Street  Grades  and  In  tersections,  by  William  B.  Fuller. 
Account  of  Welding  Electrically  the  Tracks  of  the  West  End  Street  Rail- 
way, by  A.  L..  Plimpton. 

May,  1894.  Improvements  of  the  Charles  River,  by  F.  P.  Stearns, 
with    discussion    (illustrated). 

June,  1894.  Cement  Joints  for  Sewer  Pipes,  by  F.  C.  Coffin.  Bicycle 
Track  at  Waltham,  by  W.  E.  McClintock. 

September,  1894.  Testing  Materials  at  Massachusetts  Institute  of 
Technology,  by  Gaetano  Lanza. 

October,   1894.      Cableways,   by   Spencer  Miller  (illustrated). 

November,  1894.  European  W^ater  Supplies,  by  Allen  Hazen.  Lake 
Vyrnwy  Water  Supply,   by   T.    M.    Drown. 

December,  1894.  Memoir  of  C.  W.  S.  Seymour.  Abolition  of  Grade 
Crossings,   by  J.  W.  Rollins,  Jr. 

January,  1895.  Use  of  Steel  in  Large  Buildings,  by  C.  T.  Purdy  (il- 
lustrated). 

February,  1895.  Proposed  Reservoirs  for  the  Stoi-age  of  the  Flood 
Waters  of  the  Nile,   by   Cope  Whitehouse  (illustrated). 

At  the  last  annual  meeting  the  total  membership  of  the  Society  was 
322,  of  which  315  were  members,  5  honorary  members  and  2  associates. 
During  the  past  year  we  have  lost  9  members— 5  by  death,  1  by  resig- 
nation, 1  by  transfer  to  the  Engineer's  Club  of  St.  Louis  and  2  by  for- 
feiture for  non-payment  of  dues.  There  have  been  added  to  the  Society 
during  the  year  41  members— 37  bj^  election,  and  4  who  had  resigned  or 
forfeited  membership,  have  been  reinstated.  The  net  gain  in  membership 
has  been  therefore  32. 

The  present  membership  of  the  Society  consists  of  2  associates,  4  hon- 
orary members  and  348  members,  a  total  of  3.54.  This  number  entitles 
the  Society  to  a  fourth  member  on  the  Board  of  Managers  of  the  Asso- 
ciation   of   Engineering    Societies. 

The  record  of  deaths  for  the  year  among  our  members  is  as  follows: 
Hiram  Nevons,  who  died  May  27,  1894;  Forrest  L.  Libbey,  who  died  July 
21,  1894;  Phineas  Ball,  who  died  December  19,  1894,  and  Lincoln  C.  Hay- 
wood, who  died  January  12,  1895.  We  have  also  lost  one  of  our  honorary 
members,  Franklin  Darracott,  who  joined  the  Society  at  its  organization 
in  1848  and  died  January  24,  1895. 

The  plan  inaugurated  last  year  of  holding  informal  meetings  in  our 
library  on  other  Wednesday  evenings  than  those  assigned  to  the  regular 
monthly  meetings,  has  been  continued  during  the  winter  months.  The 
only  difficulty  experienced  so  far  in  arranging  these  meetings  has  been  in 
the  way  of  accommodations.  At  some  of  these  meetings  the  attendance 
has  exceeded  thirty  persons,  and  our  library  is  wholly  inadequate  for 
such  a  gathering.  As  a  matter  of  record,  a  list  of  the  informal  meetings 
is   here   given,   with   the   subjects   discussed. 

January  31,  1894.     Sewerage  of  Newton,  by  H.  D.  Woods. 

February,  1894.  Work  of  the  Metropolitan  Sewerage  Commission,  by 
Charles  H.   Swan. 

February  28,  1894.  Work  of  the  Boston  Sewer  Department,  by  E.  S. 
Dorr. 

March  14,  1894.  Work  at  Dam  6,  Boston  Water  Works,  by  N.  S. 
Brock. 
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March    28,    1894.      Brookline   Water  Works,  by  F.  F.  Forbes. 

April  4,  1894.  Construction  Work  of  the  Boston  and  Albany  Railroad, 
by  William  Parker. 

April  11,  1894.     Boston  Public  Parks,  by  E.  W.  Howe. 

April  25,  1894.  Details  and  Methods  of  Work  on  Massachusetts  State 
Survej',  by  E.  E.  Pierce. 

May  2,  1894.  Oxidation  of  Structural  Iron  by  Electrolytic  and  Other 
Means,  by  J.  H.  Stanwood. 

May  9,  1894.  Work  of  the  Harbor  and  Land  Commissioners,  by  F.  W. 
Hodgdon. 

November  28,  1894.  City  Engineering  at  Duluth,  Minn.,  by  William  B. 
Fuller. 

December  5,  1894.  Coinage,  Weights,  Measures  and  Trigonometric 
Tables,   by  Fred  Brooks. 

December  12,  1894.  Recent  Water  Works  Construction,  by  F.  L. 
Fuller. 

January  2,  1895.  The  Present  Method  of  Laying  Out  Streets  in  Boa- 
ton,  by  F.   O.  "Whitney  and  F.  M.   Miner. 

January  9,  1895.  Graphical  Computation  as  Applied  to  Engineering 
Problems,  by  Freeman  C.   CofRn. 

January  16,   1895.     Notes  on  Power  Production,  by  Robert  S.  Hale. 

January  30,   1895.     Lighthouse  Foundations,   by  Edward  P.  Adams. 

February  6,  1895.  Sewer  Construction  in  Maiden,  by  G.  A.  Wether- 
bee.' 

February  13,  1895.  Municipal  Work  in  Brookline  and  Vicinity,  by  A. 
H.  French. 

February  27,  1895.  Coal  Handling  Appliances  for  Supplying  Locomo- 
tives, by  J.  P.  Snow. 

March  6,  1895.     Municipal  Work  in  Cambridge,  by  L.  M.  Hastings. 

The  report  of  the  Treasurer  shows  a  net  gain  of  ^791.42  in  the  funds 
of  the  Society  during  the  past  year. 

One  of  our  ex-presidents,  Mr.  Desmond  Fitzgerald,  has  subscribed  a 
liberal  amount  to  form  the  nucleus  of  a  fund  for  permanent  headquar- 
ters. This  act  demands  more  than  an  acknowledgment  with  thanks,  as 
it  opens  up  a  new  field  of  action.  Without  any  recommendation  as  to 
methods,  the  Board  of  Government  would  suggest  that  the  Society,  at  an 
early    date,    take    some    definite    action  towards  adding  to  this  fund. 

Respectfully  submitted,  for  the  Board  of  Government, 

WILLIAM    E.    McCLINTOCK, 

President. 


Ahstraiet   of  the  Treasurer's  and  Secretary's    Reports    for    the    Financial 

Year    1S94-1S95. 

CURRENT  FUND. 
"RECEIPTS. 

Dues  of  new  members $181.50 

Dues  of  resident  members  for  1893-94,  2  at  $7 14.00 

Dues  of  resident  members  for  1894-95,  244  at  $7 1708.00 

Dues  of  non-resident  members  for  1893-94     5.00 

Dues  of  non-resident  members  for  1894-95,  70  at  .'?4 280.00 

Dues  of  non-resident  members  for  1894-95     1.00 

Dues  of  non-resident  members  for  1895-96,   3   at  ."^4 12.00 

Sales   of  Journal 4.30 
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Rent  of  office 150.00 

Interest  on  deposits 1.43 

Cash  at  beginning:  of  year 131.68 

$2,488.91 

EXPENDITURES. 

Association   of  Engineering   Societies $1150.75 

Rent    500.00 

Printing,  postage  and  stationery 292.49 

Periodicals   and   binding 98.38 

Expenses  at  meetings,  stenographer  and    lantern    48.00 

Expenses  at  special  meeting 6.25 

Secretary's    salary 200.00 

Gas    4.10 

Annual   dinner  of  1894 32.00 

Cash    on    hand 156.94 

$2,488.91 

PERMANENT   FUND. 
RECEIPTS. 

Thirty-seven  entrance  fees $370.00 

Interest    and   dividends 161.32 

Share  of  Merchants'  Co-operative   Bank,  retired 88.54 

World's  Fair  Headquarters  Fund 54.40 

Subscription  to  Building  Fund 50.00 

Payment  of  real  estate  mortgage 800.00 

Cash  at  beginning  of  year 27.55 

$1,551.81 

EXPENDITURES. 

Due  in  shares  in  Merchants'  Co-operative   Bank $300.00 

New  shares  in  Merchants'  Co-operative    Bank 61.42 

Cash  on  hand,   uninvested 1190.39 

$1,551.81 

SCHEDULE    OF    FUNDS    OF    SOCIETY    ON    MARCH    20,    1895. 

One   Republican  Valley   Railroad   bond    (par    value) $600.00 

Nine  shares  C,  B.   and  Q.   R.   R.   stock    (par    value) 900.00 

Mortgage  on  real  estate 1000.00 

Twenty-five   shares   Merchants'    Co-operative    Bank 2175.17 

Cash  on  hand.  Permanent  Fund 1190.39 

Cash  on  hand,  Current  Fund 156.94 

$6,022.50 

Schedule  presented  last  annual  meeting    5,231.08 

Increase  during  the  year $791.42 


Report  of  the  Committee  on  tlie  Library. 

There  seems  to  be  but  little  that  the  Library  Committee  can  say  in  the 
way  of  a  report,  but  it  may  be  well  to  mention  one  or  two  matters:  First, 
to  emphasize  the  fact  of  the  space  for  books  being  so  cramped,  there  be- 
ing insufficient  room  even  to  place  the  books  upon  the  shelves,  to  say 
nothing  of  arranging  them  in  proper  form.  It  is  utterly  impossible  to 
find  room  for  the  new  accessions  under    the    present    arrangements;    and. 
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while  temporary  expedients  might  be  adopted,  it  would  hardly  be  wise  to 
spend  much  money  in  that  way  when  more  permanent  quarters  are  in 
view. 

The  number  of  books  has  increased  more  rapidly  this  year  than  in 
any  previous  year,  and  especially  is  this  true  of  the  more  valuable  pub- 
lications of  the  day. 

It  is  to  be  hoped,  and  we  earnestly  request,  that  any  member  of  the 
Society  who  directly  or  indirectly  publishes  anything  having  the  slight- 
est engineering  interest,  or  has  any  such  publications  of  others  brought 
to  his  notice,  will  see  that  a  copy  is  placed  on  the  shelves  of  the  Society, 
or,  where  unable  to  obtain  them  themselves,  will  notify  either  the  Li- 
brarian or  the  Secretary  in  regard  to  the  matter,  thus  assisting  mate- 
rially to  increase   the  value   of  the   library. 

The  use  of  the  library  has  changed  but  little  during  the  past  year, 
members  finding  it  rather  difficult  to  get  desired  information  from  the 
shelves  on  account  of  the  crowded  quarters.  However,  with  proper  sur- 
roundings and  a  full  catalogue,  there  is  no  doubt  that  its  use  can  be 
greatly  extended. 

The  present  system  of  taking  out  books  is  exceedingly  faulty,  and, 
but  for  the  thoughtfulness  of  the  members,  there  would  be  a  large  num- 
ber lost  annually.  It  seems  impossible  to  change  this,  as  we  are  now 
situated,  but  it  is  earnestly  hoped  that  in  the  near  future  a  catalogue 
and  a  better   system  of  distribution   can  be  obtained. 

Until  new  or  more  permanent  quarters  have  been  procured  the  Com- 
mittee cannot  make  any  specific  rec  ommendations  regarding  equipment 
or  operation,  but  they  earnestly  hope  that  no  stone  will  be  left  unturned 
to   provide   proper   accommodations   at  as  early  a  date  as  possible. 

For   the    Committee    on    the    Librari\ 

HENRY    F.    BRYANT, 

March  20,  1895.  Librarian. 


Report    of    the    Exeiirsioii    Coiiiiiiittee. 

The  report  of  the  Excursion  Committee  of  the  Boston  Society  of  Civil 
Engineers   is    herewith   submitted. 

During  the  year  the  Committee  h  as  provided  seven  excursions  and 
will,  according  to  custom,  provide  one  more,  that  for  April,  1895.  The 
trip  for  April,  1894,  provided  by  the  previous  Committee,  was  to  the 
works  of  the  Curtis-Davis  Soap  Company,  in  Cambridge,  and  owing  to  the 
tact  that  it  immediately  preceded  a  holiday,  there  were  but  four  persons 
present.  In  May  a  trip  was  taken  to  the  new  Leavitt  Pump,  at  Chestnut 
Hill,  Brighton,  also  to  the  force  main  connecting  the  pump  with  the  reser- 
voir. Thirty  members  were  present.  The  June  excursion  was  omitted 
on  account  of  the  New  England   Water  Works  Convention. 

In  September  a  trip  was  taken  to  the  new  dam.  No.  ~\  now  in  process 
of   construction   by   the   city   of   Boston,  and  there  were  52  present. 

In  October  the  Deer  Island  outfall  sewer  of  the  Metropolitaa  System 
was  visited,  also  the  Moon  Island  Works  of  the  Boston  Sewerage  System. 
Seventy-five   attended    this   excursion. 

In  November  a  visit  was  made  to  various  points  of  interest  in  Lowell, 
42  being  present. 

In  December  the  excursion  was  omitted,  and  in  January  the  East  Bos- 
ton Tunnel  of  the  Boston,  Revere  Beach  and  Lynn  Railroad  was  inspected 
by  42  members. 

The    most    popular    trip    of    the    year    was    made    in    February    to    the 
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Charlestown  Navy  Yard,  to  see  especially  the  new  ram  Katahdin.  Other 
points  of  interest  in  the  Yard  were  visited,  110  members  and  friends  being 
present. 

In  March  the  garbage  reduction  works  of  the  New  England  Construc- 
tion Company,  on  Gibson  street,  Dorchester,  were  visited,  55  members 
present. 

The  Committee  desires  to  express  to  many  of  our  members  its  appre- 
ciation of  the  ma,ny  courtesies  extended  and  the  co-operation  cheerfully 
given  in  order  that  our  excursions  might  be  successful. 

For  the  Committee, 

FREDERIC     I.     WINSLOW, 

March  20,  1S95.  Chairman. 

HIRAM    XEVOXS. 

A    MEMOIR. 

By  R.  C.  P.  Coggeshall,  Albert  F.   Noyes   and   Dexter   Brackett,   Committee 
of  the  Boston  Society  of  Civil  Engineers. 

(Read    March  20,  1895.) 

Hiram  Nevons  was  born  at  New  Gloucester,  Me.,  April  5th,  1S3P).  His 
father  was  a  farmer  and  he  lived  at  home  until  he  was  sixteen  years  old, 
when  he  went  to  Portland  to  learn  the  carpenter's  trade.  The  next  year 
we  find  him  employed  by  a  firm  of  ship  builders  at  Freeport,  Me.,  where 
he  remained  four  years.  He  then  came  to  Boston  and  entered  the  service 
of  Gore,  Rose  &  Co.,  municipal  and  railroad  contractors,  who  soon  placed 
him  in  charge  of  their  paving  contracts  with  the  city  of  Cambridge.  Al- 
though but  twenty-one  years  of  age,  he  had  already  demonstrated  a  rare 
ability  in  the  leading  and  management  of  workmen,  and  his  services  were 
deeply  appreciated  by  his  employers.  Owing  to  the  panic  of  1857,  busi- 
ness soon  became  very  much  depressed,  and  during  the  following  winter  we 
find  Mr.  Nevons  at  Mobile,  Ala.,  where,  in  company  with  two  other  North- 
ern men,  he  contracted  to  do  a  large  amount  of  work  on  a  mail  steamer 
then  building  there.  'The  following  spring  he  returned  to  Cambridge 
and  re-entered  the  service  of  his  former  employers.  Gore,  Rose  &  Co.,  re- 
maining continuously  with  them  until  the  spring  of  1862,  when,  under  the 
pressure  of  war  time,  nearly  all  work  on  municipal  improvements  ceased. 

He  then  returned  to  Freeport,  Me.,  where,  in  September,  1862,  he  en- 
listed in  the  Twenty-fifth  Regiment  of  Maine  "Volunteers.  He  remained  in 
the  service  until  the  regiment  was  mustered  out,  in  July,  1864.  The  follow- 
ing three  j'ears  he  was  engaged  in  ship  building  at  Yarmouth  and  Free- 
port,  Me.,  and  at  Cleveland,  O.  In  September,  1867,  he  returned  to  Cam- 
bridge and  followed  the  business  of  paving  for  the  next  ten  years,  eight 
in   the   employ  of  Gore  &  Co.   and  the  remainder  on  his  own  account. 

On  May  8,  1877,  he  was  unanimously  chosen  to  be  superintendent  of 
the  Cambridge  Water  Works,  which  position  he  ably  filled  until  the  day 
of  his  death. 

It  was  with  great  reluctance  that  Mr.  Nevons  accepted  this  position, 
feeling  that  he  could  not  command  the  requisite  training  in  hydraulic  en- 
gineering, but  no  mistake  in  the  selection  of  a  superintendent  was  made 
by  the  Cambridge  Water  Board,  for  he  applied  himself  with  characteris- 
tic energy  and  persistency  to  his  new  duties  and  to  studies  connected 
therewith,  and  soon  became  well  informed  upon  all  matters  pertaining 
to  water  works  construction  and  maintenance,  and  his  opinions  command- 
ed the  respect  of  his  large  circle  of  acquaintance  among  water  works  of- 
ficials. 
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During  the  seventeen  years  covered  by  his  administration  he  occupied 
an  important  part  in  the  development  of  the  many  improvements  which 
have  been  made  to  the  Cambridge  Water  System.  The  additional  supply 
from  Stony  Brook  has  been  constructed  and  Fresh  Pond  has  been  deep- 
ened in  its  shallow  parts.  Its  shoi'es  have  been  riprapped,  and  girdled  by  a 
wide  and  attractive  drive,  and  its  neighborhood  has  been  converted  into  a 
fine  park.  Other  extensive  improvements  were  being  made  at  the  time  of 
Mr.  Nevons'  death.  Through  all  these  years  Mr.  Nevons  has  modestly  at- 
tended to  his  various  duties  in  the  most  faithful  manner.  He  always  proved 
himself  to  be  a  highly  satisfactory  leader  of  the  men  under  his  charge,  and 
has  always  retained  the  confidence  of   his  fellow  citizens. 

He  married  an  estimable  lady  of  Freeport,  Me.,  in  1851),  by  whom  he 
had  four  children,  all  of  whom  are  living. 

He  was  one  of  the  most  widely  known  members  of  the  Water  Works 
fraternity  of  New  England,  and  was  a  member  of  many  societies.  Among 
these  may  be  named  in  the  Masonic  Fraternity,  the  Grand  Army  of  the  Re- 
public, the  Boston  Society  of  Civil  Engineers,  the  American  and  the  New 
England  Water  Works  Associations,  the  Citizens'  Trade  Union,  the  Cam- 
bridge Club,  and  others.  In  all  of  these  he  took  an  active  interest  and  was 
an  honored  and  beloved  member. 

He  died  at  his  home  in  Cambridge,  Mass.,  on  May  IT,  1S04,  after  several 
weeks  of  great  suffering. 

A  fitting  testimonial  to  his  work  and  character  was  offered  in  the  form 
of  resolutions  passed  by  the  Cambridge  City  Council,  and  the  Cambridge 
Water  Board. 

He  joined  the  Boston  Society  of  Civil  Engineers  June  10,  18S0,  and 
while,  on  account  of  his  exacting  official  duties,  he  was  not  permitted  to 
take  an  active  part  in  its  work,  he  took  a  great  personal  interest  in  the 
work  of  the  Society  and  continued  his  membership  during  his  life.  As  a 
man  and  true  christian  citizen,  he  was  held  in  high  esteem  by  all  who  knew 
him;  as  a  friend  and  associate,  he  was  an  intelligent,  genial,  agreeable  and 
thoroughly  companionable   man. 


LINCOLN    C.   HKYWOOO. 

A    MEMOIR. 

By    George    A.    Carpenter    and    Morris   Knowles,    Committee   of   the    Boston 
Society  of  Civil  Engineers. 

(Read   March  20,   1895.) 

Lincoln  Crawford  Heywood,  youngest  son  of  George  and  Mary  (Reed) 
Crawford,  was  born  in  Pawtucket,  R.  I.,  September  29,  1868.  Upon  the 
death  of  his  mother  he  went  to  live  with  his  aunt,  Mrs.  Charles  Hey- 
wood, whose  husband  was  then  superintendent  of  the  Boston  and  Fitch- 
burg  Railroad.  His  early  education  was  received  in  the  public  schools  of 
Boston,  which  city  was  the  home  of  his    adopted    parents. 

After  the  death  of  Mr.  Charles  Heywood,  in  1884,  the  family  removed 
to  Pawtucket,  R.  I.,  and  the  course  of  study  was  continued  there  in  the 
High  School.  The  young  man  was  graduated  with  the  class  of  188G,  and, 
with  a  number  of  his  classmates,  entered  Brown  University  in  the  fall, 
remaining  as  a  member  of  the  class  of  1890  for  three  years.  During  this 
time  he  prepared  himself  for  that  branch  of  work  in  which  he  was  ever 
after  deeply  interested,  and  by  diligent  and  conscientious  labors  he  was 
able  in  1889  to  enter  the  third-year  class  of  the  Massachusetts  Institute  of 
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Technology.  He  was  graduated  with  this  class  in  1891,  receiving  the 
degree  of  Bachelor  of  Science  in  the  Department  of  Civil  Engineering. 
The  title  of  his  graduating  thesis  was:  "A  Plan  for  Widening  the  Stone 
Highway  Bridge  at  Pawtucket,  R.  I.,"  and  this,  together  with  his  other 
school  work,  showed  the  careful  and  painstaking  habits  which  have  charac- 
terized all  of  his  later  efforts. 

Upon  leaving  school  Mr.  Heywood  was  engaged  by  the  Interstate  Street 
Railway  Company  as  their  engineer,  and  in  accordance  with  his  plans  and 
under  his  supervision  their  large  system  was  built.  In  July,  1893,  he  sever- 
ed his  connection  with  the  Interstate  Company  to  accept  the  position  of 
engineer  of  the  town  of  Lincoln,  R.  I.,  which  had  been  tendered  him.  He 
was   re-elected   in   1894,   and   held   this  office  at  the  time  of  his  death. 

One  of  the  most  important  problems  encountered  in  this  last  position 
was  the  design  of  a  sewerage  system  for  a  certain  section  of  the  town 
which  had  long  been  in  need  of  sewers,  but  up  to  this  time  many  difficulties 
had  arisen  to  prevent  their  construction.  The  plan  suggested  by  Mr.  Hey- 
wood proposed  intermittent  filtration  as  the  method  of  disposal.  This  re- 
ceived the  approval  of  the  town  authorities,  and  money  was  appropriated 
for  the  construction  of  the  system,  upon  which  work  he  was  engaged 
at  the  time  of  his  last  sickness.  He  desired  as  well  to  bring  the  sewers 
of  the  different  sections  of  the  town  into  one  complete  and  harmonious  sys- 
tem, and  had  taken  steps  to  reach  this  beneficial   result. 

Mr.  Heywood  was  also  much  interested  in,  and  had  worked  upon,  a  set 
of  assessor's  maps  of  the  town.  It  was  his  intention  to  establish  and  locate 
all  important  points  by  a  system  of  co-ordinates  referred  to  and  connected 
with  the  United  States  Coast  and  Geodetic  Survey. 

On  December  15,  1892,  Mr.  Heywood  was  united  in  marriage  to  Edith, 
only  daughter  of  Bela  P.  Clapp,  of  Pawtucket,  and  beside  his  wife  a  little 
daughter  remains  to  mourn  his  loss. 

He  was  associated  with  the  Delta  Upsilon  Fraternity,  being  a  charter 
member  of  the  Brown  University  Chapter.  He  was  also  a  member  of  the 
Union  Lodge,  No.  10,  A.  F.  and  A.  M.,  and  of  the  Pawtucket  Royal  Arch, 
Chapter  No.  4. 

Mr.  Heywood  was  taken  ill  the  last  of  December  with  that  dread  dis- 
ease, typhoid  fever,  which  he,  in  common  with  many  other  engineers, 
through  the  agency  of  pure  water  supplies  and  proper  sewerage  systems, 
had  been  striving  to  render  less  dangerous  to  the  community  and  less 
likely  to  become  epidemic  in  thickly  settled  districts.  He  died  January  12 
1895,  being  mourned  by  a  loving  family  and  a  large  circle  of  friends. 

Mr.  Heywood  became  a  member  of  the  Boston  Society  of  Civil  Engineers 
May  20,  1894.  Although  cut  off  at  an  early  age,  he  yet  leaves  behind  an 
example  of  earnest,  thorough  and  conscientious  devotion  to  the  work  of 
the  profession,  an  example  by  which  we  may  all  profit. 

GEORGE    A.    CARPENTER, 
MORRIS     KNOWLES, 

Committee. 


Civil  Engineers'  Club  of  Cleveland. 


ANNUAL   MEETING. 

CASE  LIBRARY,  March  12,  1895.— The  meeting  was  called  to  order  at 
8  o'clock  P.  M.  by  the  President.  Forty-three  members  and  visitors 
were  present. 

The  record  of  the  meeting  held  on  February  12  was  read  and  approved. 
29 
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A  verbal  report  from  the  Banquet  Committee  was  presented  by  Mr. 
Richardson,  and  also  by  Professor  Howe.  The  annual  reports  of  the  secre- 
tary and  treasurer  were  then  read,  and  it  was  moved  and  carried  that  the 
reports  be  accepted  and  placed  on  file.  The  annual  report  of  the  librarian 
was  then  presented,  which  was  also  accepted  and  ordered  placed  on  file. 
The  librarian,  in  concluding  his  report,  offered  the  following  resolution, 
which  was  unanimously  adopted: 

"Resolved,  That  the  Civil  Engineers'  Club  of  Cleveland,  wishing  to  sig- 
nify their  appreciation  of  the  labors  of  Chairman  J.  B.  Johnson  and  Secre- 
tary J.  C.  Trautwine  in  advancing  the  interests  of  the  Association  of  En- 
gineering Societies,  and  in  improving  the  journal  of  the  association,  hereby 
extend  to  the  gentlemen   named,   a  unanimous  vote  of  thanks." 

A  unanimous  vote  of  thanks  was  tendered  Mr.  Ambrose  Swasey  for 
the  beautiful  photograph,  representing  the  bridge  and  castle  of  St.  Angelo, 
which  he  had  presented  to  the  club. 

A  report  from  the  Program  Committee  was  presented  by  the  chairman, 
E.   C.   Cooke,  which  report  was  accepted  and  ordered  placed  on  file. 

President  Swasey  then  read  the  annual  address,  entitled  "The  Special- 
ist in  Engineering."     See  appendix. 

The  Secretary  then  read  the  reports  of  the  tellers  appointed  to  can- 
vass the  ballot  for  members  and  officers.  Joseph  Rogers  Oldham  elected 
to  active  membership.  George  Herbert  Bowler  elected  to  associate  mem- 
bership.    Axel  Hugo  Petterson  elected  to  corresponding  membership. 

The   following  were   elected  to  serve  as  officers  for  the  coming  year: 
For  president,   Augustus    Mordecai. 
For  vice-president,    Charles  W.  Wason. 
For  secretary,  F.   A.      Coburn. 
For  treasurer,    Jome     C.  Wallace. 
For  librarian,     James  Ritchie. 
For  first  director,  Walter  Miller. 

For   second   director,   John  L.  Culley. 

After  some  short  speeches  by  the  newly-elected  officers,  it  was  moved 
by  Mr.  Mordecai  that  a  vote  of  thanks  be  tendered  the  retiring  officers  of 
the  club.     The  motion  was  unanimously  carried. 

President  Swasey  then  extended  his    thanks    to    the    vice-president    and 
secretary  of  the  club,  as  well  as  the  other    officers,    for    the    assistance    and 
support    which    they    had    given    him   throughout  his  term  as  president. 
The  meeting  adjourned  at  9.30  o'clock. 

FRANK     C.    OSBORN, 
Secretary. 


APPENDIX. 

THE     SPECIALIST  IN    ENGINEERING. 

ANNUAL,  ADDRESS   OF   PRESIDENT      AMBROSE      SWASEY. 

The  many  difficult  and  seemingly  insurmountable  problems  in  engineer- 
ing and  construction,  which  have  been  solved  in  ancient  and  modern  times, 
serve  as  guide  posts  clearly  pointing  to  the  most  direct  road  by  which  the 
engineer  of  to-day  may  reach  his  destination.  Yet  there  are  many  new 
problems  constantly  presenting  themselves,  whose  perplexing  complica- 
tions call  forth  the  engineer's  thorough  knowledge  of  what  has  been  done, 
and  his  skill  and  ability  to  devise  new  ways  and  means  for  meeting  these 
new  conditions.  The  many  crowded  technical  and  scientific  schools 
throughout  this  country,  where  thousands  of  our  brightest  young  men  are 
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being  educated  and  trained  in  tlie  various  departments,  show  conclusively 
that  America  is  awake  to  the  fact  that  more  will  be  demanded  of  the  rising 
g-eneration,  and  that  they  will  be  required  to  undertake  the  most  difficult 
engineering  works.  Those  who,  when  young,  had  not  these  privileges,  but 
were  obliged  to  study  early  and  late  in  order  to  gain  the  knowledge  which 
is  comparatively  so  easilj"  acquired  in  these  modern  schools,  so  splendidly 
equipped  with  every  appliance  for  demonstrating  the  practical  as  well  as 
the  theoretical  side  of  engineering,  can  truly  appreciate  the  great  advantage 
they  are  to  the  young  men  who  honestly  desire  a  scientific  education. 

And  to  what  grander  and  nobler  purpose  can  wealth  be  devoted  than  to 
such  practical  institutions  as  Peter  Cooper  and  hundreds  of  others  through- 
out this  country  have  endowed  and  equipped?  Now,  more  than  ever  be- 
fore, men  realize  that  money  thus  donated  is  not  spent,  but  transferred 
and  transformed  into  active  minds,  trained  in  their  especial  lines  of  work, 
upon  whom  the  engineering  and  scientific  achievements  of  the  future  must 
depend. 

The  engineering  societies  throughout  the  country  are  to  the  engineers 
of  to-day  what  the  technical  schools  are  to  the  future.  The  members  of 
these  societies,  being  men  of  experience  and  of  similar  professions,  realize 
the  great  benefits  derived  from  attending  the  sessions,  where  they  may  come 
in  contact  with  those  who  are  working  in  the  same  lines,  and,  although 
busy  men,  they  travel  to  distant  points  of  the  country  in  order  that  they 
may  take  part  in  the  discussion  of  subjects  in  which  they  are  especially 
interested,  or  listen  to  the  advice  and  experience  of  others.  The  increasing 
numbers  and  influence  of  these  societies,  whose  transactions  represent  the 
most  modern  thought  and  practice,  testify  to  their  great  value  in  the  euu- 
cation  and  advancement  of  the  engineer. 

The  few  societies,  which,  like  our  own,  have  among  their  memberships 
civil,  mechanical  and  electrical  engineers,  architects  and  scientists,  and  be- 
fore which  are  presented  papers  upon  the  correlated  subjects  peculiar  to 
these  several  classes,  provide,  for  their  members,  a  variety  of  interest  to 
all.  At  these  meetings  we  learn  of  the  many  types  of  bridges  in  use,  of  the 
great  steamships  and  of  the  engines  that  propel  them,  of  the  long  and  diffi- 
cult railroad  tunnels  and  trestles,  of  the  generators  and  transmitters  of 
electrical  energj%  and  of  the  construction  of  our  great  modern  buildings; 
or  the  scientist  tells  us  of  his  investigations,  of  the  thought  and  care  that 
had  to  be  taken  at  every  step  of  the  process,  of  the  minute  and  subtile  quan- 
tities with  which  he  had  to  deal,  and  he  then  gives  us  the  result  of  his  re- 
search, which  was  gained  only  after  years  of  patient  toil.  Few,  perhaps, 
fully  understand  the  difficulties  which  he  encountered,  or  appreciate  the 
benefit  of  the  result  to  the  cause  of  science,  yet  all  are  intensely  interested 
in  his  work  and  may  learn  the  lesson  of  accuracy,  of  the  necessity  of  atten- 
tion to  the  smallest  detail,  and,  most  important  of  all,  of  perseverance. 
And  so  with  all  the  subjects  that  are  presented  at  these  meetings.  We  may 
learn  from  each  much  that  will  aid  us,  and  we  cannot  fail  to  see  that  the 
greatest  achievments  have  been  won  by  those  who  have  devoted  themselves 
to  a  special  line  of  work. 

When  we  visit  the  interesting  city  of  Florence  and  see  that  wonderful 
statue  of  David,  the  admiration  of  the  world,  chiselled  by  Michael  Angelo's 
own  hands  from  an  abandoned  block  of  marble,  and  then  enter  the  Sistine 
Chapel  at  Rome  and  look  with  amazement  at  his  ceiling  frescoes,  which  are 
said  to  excel  even  those  of  Raphael,  and  then  retrace  our  steps  and  stand 
beneath  the  great  dome  of  St.  Peter's,  which  he  also  designed,  and  which 
is  acknowledged  to  be  one  of  the  grandest  examples  of  architecture,  we  feel 
that  to  one  man  at  least  have  been  given    especial    powers    by    which    he 
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could  excel  in  these  great  arts,  sculpture,  painting,  architecture  and  en- 
gineering. But  the  world  waited  many  years  for  a  Michael  Angelo,  and  it 
has  not  yet  seen  another.  Few  can  expect  to  accomplish  what  he  did,  for 
when  we  call  to  mind  the  works  of  the  great  painters,  Raphael,  Titian 
and  Rubens,  or  of  the  sculptors,  Canova  and  Thorwaldsen,  or  of  the  archi- 
tects, Giotto  and  Brunelleschi,  we  find  that  these  men  won  distinction  in  a 
single  art,   although,   no   doubt,   they  were  ambitious  to  excel  in  others. 

When  we  visit  the  city  of  Antwerp  and  study  the  lines  and  proportions 
of  the  arch  or  gateway  designed  by  Rubens,  and  then  turn  to  his  most 
famous  paintings  in  the  Cathedral  near  by,  we  can  but  wish  that  he  had 
continued  to  use  his  brush,  and  had  left  the  designing  of  the  arch  to  such 
an  architect  as  he  who,  one  hundred  years  before, constructed  the  beauti- 
ful lacework  tower  of  that  Cathedral.  And  the  same  principle  holds  true 
in  our  day.  The  men  who  have  been  foremost  in  science,  in  art,  in  archi- 
tecture, and  in  engineering,  are  those  who  have  given  their  life  work  to  a 
single  calling  or  profession. 

The  beautiful  grounds  and  buildings  of  the  Columbian  Exposition 
formed  a  noted  example  of  the  work  of  specialists;  architects,  civil,  hy- 
draulic, landscape,  mechanical,  electrical  engineers,  scientists,  sculptors 
and  artists,  each  having  experience  and  a  thorough  knowledge  of  his  own 
particular  department,  like  trained  soldiers,  under  the  direction  of  an 
efficient  leader,  went  forward  and  completed  this  great  work,  the  result  of 
which  we  all  know.  It  could  not  have  been  otherwise,  because  it  was  not  the 
work  of  one,  but  the  work  of  many.  The  grand  municipal  and  mercantile 
buildings  which  are  now  erected  so  quickly  in  our  great  cities,  are  composite, 
not  only  because  they  are  built  of  different  materials,  but  because  they  are 
built  by  different  professions.  The  architect  studies  the  requirements,  lays 
out  the  plan,  and  gives  to  it  expression.  The  scientist  tests  the  steel  for 
the  phosphorus  and  carbon,  and  determines  the  strength  and  quality  of 
the  cement.  The  civil  engineer  constructs  the  foundations  and  designs 
the  trusses,  while  the  mechanical  and  electrical  engineers  attend  to  the 
problems  of  heating,  ventilating  and  lighting,  and  that  of  carrying  its  oc- 
cupants from  floor  to  floor. 

Although  a  Hunt  may  design  the  palatial  residences  of  Newport  or  give 
character  and  grand  proportion  to  the  Administration  Building,  whose  dome 
glittered  both  by  day  and  by  night,  yet  he  called  to  his  assistance  an  en- 
gineer to  work  out  the  details  of  construction,  and  a  sculptor  to  model 
the  sta.tuary  that  adorned  it.  This  magnificent  structure,  when  completed, 
was  their  combined  work,  yet  it  added  new  laurels  to  the  fame  of  the  archi- 
tect, and  to  that  of  the  sculptor  and  engineer  as  well.  This  shows  only 
that  the  greater  the  success  of  the  undertaking,  the  greater  the  credit  to  all 
who  take  part  in  the  work,  and  that  the  architect  or  engineer  who  attempts 
to  do  the  work  of  others,  in  order  that  he  may  take  the  entire  credit  to  him- 
self, generally  fails  in  all. 

Apparently  some  are  not  yet  aware  that  the  day  of  the  Universal  Engi- 
neer, who  claims  to  have  a  thorough  knowledge  of  all  branches  of  engi- 
neering, is  past.  The  high  character  of  the  work  that  is  being  done 
throughout  the  country  shows  conclusively  that  it  is  not  the  Universal  En- 
gineer, but  the  experienced  specialist,  who  has  charge  of  it.  This  division 
of  labor  in  engineering  and  construction  means,  more  public  improve- 
ments, more  convenient  and  architectural  buildings,  better  equipped  rail- 
roads, safer  and  faster  ships,  machinery  of  improved  design,  and  bridges 
not  only  substantial,  but  architectural.  In  the  new  Tower  Bridge  of 
London,  the  iron  work  which  sustains  the  loads  is  encased  in  most  exqui- 
site   stonework    for    architectural    effect,  after  the  manner  of  our  best  build- 


PROCEEDINGS.  61 

ings  of  to-day.  This  bridge  has  been  severely  criticised  because  of  its  cost 
and  because  it  does  not  represent  upon  the  outside  its  true  construction, 
yet  no  doubt,  in  years  to  come,  it  will  be  looked  upon  as  one  of  the  finest 
examples  of  architectural  engineering  of  this  age. 

We  have  already  done  much  in  this  country  towards  making  our  public 
works  more  ornamental.  The  beautiful  Washington  Bridge,  so  much  ad- 
mired by  all,  shows  our  high  appreciation  of  the  artistic  as  well  as  the 
useful,  and  in  the  future  more  will  be  required  of  the  engineer  in  this  direc- 
tion than  ever  before. 

The  old  millwright,  of  the  first  half  of  this  century,  had  to  construct 
alone  the  dam  across  the  river,  to  hew  the  logs,  and  erect  the  mill,  to  shape 
the  teeth  of  the  wooden  cog  wheels,  to  turn  the  bearings  of  the  square 
shafting,  and  to  pick  the  flinty  stones  for  grinding  the  grain.  If  he,  like 
Rip  Van  Winkle,  could  now  awake,  he  would  find  that  not  only  the  moun- 
tain trees  have  grown  taller  and  the  familiar  faces  gone,  but  that  his  work 
has  been  divided  between  many  professions,  and  that  the  progress  of 
civilization  has  so  leavened  these  that  many  of  them  have  in  turn  been  sub- 
divided, and  that,  as  a  consequence,  the  leaky  wooden  dam  has  been  re- 
placed by  one  of  solid  masonry,  the  huge  creaking  overshot  water  wheel 
has  been  taken  down  in  order  that  the  spinning  steel  turbine  might  do  its 
work,  and  that  there  is  left  of  the  mill  or  machinery  but  little  that  he  can 
recognize.  Even  the  old  millstones  have  been  taken  out  and  used  for 
steps,  while  the  grain  is  passing  with  lightning  speed  between  fluted  iron 
rollers.  He  finds,  in  addition  to  these  changes,  that,  in  order  to  meet  the 
ever-increasing  demands  of  our  modern  civilization,  larger  and  swifter 
rivers  have  been  controlled,  until  the  great  Niagai-a  has  been  harnessed 
to  furnish  power  for  heat,  light  and  manufacturing,  not  only  within  the 
sound  of  its  own  roar,  but  by  means  of  threads  of  copper  to  great  cities 
many  miles  away.  No  wonder  the  world  seems  strange  to  him  and  that  he 
wishes  to  return  to  sleep.  Should  he  awake  in  the  middle  of  the  twentieth 
century  he  would  find  that  even  greater  things  have  been  accomplished  by 
the  engineers  now  being  trained  in  our  technical  schools,  that  the  forces 
of  nature  have  been  more  and  more  utilized  until  the  energy  of  the 
beautiful  cascades  of  the  distant  mountains  has  been  carried  into  the  homes 
of  the  people  for  their  convenience  and  comfort,  and,  so  long  as  civiliza- 
tion lasts,  new  and  difficult  problems  will  constantly  arise  to  tax  the  skill 
of  the  engineer. 

Civil  Engineers'*  Society  of  St.  Paul. 


MARCH  4,  1805. — A  regular  m  eeting  of  the  Civil  Engineers' 
Society  of  St.  Paul  was  held  at  S..30  P.  M.  Present,  l.j  members  and 
5  visitors.  President  Stevens  in  the  chair.  Minutes  of  previous  meeting 
read  and  approved.  The  following  committee  on  standard  wire  gauges  was 
appointed  by  the  President:  Mr.  Crosby,  Mr.  Toltz,  Mr.  Merryman,  Mr.  Lyon 
and  Mr.  Hogeland.  The  question  of  the  consolidation  of  the  various  U.  S. 
surveys  was  referred  to  the  Committee  on  Minnesota  State  Survey  and 
Mr.  Powell. 

Mr.  Truesdell  read  a  paper  entitled  "The  First  Engineer."  Hero,  in  his 
opinion,  was  the  man  to  be  honored  with  this  title.  Hero  was  the 
first  to  formulate  and  practically  apply,  200  years  B.  C,  the  principles  of 
geometry  and  mechanics.  This  pioneer  instructor  in  practical  science  in- 
vented land  surveying  and  leveling,  and  perfected  innumerable  engines  of 
war  and  other  constructions.  An  enthusiastic  vote  of  thanks  was  accorded 
Mr.  Truesdell. 
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Mr.  Crosby  displayed  a  number  of  drawings  illustrating  the  solution  of 
some  of  the  problems  met  with  during  the  construction  of  the  40-ton  crane 
just  completed  by  his  company  for  the  Mare  Island  Navy  Yard. 

C.   L.  ANNAN.   Secretary. 


Ensrineers'  Club  of  St.  liOiiis. 


413TH  MEETING,  March  G,  1S95.— Vice-President  Ockerson  called  the 
club  to  order  at  1600  Lucas  Place,  at  8.20  P.  M. ;  twenty-three  members 
and  nineteen  visitors  present. 

The  minutes  of  the  412th  meeting  were  read  and  approved,  as  corrected. 
The  Executive  Committee  reported  the  doings  of  its  lS3d  and  lS4th  meet- 
ings, announcing  the  resignation  of  Mr.   T.  L.  Condron. 

The  resignation  of  Mr.  J.  N.  Judson,  as  librarian,  was  read,  and,  on  mo- 
tion, accepted.  Ordered,  on  motion,  that  the  matters  of  nominations  for 
the  office  of  librarian,  and  compensation  for  his  services,  be  referred  to  the 
Library  Committee,  with  request  for  a  report  at  the  next  meeting. 

The  secretary  read  a  letter  from  the  chairman  of  the  American  Society 
of  Mechanical  Engineers'  Committee  on  Standard  Gauges  for  Thickness,  re- 
questing the  appointment  of  a  committee  to  co-operate  with  them  in  the 
matter.  The  secretary  also  read  a  report  embodying  the  action  of  that  com- 
mittee, in  conjunction  with  a  committee  of  the  American  Railway  Master 
Mechanics'  Association.  On  motion  it  was  ordered  that  a  committee  of 
three  be  appointed  on  this  subject.  The  chair  appointed  Messrs.  E.  D.Meier, 
J.  Kinealy  and  W.  H.  Bryan. 

Prof.  J.  B.  Johnson  then  addressed  the  club  on  the  subject  of  "Wood 
Structure,"  explaining  in  detail  the  characteristics  of  the  various  woods 
commonly  found  in  the  markets.and  the  methods  and  appliances  used  in  test- 
ing their  strength.  The  lecture  was  illustrated  by  a  large  number  of  stere- 
opticon  views  showing  cross-sections  which  brought  out  plainly  the  charac- 
teristics of  each  wood.  It  was  shown  that  the  strength  of  the  wood  depends 
upon  the  proportion  of  solid  to  porous  matter,  the  former 
being  due  to  the  rapid  spring  growth,  and  the  latter  to  the 
slower  summer  and  fall  growth.  He  also  showed  that  the  strength  was 
reduced  as  the  percentage  of  moisture  increased.  He  considered  this  the 
real  explanation  of  Prof.  Lanza's  statement  that  large  pieces  of  timber  were 
weaker  than  small  ones,  as  the  laboratory  tests  had  shown  no  difference  in 
this  respect.  Messrs.  Crosby,  Kinealy,  Moore,  Wheeler  and  Winslow  par- 
ticipated   in    the    discussion. 

Adjourned. 

WILLIAM  H.   BRYAN,   Secretary. 

414TH  MEETING,  March  20,  1895.— President  Russell  called  the  club  to 
order  at  8.15  P.  M.  at  IGOO  Lucas  Place.  Twenty-five  members  and  nine  vis- 
itors present.  The  minutes  of  the  413th  meeting  were  read  and  approved. 
The  Executive  Committee  reported  the  doings  of  its  185th  meeting.  The 
following  applications  for  membership  were  announced:  George  B.  Leighton, 
vice-president  Kansas  and  Texas  Coal  Co.,  and  Joseph  Ramsey,  Jr.,  general 
manager  Terminal  Railroad  Association. 

Mr.  J.  A.  Laird  reported  for  the  Committee  on  Library  the  nomination  of 
Mr.  W.  A.  Layman  for  librarian.  He  also  reported  progress  in  the  matter 
of  re-arranging  the  library.  Mr.  Laird's  resignation  as  chairman  had  been 
accepted,  and  Mr.  Julius  Baier  had  been  elected  as  his  successor. 
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The  secretary  read  the  following  report: 

Mr.  S.  Bent  Russell,  C.  E. 

President  The  Engineers'  Club,  St.  Louis,  Mo.: 

Dear  Sir:  Your  Committee  on  Standard  Gauges  for  Thickness  of  Metals 
beg  leave  to  report  as  follows: 

A  letter  from  the  American  Society  of  Mechanical  Engineers,  dated  Feb- 
ruary 21,  1895,  to  the  Engineers'  Club,  asks  us  to  co-operate  with  their  so- 
ciety in  the  matter  of  recommending  a  gauge  system  based  on  actual  thick- 
ness and  diameters  and  state  it  in  a  decimal  system.  Your  committee  are 
unanimous  in  the  opinion  that  the  old  arbitrary  gauges  now  in  use  are  apt 
to  lead  to  confusion,  and  the  course  recommended  by  the  joint  committee  of 
the  American  Society  of  Mechanical  Engineers  and  the  Railway  Master  Me- 
chanics'Association  is  the  right  way  out  of  the  difficulty.  It  is  absolutely 
necessary  in  mechanics  and  in  business  that  standards  should  be  plain,  ea- 
sily understood  and  of  as  wide  acceptance  as  possible.  Since 
It  is  not  at  present  feasible  to  introduce  the  French  sys- 
tem of  measures  used  all  over  the  Continent  of  Europe,  in  our  practice, 
there  can  be  no  doubt  that  giving  thicknesses  in  thousandths  of  the  inch  is 
the  best  practical  method  of  designation. 

Your  committee  therefore  propose   the  following  resolution: 

Resolved,  That  the  St.  Louis  Engineers'  Club  recommends  to  its  mem- 
bers and  urges  upon  all  persons  using  a  gauge  system  to  abandon  the  use 
of  arbitrary  gauges  and  to  give  the  actual  thicknesses  and  diameters  in  thou- 
sandths  of   the   inch. 

Resolved.  That  the  Secretary  of  the  club  be  instructed  to  send  copies  of 
this  resolution  to  the  secretaries  of  the  other  associated  societies,  request- 
ing them  to  concur,  and  to  the  secretary  of  the  American  Society  of  Mechan- 
ical  Engineers. 

In  view  of  the  fact  that  the  American   Society   of  Mechanical   Engineers 
will  send  out  copies  of  the  proposed  decimal   gauge,    this   committee   asks    to 
be  continued  to  enable  them  to  take  it   up  promptly  when  received. 
Very  respectfully  submitted, 

E.  D.  MEIER,  Chairman. 

J.    H.  KINEALY, 

W.  H.  BRYAN,  Committee. 

On  motion  of  Mr.  Crosby,  seconded  by  Mr.  Perkins,  the  resolution  pro- 
posed by  the  committee  was  adopted  and  the  committee  continued. 

On  motion  the  secretary  was  directed  to  cast  the  ballot  of  the  club 
for  Mr.  W.  A.  Layman,  as  librarian,    which  was  done. 

Prof.  W.  S.  Chaplin,  chancellor  Washington  University,  then  addressed 
the  club  on  the  subject  of  German  engineering  schools  and  engineering  edu- 
cation in  genei-al.  He  visited  Germany  in  the  summer  of  1894  and  took  occasion 
to  make  a  special  study  of  the  technical  high  schools  in  Berlin  and  Hanover. 
He  was  first  struck  with  the  size  and  magniflcence  of  the  buildings,  the  idea 
being  that  expenditures  of  this  character  would  impress  the  people  favora- 
bly, and  tend  to  make  the  schools  rank  favorably  in  comparison  with  the 
older  universities.  The  schools  were  provided  with  elaborate  collections  of 
models,  representing  all  sorts  of  machinery.  These  models,  however,  were 
not  used  by  the  students,  but  by  the  professors  only.  Chemistry  was  taught 
to  enginering  students  by  lectures  only.  No  students,  except  those  intend- 
ing to  be  chemists,  were  allowed  lo  handle  chemicals.  The  theses  were  ac- 
companied by  very  fine  drawings,  but  it  seemed  that  all  the  designs  and 
computations  were  made  by  the  professors,  the  student  simply  executing 
the  drawings  under  the  immediate  direction  of  the  professors.     It  was  nee- 
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essary  to  pass  two  important  examinations,  one  at  the  end  of  two  years 
and  the  other  at  the  end  of  four  years,  at  which  time  the  student  gradua- 
ted, and  took  the  State  examination.  It  was  necessary  to  pass  the  latter  if 
the  student  expected  to  follow  the  profession  and  find  employment. 

The  professors  in  the  technical  high  schools  were  looked  down  upon  by 
those  in  the  universities.  Engineers  were  considered  technical  and  not  sci- 
entific men.  In  a  recent  discussion  among  German  engineers  regarding  en- 
gineering education,  it  was  considered  that  a  ground  work  in  theory  was  ab- 
solutely essential,  but  it  was  necessary  also  that  the  student  be  taught  the 
application  of  the  theories  to  every  day  problems. 

German  engineering  students  put  in  from  forty-one  to  forty-four  hours 
per  week  at  school,  while  thirty-five  hours  is  considered  large  in  this  coun- 
try. Besides  this,  it  is  necessary  to  do  a  considerable  amount  of  home  work 
at  night. 

The  Professor  had  expected  to  learn  many  things  of  value,  but  was  dis- 
appointed. He  thought  that,  on  the  whole,  the  training  given  by  American 
engineering  schools  was  much  better  suited  to  American  conditions.  The 
technical  high  schools  are  entirely  distinct  from  the  universities.  There  are 
no  graduate  students.  Instruction  is  simply  by  lectures,  text  books  being 
used  only  in  mathematics.  The  standard  of  entrance  is  higher  than  in  our 
schools,  and  the  course  of  study  more  thorough,  but  the  field  covered  is  not 
as  wide  or  as  general.  The  schools  are  supported  almost  wholly  by  govern- 
ment grants,  the  fees  paid  forming  probably  not  to  exceed  10  per  cent, 
of  the  income. 

The  discussion  was  participated  in  by  Messrs.  Holman,  P.  X.  IMoore, 
Sterne,   Johnson,   Hermann,   Laird,  Kinealy,  Crosby  and  Bryan. 

Adjourned. 

WILLIAM  H.  BRYAN,  Secretary. 


Montana  Society  of  Civil  Eugiaeers. 

HELENA,  Mont.,  March  9,  1895.— The  regular  monthly  meeting  of  the 
Montana  Society  of  Civil  Engineers  was  held  on  Saturday  evening,  March  9, 
at  the  society's  rooms  in  the  Denver  block.  The  meeting  was  called  to  or- 
der by  President  Keerl,  the  following  members  being  present:  Messrs.  James 
S.  Keerl,  William  A.  Haven,  H.  C.  Relf.  A.  E.  Gumming,  A.  S.  Hovey  and 
Forrest  J.  Smith.  Several  visiting  engineers  and  F.  H.  Ray  were  also  pres- 
ent. 

The  applications  of  William  Monroe,  David  A.  Herron  and  James  M. 
Calderwood,  for  membership  in  the  society  were  read  and  approved,  and  the 
secretary  was  directed  to  send  out  a  letter  ballot  to  the  members  to  be  can- 
vassed at  the  next  regular  meeting.  The  secretary  then  read  a  memorial 
prepared  by  a  committee  of  the  society,  of  Col.  Walter  W.  de  Lacy,  late 
president  of  the  society,  a  pioneer,,  soldier  and  prominent  civil  engineer,  who 
was  known  and  loved  from  the  Mississippi  to  the  Pacific,  and  from  the  Brit- 
i.5h  possessions  to  the  city  of  Mexico.  The  memorial  entered 
into  the  details  of  the  colonel's  life,  from  the  date  of  his 
birth  in  Virginia  to  the  time  of  his  death  in  Helena  about  three 
years  ago.  It  was  a  most  interesting  paper,  giving  a  short  sketch  of  the 
many  adventures  of  this  most  remarkable  man  among  the  savages  of  the 
unexplored  west  of  early  days,  as  well  as  his  achievements  in  the  engineer- 
ing profession. 

Mr.  Ray,  who  has  been  most  untiring  in  his  efforts  to  secure  the  passage 
of  the  country  surveyor  and  road  law   bills  by  the  legislature,  then  reported 
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that  while  he  was  unable  to  secure  the  passage  of  those  bills  as  originally- 
drafted  by  the  society,  he  did  succeed  in  the  passage  of  House  Bill  No.  356 
and  a  substitute  for  House  Bill  No.  124;  that  hile  these  bills  left  much  to  be 
desired,  they  were  a  step  in  the  direction  of  securing  good  roads  without  ad- 
ditional expense,  and  that  by  carrying  on  a  "campaign  of  education"  we 
would  in  a  few  years  be  able  to  obtain  the  proper  legislation  to  put  the  loca- 
tion and  construction  of  our  highways  in  the  hands  of  men  trained  to  the 
work. 

A  vote  of  thanks  was  given  Mr.  Ray  for  his  work  done  in  the  interest  of 
"good  roads,"  and  he  was  invited  to  attend  the  meetings  of  the  society.  The 
secretary  was  also  directed  to  communicate  with  Senators  Folsom,  Steele  and 
Babcock;  Representatives  Shropshire,  Tallant,  Isdell,  Metcalf,  Gordon  and 
Craven,  and  Messrs.  Beach,  Muth  and  Wheaton, commissioners  of  Lewis  and 
Clarke  county,  and  express  the  thanks  of  the  society  to  them  for  the  inter- 
est they  took  in  the  reform  of  our  county  surveyor  and  road  laws,  and  for 
the  aid  they  gave  to  the  movement. 

J.  H.  Farmer  was  present,  with  a  paper  on  "Steam  Power  in  Relation  to 
Our  Mills  and  Manufactures,  Compared  with  Water  Power  by  Electrical 
Transmission,"  but,  as  it  was  quite  late,  it  was  decided  to  defer  the  read- 
ing of  this  paper  until  the  next  meeting,  when  it  is  hoped  that  there  will 
be  a  larger  attendance,  as  the  paper  deals  largely  with  the  proposed  Mis- 
souri River  dam  near  Stubbs  ferry  and  the  transmission  by  electricity  of 
power  to  this  city. 

A  letter  was  read  from  Surveyor  General  Straughan,  of  Idaho,  quoting 
the  recent  rulings  of  the  Secretary  of  the  Interior,  in  which  he  holds  that 
a  deputy  United  States  mineral  surveyor,  residing  in  one  State,  may  hold 
a  deputy's  commission  and  make  mineral  surveys  in  another  State,  thus 
reversing  the  ruling  of  the  commissioner  of  the  general   land  ofHce. 

The  meeting  then  adjourned. 

F.  J.  SMITH,  Secretary. 


/ 


LoDsitude    105 

/a       on  a 

^isC^  /7>- . 


MONT. 


I     ! V 1    MINN.^.,-^ 


V<;         ,.5\COAST  /  C9L0.  KANSAS  CITY^tCs-^ST.V-OOlS  ■; 


•"'ipiphi 


TEN':'- ^-= 

— I r-     \ 


CMISS.I    h^..    \     Gft 

I         ; 


ytr   Y   '''^-''^'^ 


-Ci-a  i'ej/  S  Poalet   Engi  »   A  K 


Association 

OF 

Engineering  Societies. 

Vol.  XIV.  APRIL,  1895.  No.  4. 


PROCEEDINGS. 


Montana  Society  of  Civil  Engineers. 

HELENA,  Mont..  April  1.3,  1895.— The  regular  monthly  meeting  of  the 
Montana  Society  of  Civil  Engineers  was  held  on  Saturday  evening,  April  13, 
at  the  society's  rooms,  in  the  Denver  Block.  The  meeting  was  called  to 
order  by  President  Keerl,  the  following  members  being  present:  Messrs. 
James  S.  Keerl,  William  A.  Haven,  H.  C.  Relf,  Harry  V.  Wheeler  and  For- 
rest J.  Smith.  Mr.  H.  L.  Cooper,  of  Minneapolis,  member  of  the  Western 
Society  of  Civil  Engineers,  and  Mr.  J.   H.   Farmer   were  also   present. 

Messrs.  Haven  and  Wheeler  were  appointed  tellers  to  canvass  the 
ballots  for  admission  to  membership,  and  upon  the  completion  of  the  count 
the  president  announced  that  Charles  A.  Molson.  James  M.  Calderwood, 
David  A.  Herron  and  William  Munroe  had  been  elected  members  of  the 
society. 

A  letter  bearing  date  of  March  14,  from  Walter  H.  Weed,  of  the  Geolog- 
ical Survey  at  Washington,  D.  C,  asking  the  society's  opinion  as  to  the 
most  important  area  in  Montana  in  which  to  prosecute  this  season's  work 
was  then  read.  The  secretary  stated  that  owing  to  the  fact  that  immedi- 
ate action  had  been  necessary,  and  as  the  matter  was  of  prime  importance 
to  the  mining  engineers  of  the  State,  he  had  referred  the  matter  to  the 
members  of  the  society  residing  in  Butte.  They  had  met  and  discussed 
the  subject  and  were  of  the  opinion  that  the  area  demanding  immediate 
attention  is  the  degree  square  included  between  the  113th  and  114th  meridi- 
ans, and  the  4Gth  and  47th  parallels  of  latitude,  which  covers  the  mines  of 
Granite,  Philipsburg,  Georgetown,  Cable,  Combination,  Sunrise,  Yreka, 
Royal  Beartown,  etc.  The  secretary  also  said  that  the  Helena  engineers 
were  of  the  opinion  that  the  most  important  area  is  that  section  which 
covers  the  mines  of  Basin,  Lump  Gulch,  Red  Mountain,  Marysville,  Jay 
Gould,  Elkhorn,  Radersburg,  St.  Louis,  etc.,  and  that  he  had  written  Mr. 
Weed,  laying  before  him  the  two  different  opinions  of  the  members,  and  that 
no  doubt  one  of  the  two  sections  would  be  selected  in  which  to  carry  on  the 
government  geological  work  this  season. 

Letters  were  read  from  Senator  Babcock  and  Representatives  Shrop- 
shire and  Craven,  expressing  their  appreciation    of    the    society's    efforts    to 
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obtain  legislation  favorable  to  the  improvement  of  our  public  highways,  and 
also  expressing  the  belief  that  in  the  near  future  legislators  would  realize  the 
great  importance  of  this  subject  and  grant  proper  legislation. 

Mr.  J.  H.  Farmer  then  read  a  paper  on  "Steam  Power  in  Relation  to 
Our  Mills  and  Manufactures,  Compared  with  "Water  Power  by  Electrical 
Transmission."  The  paper  was  most  interesting  and  gave  evidence  of 
thorough  research  and  careful  study  on  the  part  of  the  author,  who  is 
undoubtedly  thoroughly  familiar  with  the  subject.  It  entered  into  the 
details  of  construction  and  cost  of  building  a  dam  across  the  Missouri 
River,  near  Stubbs'  Ferry,  and  transmitting  the  power  by  electricity  to  this 
city.  It  also  developed  the  facts  that  the  cheapest  results  obtained  by 
recent  tests,  made  by  two  of  the  largest  plants  in  the  State,  of  the  cost  per 
horse  power  per  year  generated  by  steam,  was  $71.50;  while  Mr.  Farmer 
estimates  that  power  can  be  transmitted  from  the  dam  to  this  city  at  $16.78 
per  horse  power  per  year.  A  careful  estimate  shows  that  Helena  now 
uses  about  2000  horse  power,  and,  in  view  of  the  fact  that  this  would  be 
more  than  doubled  in  a  short  time  by  the  use  of  the  cheap  power  men- 
tioned above,  it  seems  strange  that  capitalists  should  hesitate  with  a  pro- 
ject which  promises  such  large  returns.  A  vote  of  thanks  was  given  Mr. 
Farmer  for  his  valuable  paper,  and  the  meeting  adjourned. 

FORREST  J.    SMITH,    Secretary. 


Civil  Engiiieei*s'  Society  of  St.  Paul. 

ST.  PAUL,  April  1,  1895. 

A  regular  meeting  of  the  Civil  Engineers'  Society  of  St.  Paul  was  held 
at  8.30  P.  M.,  thirteen  members  and  twelve  visitors  were  present.  In  the 
absence  of  the  presiding  officer  Mr.  A.  O.  Powell  was  called  to  the  chair. 
Following  the  reading  of  the  minutes  of  the  previous  meeting,  Mr.  C.  A. 
Winslow  was  elected  a  member  of  the  society. 

Mr.  George  L.  Wilson  then  read  a  brief  historical  sketch  of  the  Chicago 
Drainage  Canal,  and  illustrated,  by  lantern  views,  the  method  of  excavat- 
ing on  several  sections  of  the  work.  The  pictorial  display  elicited  many 
questions,  which  were  satisfactorily  met,  and  Mr.  Wilson  was  quite  gen- 
erally given  to  understand  that  his  work  was  thoroughly  appreciated.  Vice- 
President  Hilgard  appeared  in  time  to  close  the  meeting. 

C.  L.  ANNAN,  Secretary. 


Engineers"'  Club  of  St.  Louis. 

415th   Meeting.  -  April  3,  1895. 

The  club  was  called  to  order  at  1600  Lucas  Place,  at  8.30  P.  M.,  Pres- 
ident Russell  in  the  chair;  fifteen  members  and  six  visitors  present. 

The  minutes  of  the  414th  meeting  were  read  and  approved.  The  Exec- 
utive Committee  reported  the  doings  of  its  186th  meeting,  approving  the 
applications  for  membership  of  Joseph  Ramsey,  Jr.  and  George  B.  Leigh- 
ton.  They  were  balloted  for  and  elected.  An  application  for  member- 
ship was  announced  from  Thomas  Ashburnei-,  St.  Louis  agent  of  the  Bab- 
cock  &  Wilcox  Company. 

Professor  J.  H.  Kinealy  then  addressed  the  club  on  the  "Different  Meth- 
ods of  Determining  the  Heat  Value  of  Fuels."  Three  plans  are  in 
common     use:       The     Analytical,    Bertier   and    Calorimetric.      In    the   first 
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method  the  calorific  power  is  computed  from  the  chemical  con- 
stituents of  the  fuel,  they  having  first  been  determined  by  anal- 
ysis. This  process  was  open  to  the  criticism  that  the  heat  value  of  pure  car- 
bon had  been  shown  to  vary  as  much  as  3  per  cent.,  depending  upon  the 
condition  of  the  carbon.  This  computation  also  neglected  the  sulphur.  On 
the  whole,  however,  he  considered  this  plan  the  best  of  the  three. 

In  the  second  or  Bertier  method,  the  coal  was  burned  in  the  presence  of 
litharge,  the  heat  value  being  assumed  to  be  proportioned  to  the  amount  of 
oxygen  absorbed  from  the  litharge.  This  principle  has  been  shown,  how- 
ever, to  be  erroneous,  but  the  method  nevertheless  gives  good  comparative 
results. 

The  apparatus  used  in  the  third  method  is  usually  the  Thompson  calori- 
meter, in  which  the  coal  is  burned  in  such  a  way  as  to  give  up  its  heat  to 
a  surrounding  body  of  water  of  known  weight,  the  rise  in  temperature  of 
which  is  noted.  This  method  was  shown  to  have  a  considerable  error  de- 
pending upon  the  temperature  of  the  water  used  and  the  heat  absorbed  by 
the  apparatus  itself.  Its  accuracy  depends  upon  very  close  reading  of  ther- 
mometers. This  method  assumed  that  complete  combustion  of  the  coal 
occurred,  which  the  speaker  doubted.  This  possibility  he  proposed  to  in- 
vestigate further  by  analyzing  the  discharge  gases. 

Messrs.  Johnson,  Fish,  Moore  and  Bryan  took   part  in  the  discussion. 

Adjourned. 

WILLIAM  H.  BRYAN,   Secretary. 

416th  Meeting.  April  17,  1895. 

The  Club  was  called  to  order  at  8.15  P.  M.,  by  President  Russell,  at 
1600    Lucas    Place.      Eighteen    members  and  six  visitors  present. 

The  minutes  of  the  415th  meeting  were  read  and  approved.  The  Exec- 
utive Committee  reported  the  doings  of  its  187th  meeting,  approving  the 
application  for  membership  of  Mr.  Thomas  Ashburner.  He  was  balloted  for 
and  elected.  An  application  for  membership  was  announced  from  Mr.  H. 
A.  Wagner,  general  superintendent  of  the  Missouri  Electric  Light  and  Pow- 
er Company  and  Edison  Illuminating    Company. 

The  secretary  announced  the  receipt  of  a  number  of  valuable  publica- 
tions for  the  library. 

Professor  Johnson  then  introduced  Professor  Leonard  S.  Smith,  of  the 
University  of  Wisconsin,  Madison,  W"is.,  who  read  a  paper  on  "An  Experi- 
mental Study  of  Field  Methods  which  will  Insure  Greatly  Increased  Accu- 
racy to  Stadia  Measurements." 

The  Professor  had  had  occasion  to  make  an  exhaustive  study  of  stadia 
methods  and  the  effect  of  work  done  at  various  hours  of  the  day,  and  under 
varying  conditions  of  the  atmosphere.  Two  points  were  covered:  First,  a 
study  of  what  is  known  as  boiling  or  unsteadiness  of  the  air,  the  effect  of 
which  he  termed  differential  refraction;  second,  the  effect  of  this  refraction 
upon  the  accuracy  of  stadia  measurements. 

The  Professor  had  spent  considerable  time  on  this  work  in  connection 
with  the  international  boundary  survey  between  this  country  and  Mexico, 
and  his  experiments  were  continued  last  summer  at  Madison,  Wis.  His  re- 
searches, which  were  very  exhaustive,  and  made  with  the  greatest  care, 
enabled  him  to  formulate  some  general  suggestions  regarding  stadia  work, 
which,  if  followed,  would  enable  that  system  to  be  employed  satisfactorily 
on  work  requiring  a  greater  degree  of  accuracy  than  has  heretofore  been 
deemed  possible. 

In   the   discussion   which   followed,   participated    in    by    Messrs.    Holman, 
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Kinealy,  Johnson,  Ockerson,  Colby  and  Van  Ornum,  the  universal  opinion 
was  that  Professor  Smith's  work  was  of  great  value  to  the  profession,  as 
it  marked  a  decided  advancement  in  our  knowledge  of  stadia  work. 

On  motion  it  was  ordered  that  the  Club  extend  a  vote  of  thanks  to  Pro- 
fessor Smith  for  his  paper. 

Adjourned.  '  '       ■      ■     • 

WILLIAM  H.  BRYAN,   Secretary. 


Civil  Eiis^iueers'  Club  of  Cleveland. 


CLEVELAND,   O.,  April  9,  1S9.J. 

The  meeting  was  called  to  order  by  President  Mordecai  at  7.4.5  o'clock. 
There  were  present  thirty-seven  members  and  visitors.  Minutes  of  the  last 
meeting,  on  March  12,  were  read  and  approved. 

The  application  of  Mr.  Stephen  Balkwill  for  admission  to  the  Club  as 
associate  member  was  announced  as  approved  by  the  Executive  Board,  and 
the  following  committees   as  appointed  by  the  President: 

Program  Committee,  Prot.  C.  H.  Benjamin,  chairman;  Messrs.  John 
Richardson,  E.  S.  W.  Moore,  H.  Grey,  W.  Rice,  C.  S.  Howe  and  E.  A. 
Handy.  Finance  Committee,  Messrs.  C.  W.  Wason,  J.  C.  Wallace  and  W. 
Miller.  Library  Committee,  Messrs.  James  Ritchie,  J.  L.  Culley  and  F.  A. 
Coburn. 

A  letter  was  read  from  the  Electric  Club  extending  thanks  for  the  souve- 
nir engraving.  Letters  were  read  from  Professor  J.  B.  Johnson,  chairman 
of  the  Board  of  Managers  of  the  Association  of  Engineering  Societies,  and 
Mr.  John  C.  Trautwine,  Jr.,  secretary,  expressing  their  appreciation  of  our 
vote  or  thanks,  and  also  from  the  secretary,  making  suggestions  regarding 
advertisements  in  the  journal. 

Professor  Benjamin,  chairman  of  the  Program  Committee,  reported  prog- 
ress in  arranging  the  program  for  the  coming  year. 

It  was  moved  by  Mr.  William  H.  Searles  and  carried,  that  a  committee 
of  three  on  advertising  be  appointed  by  the  President. 

It  was  moved  by  Mr.  Walter  Miller  and  carried,  that  a  committee  of 
three  upon  new  quarters  be  appointed  by  the  President. 

Professor  Charles  S.  Howe  then  presented  his  paper:  "Solar  Attachments 
to  Transits,"  and,  in  the  absence  of  Mr.  John  B.  Davis,  Professor  Howe  con- 
tinued, describing  that  gentleman's  invention  of  a  "New  Solar  Instrument." 

Discussion  of  the  subject  was  engaged  in  by  Messrs.  W.  T.  Blunt,  Wil- 
liam H.  Searles,  C.  G.  Force,  J.  D.  Varney   and   B.    F.    Morse. 

The  President  announced,  as  Committee  on  Advertising,  Messrs.  W.  H. 
Searles,  James  Ritchie  and  C.  M.  Barber.  As  Committee  on  New  Quarters, 
Messrs.  W.  Miller,  A.  H.  Porter  and  J.  C.  Beardsley. 

The  meeting  adjourned  at  9.15  o'clock. 

F.    A.    COBURN,    Secretary. 


Technical  Society  of  the  Pacific  Coast. 

April  5,  1895.  Regular  meeting.  Called  to  order  at  S.30  P.  M.  by  Pres- 
ident Dickie. 

The  minutes  of  the  last  regular  meeting  were  read   and  approved. 

The  following  candidates  were  declared  duly  elected  to  membership  in 
the  society  after  a  count  of  the  ballots: 
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MEMBERS. 

Marion    Ij.    Cook,   of   Riverside,   Cal. 
Ernest  F.  Rossow,  of  Vallejo,  Cal. 
Albert  I.  Frye,  of  San  Francisco,  Cal. 

The  following-  names  were  proposed  and  referred  to  the  Executive  Com- 
mittee: 

FOR   MEMBERS. 

Walter  E.  Downs,  Civil  Engineer,  of  Sutter  Creek,  Cal.  Proposed  by 
Frank    Soule,    H.    E.    Clermont    Feusier  and  Otto  von  Geldern. 

Jno.  B.  Leonard,  Draughtsman,  of  San  Francisco.  Proposed  by  J.  H. 
Wallace,  G.   W.  Dickie  and  John  D.   Isaacs. 

Franklin  Riffle,  Civil  Engineer,  of  San  Francisco.  Proposed  by  D.  C. 
Henny,  Thos.  W.  Brooks  and  H.  C.  Behr. 

Mr.  John  D.  Isaacs,  of  the  Southern  Pacific  Company,  read  a  paper 
entitled  "Stopping  a  Troublesome  Slide  at  a  Summit  Tunnel,"  which  gave 
rise  to  an  interesting  discussion  in  which  many  of  the  members  partici- 
pated. Adjourned. 

OTTO  VON  GELDERN,   Secretary. 


Tlie  Secretary  announces  the  deatli,  on  April  21,  1895,  of  Mr.  George  Beardsley, 
of  Plicenix,  Arizona,  member  of  tiie  Society. 


Association  of  Engineers  of  Virginia,  Roanoke,  Va. 

March  28,  1895.— The  regular  informal  monthly  meeting  of  the  Associa- 
tion was  held  on  March  28th,  being  postponed  from  March  20,  on  account 
of  the  very  inclement  weather.  The  meeting  was  called  to  order  by  the 
president,  Mr.  J.  C.  Rawn.  An  invitation  to  the  Association  from  the  Engi- 
neers' Club  of  the  Va.  A.  and  M.  College  to  attend  the  lectures  of  Professor 
J.  H.  Gore,  of  Columbian  University,  on  Geodecy,  to  be  delivered  April  5th 
and  Gth,  was  read,  and  the  secretary  instructed  to  express  the  thanks  of 
the  Association.  A  communication  from  the  librarian  of  the  Ohio  State 
University  was  read,  asking  for  the  publications  of  the  Association  of  En- 
gineers of  Virginia.  The  secretary  was  instructed  to  send  what  had  al- 
ready been  published  and  to  state  that  hereafter  all  the  papers  of  the  Asso- 
ciation would  be  published  in  the  "Journal  of  the  Association  of  Engineer- 
ing Societies." 

A  communication  from  the  Engineers'  Club  of  St.  Louis  was  read  ask- 
ing that  this  Association  use  its  influence  in  bringing  into  general  use  the 
"Decimal  Gauge"  for  wire  and  sheet  metal  that  is  to  be  proposed  by  the 
American  Society  of  Mechanical  Engineers  and  the  American  Railway  Mas- 
ter  Mechanics'   Association. 

A  committee,  consisting  of  Messrs.  G.  R.  Henderson,  C.  S.  Churchill 
and  R.  H.  Soule,  was  appointed  to  draw  up  resolutions  expressing  the  views 
of  the  Association  in  this  matter  and   report. 

The  paper  for  the  evening,  "Cement  from  Furnace  Slag,"  was  called, 
and  a  very  complete  and  interesting  discussion  of  the  subject  was  given  by 
Mr.  Herman  Crueger.  The  chemical  analysis  of  the  various  kinds  of  cement 
was  given  and  along  with  it  the  analysis  of  the  various  furnace  slags  to 
be  had  in  this  section,  showing  clearly  that  it  would  be  an  easy  matter 
to  produce  good  cement  at  very  low  cost.  The  plan  for  a  factory  for  its 
production,  with  estimates  of  cost,  etc.,  were  also  given,  making  it  a  very 
interesting  and  instructive  meeting.  Paper  referred  to  Publication  Commit- 
tee. Meeting  adjourned.  JNO.  A.  PILCHER,  Secretary. 
*  Manuscript   received   May  4,    JS95.     Secretary  Ass'n  of  Eng.  Soc. 
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April  17,  1895. — The  regular  informal  monthly  meeting  of  the  Association 
was  called  to  order,  with  President  J.  C.  Rawn  in  the  chair  and  a  good  num- 
ber of  the  members  present. 

Professor  L.  S.  Randolph,  of  Blacksburg,  Va.,  read  a  very  interesting 
paper  on  "Engineering  Education,"  in  which  he  brought  out  the  distinctive 
features  in  the  methods  of  teaching  in  England,  in  Germany  and  in 
America.  The  weak  and  the  strong  points  of  the  different  systems  were 
brought  out  and  discussed  and  the  very  important  question  of  just  how 
far  the  student  in  one  bi-anch  of  the  profession  should  be  carried  into  the 
others  was  raised.  Also  the  question  of  how  much  time  should  be  given  to 
the  practical  and  how  much  to  the  theoretical  part  of  the  training. 

The  discussion  was  entered  into  by  a  good  number  of  those  present 
and  views  on  the  subject  were  expressed  by  those  who  had  seen  or  been 
under  the  different  plans  of  instruction.  The  varied  opinions  and  expe- 
riences of  those  who  had  seen  the  service  were  interesting  and  instruc- 
tive. 

The   paper  was   referred   to   the   Publication  Committee. 

Very    truly, 

Roanoke,    Va.  JNO.    A.    PILCHER,    Secretary. 


Boston  Society  of  Civil  Engineers. 

APRIL  1/,  1895 — A  regular  meeting  of  the  Society  was  held  at  its 
rooms,  36  Bromfield  street,  Boston,  at  7.50  o'clock  P.  M.  Sixty-flva 
members  and  visitors  were  present. 

President  Albert  F.  Noyes,  on  assuming  the  chair,  thanked  the  mem- 
bers for  the  honor  conferred  upon  him  in  his  election  to  the  presidency 
for  the  coming  year.  He  promised  the  society  his  best  efforts  to  advance 
its  work  and  solicited  the  earnest  co-operation  of  each  and  every  mem- 
ber. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  ap- 
pointed the  following  special   committees: 

On  Excursions— H.  B.  Wood,  H.  S.  French,  W.  B.  Fuller,  J.  W.  Rollins, 
Jr.,  and  I.  N.  Mollis. 

On  the  Library— F.  L.  Locke,  S.  E.  Tinkham,  H.  D.Woods,  F.  E.  Sher- 
ry and  M.  S.  Pope. 

On  Quarters — Thomas  Doane,  Desmond  FitzGerald,  E.  W.  Howe,  M. 
M.  Tidd  and  C.  F.  Allen. 

Members  of  the  Board  of  Managers — S.     E.     Tinkham,     J.     R.     Freeman, 
Henry  Manley   and  Fred.   Brooks. 

The  report  was  accepted. 

The  Committee  on  Weights  and  Measures,  which  had  been  given 
until  this  meeting  in  which  to  submit  its  annual  report,  not  having  pre- 
sented a  report,  on  motion  it  was  voted  to  refer  to  the  Board  of  Govern- 
ment, with  full  powers,  the  continuance  of  the  committee  and  the  appoint- 
ment of  the  members  thereof. 

The  Secretary  read  a  communication  from  the  Board  of  Directors  of 
the  American  Society  of  Civil  Engineers,  inviting  this  society  to  attend  the 
annual  convention  to  be  held  at  the  Hotel  Pemberton,  beginning  June 
18,  1895,  and  suggesting  that  it  would  be  pleased  to  have  the  Boston 
Society  co-operate  in  any  way  with  the  local  committee  of  arrange- 
ments. The  invitation  was  accepted,  with  the  thanks  of  the  Society,  by 
a   unanimous    vote. 
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It  was  further  voted,  that  a  committee  of  three,  to  represent  the 
Boston  Society  of  Civil  Engineers,  be  appointed  by  the  President  to  aid 
the  local  committee  of  the  American  Society  Civil  Engineers  in  its  work. 
Later  in  the  meeting,  the  President  named  as  the  members  of  the  com- 
mittee, Messrs.  Dexter  Brackett,  Fred.  Brooks  and  T.  Howard  Barnes. 

A  communication  was  read  from  the  Engineers'  Club,  of  St.  Louis, 
calling  attention  to  the  action  of  that  club  on  the  question  of  standard 
gauges  for  thickness  of  metals,  and  requesting  this  society  to  concur  in 
the  proposed  action.  It  was  voted  to  refer  the  communication  to  the 
Board  of  Government,  to  be  reported  upon  in  connection  with  the  com- 
munication on  the  same  subject  from  the  American  Society  of  Mechanical 
Engineers,  now  before  the  Board. 

On  motion  of  Mr.  Wood,  the  thanks  of  the  Society  were  voted  to 
Major  J.  W.  Reilly,  LT.  S.  A.,  for  courtesies  shown  our  members  on  the 
occasion   of  the   visit   to   the    Watertown  Arsenal  this  afternoon. 

The  president  announced  the  deaths  of  two  members  of  the  Society, 
John  H.  Webster,  who  died  on  April  2,  1S95,  and  Adelbert  L.  Sprague, 
who  died  April  12,  1895.  On  motion  the  President  was  requested  to  ap- 
point committees  to  prepare  memoirs,  and  the  following  appointments 
were  made:  On  memoir  of  Mr.  Webster,  Messrs.  J.  A.  Tilden  and  J.  R. 
Freeman;  on  memoir  of  Mr.  Sprague,  Messrs.  F.  O.  Whitney  and  F.  A. 
Foster. 

Mr.  Walton  I.  Aims,  C.  E.,  of  New  York,  was  then  introduced,  and 
read  a  paper  entitled  "Notes  on  the  Construction  of  the  East  River  Gas 
Tunnel." 

The  paper  gave  a  very  full  history  of  the  work,  and  was  illustrated  by 
a  large  number  of  lantern  views  showing  the  details  of  the  work. 

At  the  close  of  the  discussion  which  followed  the  reading  of  the  pa- 
per, on  motion  of  Mr.  FitzGerald,  the  thanks  of  the  Society  were  extended 
to   Mr.    Aims    for   his    very    interesting  and  valuabl  paper. 

On  motion  of  Mr.  Stearns  it  was  voted  to  hold  the  June  meeting  of  the 
Society  on  the  12th  of  that  month. 

Adjourned. 

S.    E.    TINKHAM. 

secretary. 


JSrad'.ey  i  Plates,  tiiyi's.  f/.f. 


Association 

(IF 

Engineering  Societies. 

Vol.  XIV.  MAY,  1895.  No.  5. 


PROCEEDINGS. 


Engineers'  Club  of  Minneapoli* 


November  19,  1894. — Regular  meeting  called  to  order  at  8  p.m.,  by  the  Presi- 
dent, F.  W.  Cappelen,  who  announced  the  death  of  Charles  F.  Chapman,  one  of 
the  early  members  of  the  Club. 

William  A.  Pike  stated  that,  as  Secretary  at  the  time,  he  could  vouch  for  his 
having  been  an  active  member  during  his  active  connection  with  the  Club,  and 
moved  that  a  committee  be  appointed  by  the  Chair  to  draw  up  suitable  resolutions. 
Carried.  The  Chair  appointed  as  such  committee,  W.  A.  Pike,  F.  C.  Deterly,  I. 
E.  Howe,  and  M.  W.  Hoffman. 

Letter  was  read  from  O.  Chanute,  C.E.,  transmitting  souvenir  and  medal  from 
French  Society,  as  a  recognition  of  the  treatment  their  delegates  to  the  World's 
Columbian  Exposition  had  received. 

W.  A.  Pike  reported  as  member  of  Board  of  Managers  of  Journal  of  As- 
sociated Engineering  Societies,  that  there  was  a  deficit,  and  several  plans  for  over- 
coming the  same,  and  asked  instructions. 

W,  A.  Hoag  moved  to  leave  the  matter  in  W.  A.  Pike's  hands,  and  that  the 
Club  will  sustain  his  action,  also  tiiat  the  opinion  of  the  Club  was  that  the  best  plan 
was  to  make  the  necessary  assessment  to  cover  deficit.     Carried. 

The  Committee  then  reported  the  following : 

Whereas  it  has  come  to  the  knowledge  of  this  meeting  that  Charles  F.  Chap- 
man has  been  called  away.     Therefore  we 

Resolve,  That  in  his  death  we  have  lost  a  most  able  and  trustworthy  engineer 
and  friend,  and  we,  as  engineers,  desire  to  express  to  his  family  our  sincere  regret 
for  his  loss,  and  our  deepest  sympathy  with  them. 

On  motion  the  report  and  resolutions  were  unanimously  adopted,  and  the  Secre- 
tary instructed  to  transmit  a  copy  to  the  family. 

On  motion  of  I.  E.  Howe,  F.  C.  Deterly,  I.  E.  Howe  and  M.  W.  Hoffman 
were  appointed  a  committee  to  represent  this  meeting  at  the  funeral,  and  were  em- 
powered to  procure  flowers. 

W.  R.  Hoag  then  read  a  paper  on  the  State  Topographical  Survey  of  Minne- 
sota. 

(75) 
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E.  E.  Woodtnan,  II.  C.  Stevens,  and  K.  E.  Hilgard,  of  the  St.  Panl  Society, 
were  present. 

Moved  that  a  committee  be  appointed  to  investigate  the  continuation  of  the 
State  Topographical  Survey,  consisting  of  F.  W.  Cappelen,  as  Chairman,  E.  T. 
Abbott,  and  W.  A.  Pike.     Carried. 

E.  E.  Woodman,  of  the  St.  Paul  Society,  stated  tliat  their  Society  would  at  their 
ne.^t  meeting  apjioint  a  committee  to  act  with  our  committee. 

On  motion  adjourned. 

Elbert  Nexsex,  Secrelanj. 


December  17,  1SD4. — Regular  meeting  held  at  the  Public  Library,  at  8  p.m., 
President  F.  W.  Cappelen  in  the  chair.  Minutes  of  Meetings  of  March  19th,  April 
16th,  May  21st,  June  18th,  July  16th,  August  20th,  September  7th,  and  November 
19th,  and  also  record  of  trip  of  Club  and  St.  Paul  Engineering  Society,  October  20th 
to  23d  to  Sault  Ste.  Marie,  were  read  and  ajjjjroved. 

Secretary  read  letter  from  Mrs.  Charles  F.  Chapman  thanking  the  Club  for  the 
resolution  and  (lowers  sent  at  the  time  of  her  husband's  death. 

F.  W.  Cappelen,  Wm.  A.  Pike  and  E.  T.  Abbott,  the  committee  appointed  at 
the  last  meeting  to  consider  the  subject  of  the  Topographical  Survey  of  Minnesota, 
reported. 

I.  E.  Howe  moved  the  report  be  adopted.     Carried. 

Moved  that  a  copy  of  the  report,  and  the  fact  of  its  adoption  by  the  Club,  be 

sent  by  the  Secretary  to  Hon.  John  S.  Pillsbury,  President  of  the  Board  of  Regents 

of  the  University  of  Minnesota,  to  our  United  States  Senators,  \V.  D.  Washburn,  and 

C.  K.  Davis,  and  to  our  United  States  Representatives  in  Congress,  J.  A.  Towney,  J. 

T.McCIeary,  O.  M.  Hall,  A.  R.  Kiefer,  Losen  Fletcher,  M.  R.  Baldwin,  H.  E.  Boen, 

and^the  Press  of  Minneapolis,  and  that  the  Secretary  notify  E.  E.  Woodman,  of  the 

Civil  Engineers'  Society  of  St.  Paul,  of  the  action  taken.     Carried. 

On  motion  adjourned. 

Elbert  Nexsen,  Secretary. 


January  21, 1895. — Tlie  annual  meeting  was  adjourned  to  February  4,  1S95, 
as  the  Secretary  and  Treasurer  had  been  suddenly  called  away  from  tiie  city. 

February  4,  1895. — .A.djourned  annual  meeting  held  at  the  Public  Library, 
at  8  o'clock,  tlie  President,  F.  W.  Cappelen,  in  the  chair. 

The  report  of  the  Treasurer,  showing  receipts  of  $115.00  during  the  past  year, 
and  expenditures  of  $119.27,  and  a  balance  of  $30.27  on  hand  to  meet  liabilities  of 
$90.50,  with  a.ssets  due  from  members  of  Club,  mostly  good  but  slow,  of  $75.50, 
and  recommending  that  the  assessment  for  1895  be  made  $5.00  for  each  member, 
payable  at  once,  was  read,  and  Carl  Ilstrup  appointed  auditor  to  audit  the  accounts. 

The  Secretary's  report  was  a  statement  of  what  the  Club  had  done  and  is  fully 
shown  in  the  minutes. 

These  reports  were  aocei)ted  and  ordered  jilaced  on  file. 

A  motion  making  the  assessment  for  current  expenses  for  1895,  five  dollars  ($5) 
per  member,  payal)le  at  once,  was  carried  unanimously.. 

The  election  of  officers  was  postponed  to  a  future  meeting. 

Mr.  Harry  W.  Jones  then  read  a  paper  embodying  his  views  upon  what  an 
architect  should  be,  and  this  was  discussed  by  Mr.  W.  A.  Pike,  F.  W.  Cappelen,  and 
A.  B.  Coe. 

W.  A.  Pike  offered  the  C'lul)  the  use  of  his  office,  rent  free,  No.  822  Guaranty 
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Loan  Building,  as  a  place  of  meeting,  and  on  motion  the  offer  was  accepted  with  the 
thanks  of  the  Club. 

Tlie  thanks  of  the  Cluh  were  extended  to  Mr.  Harry  W.  Jones  for  his  veiy 
interesting  paper,  and  a  co))y  of  tiie  same  requested. 

On  motion  adjourned.  Elbert  Nexsen,  Secretary. 

March  18, 1895. — A  regular  meeting  was  held  at  822  Guaranty  Loan  Build- 
ing at  S  o'clock  P.M.,  and  Wm.  A.  Pike  was  chosen  chairman. 

Minutes  of  previous  meetings  read  and  approved. 

Communications  as  follows  were  read  :  Invitations  from  Civil  Engineers'  Club 
of  Cleveland  toF.  W.  Cappelen,  as  President,  to  be  their  guest  at  their  Fifteenth 
Annual  Banquet  on  March  20th  ;  from  the  Boston  Society  of  Civil  Engineers  ex- 
tending alike  invitation  to  their  Thirteenth  Annual  Dinner  on  March  12ih  to  our 
Secretary. 

From  the  Secretary  of  the  Civil  Engineers'  Society  of  St.  Paul,  transmitting  a 
copy  of  resolutions,  correcting  a  statement  made  in  a  Preamble  lo  resolutions 
adopted  by  them  February,  1895,  on  the  subject  of  the  Ignited  States  Surveys,  and  as 
explanatory  of  this  communication,  the  correspondence  between  the  Presidents  of 
the  St.  Paul  Society  and  our  Clul). 

On  motion  of  Mr.  Howe  the  Secretary  was  directed  to  express  to  the  St.  Paul 
Society  the  fact  that  the  resolutions  as  transmitted  were  satisfactory  as  ])lacing  the 
facts  relative  to  the  drafting  and  adoption  of  the  resolutions  mentioned,  relative  to 
the  United  States  Surveys,  as  jointly  agreed  upon  by  the  committees  of  each  Society. 

The  final  report  of  the  Committee  on  Efflorescence  of  Brick  was  then  read  by  the 
Secretary,  and  discussed  by  Carl  Ilstrup,  L  E.  Howe,  and  the  Chair,  all  taking  ex- 
ception to  some  of  the  conclusions  reached  by  the  Committee,  because  the  speci- 
mens as  mounted  were  placed  flat  when  exposed,  with  backing  brick  below  and  face 
brick  above,  instead  of  vertically,  as  the  brick  would  be  built  in  a  wall — all  con- 
sidering this  arrangement  faulty.  On  motion  the  report  was  accepted,  and  ordered 
placed  on  file,  and  the  committee  discharged. 

W.  S.  Pardee's  bill  for  a  balance  of  |11.80  for  labor,  material,  etc.,  incurred  by 
the  Committee  on  Efflorescence  of  Brick,  was  presented  and  on  motion  of  W.  W. 
Redfield,  the  Secretary  was  directed  to  credit  the  same  on  account  of  W.  S.  Pardee's 
dues  to  the  Club. 

The  chairman  then  announced  the  next  business  as  the  election  of  officers  for 
1895. 

I.  E.  Howe  moved  that  the  election  be  post|)oned  after  a  general  discussion  in 
which  the  unanimous  sentiment  was  that  it  had  been  postponed  too  long  already. 
The  motion  was  lost. 

E.  H.  Loe  moved  that  the  Secretary  be  instructed  to  cast  the  ballot  of  the  Club 
for  F.  VV.  Cappelen  for  President.     Carried  unanimously. 

The  same  motion  by  Carl  Ilstrup,  carried  unanimously  for  I.  E.  Howe  for  Vice- 
President.  These  ballots  having  been  cast  by  the  Secretary  and  announced  by  the 
Chair,  a  motion  that  the  Vice-President-elect  cast  the  ballot  of  the  Club  for  Ell  ert 
Nexsen  for  Secretary  and  Treasurer,  and  A.  B.  Coe  for  Librarian,  and  Wm.  A.  Pike 
for  Member  of  the  Board  of  Managers  of  the  Association  of  Engineering  Societies, 
was  unanimously  adopted,  and  so  cast  by  him,  and  they  were  declared  duly  elected 
by  the  Chair  to  the  several  offices. 

The  naraeof  Pedar  Erlandsen  was  jiroposed  for  membership  by  Carl  Ilstrup, 
and  I.  E.  Howe. 

On  motion  adjourned.  Elbert  Nexsen,  Secretarij. 
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"Ensrineers'  Club  of  St.  Louis. 


417th  Meeting,  May  1,  1895. — President  Russell  called  the  Club  to  order  at 
1600  Lucas  Place,  at  8.25  p.m.  Eighteen  members  and  three  visitors  present.  The 
minutes  of  the  416tli  meeting  were  read  and  approved.  The  Executive  Committee 
reported  the  doings  of  its  188th  meeting,  announcing  the  approval  of  the  application 
for  membership  of  Mr.  H.  A.  Wagner,  general  superintendent  of  the  Missouri 
Electric  Light  and  Power  Company  and  Edison  Illuminating  Company.  He  was 
balloted  for  and  elected.  An  application  for  membership  was  announced  from  Mr. 
Fred  Schwedtmann. 

The  Secretary  read  a  circular  letter  from  the  Western  Society  of  Engineers  on 
the  subject  of  keeping  the  cost  of  the  Journal  down  to  !?3  00  per  annum  per  mem- 
ber. After  discussion  by  Messrs.  Moore,  Crosby,  Kinealy,  Winslow,  Wheeler, 
Ockerson,  Thacher  and  Bryan,  Mr.  Moore  oflered  a  resolution  to  the  efTect  that  it 
was  the  sense  of  this  Club  that  the  cost  of  the  Journal  be  limited  to  $3.00  per 
year  per  member,  and  that,  if  necessary  to  keep  the  cost  within  this  limit,  the 
"  Proceedings "  be  omitted.  This  motion  was  seconded  bj'  Mr.  Crosby  and 
adopted. 

Mr.  William  H.  Bryan  then  addres.sed  the  Club  informally  on  the  subject  of 
"  Boiler  Trials,"  the  objects  of  which  were  usually  the  determining  of  the 
efficiency,  capacity  or  smokelessness  of  the  plant.  He  explained  how  such  trials 
were  made,  the  apparatus  and  instruments  employed,  and  the  results  obtained,  pay- 
ing particular  attention  to  the  question  of  entrainment,  or  moisture  present  in  the 
steam.  He  showed  the  Barrus  and  Carpenter  Calorimeters  for  determining  the 
quality  of  the  steam,  and  explained  their  construction  and  use. 

He  gave  the  following  figures  as  the  result  of  a  large  number  of  investigations 
made  on  boilers  and  furnaces  in  and  near  St.  Louis,  burning  soft  coals: 

Average  efficiency  of  the  common  boiler  and  furnace,  51.35  per  cent.;  range, 
44.8  to  60.4  per  cent.  Water  tube  boilers  with  common  furnace,  60  to  70  per 
cent.  Best  form  of  improved  furnace,  under  ordinary  boilers,  58  to  69  per  cent.; 
under  water  tube  boilers,  70  to  75  per  cent. 

In  capacity,  the  maximum  evaporation  in  pounds  water  per  square  foot  surface 
per  hour  from  and  at  212  degrees,  was  as  follows : 

For  boilers  with  2.]-inch  tubes 4.17 

For  boilers  with  6-inch  tubes 7.81 

Flue  boilers 8.86 

Water  tube  boilers 7.26 

The  capacity  on  the  basis  of  percentage  of  work  done  above  the  normal  capaci- 
ties of  the  boilers  was  as  follows  : 

Boilers  with  2.j-inch  tubes 81  ])er  cent. 

Boilers  with  6-inch  tubes 113  per  cent. 

Boilers  with  large  flues 92  per  cent. 

Boilers  with  water  tubes 70  per  cent. 

In  smoke  performance  the  average  of  five  tests,  made  on  common  boilers  and 
furnaces,  was  44.7  per  cent. — the  range  being  from  11  per  cent,  to  75  per  cent.  The 
average  of  18  determinations  on  improved  furnaces  was  7.8 — the  range  being  from 
.300  to  40  per  cent.  Deducting  the  latter  abnormal  figure,  which  was  clearly  due 
to  inefficient  handling,  the  average  of  the  remaining  17  was  5.91. 
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Mr.  Brvan  then  gave  the  results  of  some  trials  recently  made  on  the  boilers  of 
the  St.  Louis  &  Suburban  Railway.  The  boilers  were  of  the  ordinary  horizontal 
type,  with  6-inch  flues.  The  first  trial  was  made  on  boilers  set  with  the  Hawley 
furnace,  the  result  in  efficiency  being  57.75  per  cent.,  and  the  cost  of  evaporating 
1,000  pounds  of  water,  12.2  cents,  with  Mount  Olive  lump  coal,  costing  $1.50  per 
ton  of  2,000  pounds. 

The  second  test  was  made  on  similar  boilers  with  the  ordinary  furnace,  the 
result  being  4S.S3  per  cent.,  and  14.1  cents,  respectively. 

The  third  test  was  made  on  the  same  boilers  burning  slack  coal  costing  5^1.10, 
with  results  of  47.98  per  cent.,  and  11.5  cents. 

The  fourth  run  was  made  with  lump  coal,  with  an  automatic  steam  jet  smoke 
abater  attached,  the  result  being  50.70  per  cent,  and  13.8  cents.  Same  results,  cor- 
rected for  steam  used  for  jets,  were  49.16  per  cent,  and  14.3  cents. 

The  steam  used  for  the  jets  was  supplied  by  an  independent  8-horse  power 
boiler,  which  was  tested  at  the  same  time,  giving  results  of  34.62  per  cent,  and  21.3 
cents. 

These  figures  indicate  that  no  economy  in  fuel  resulted  from  the  use  of  the 
apparatus,  but,  on  the  other  hand,  it  occasioned  no  loss.  Some  careful  tests  made 
by  others  indicate  a  fuel  economy  of  from  5  to  10  per  cent,  under  the  best  condi- 
tions, but  Mr.  Bryan  was  of  the  ojiinion  that  the  ordinary  non-automatic  steam  jets 
have  usually  increased  the  fuel  bills. 

Discussion  followed  by  Messrs.  Kinealy,  Ockerson,  Winslow,  Laird  and 
Wheeler. 

Adjourned.  William  H.  Bryan,  Secretanj. 


418th  Meeting,  May  15,  1S95. — President  Russell  called  the  Club  to  order  at 
1600  Lucas  Place  at  8.20  p.m.     Twenty  members  and  ten  visitors  present. 

The  minutes  of  the  417th  meeting  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  189th  and  190th  meetings. 

The  Secretary  read  an  informal  progress  report  of  the  Committee  on  Standard 
Gauges  for  Thickness,  showing  that  the  movement  for  a  decimal  system  was  receiv- 
ing widespread  consideration  and  approval.  The  Secretary  also  read  a  letter  from 
the  Chairman  of  the  Board  of  Managers  of  the  Associated  Engineering  Societies, 
stating  that  immediate  steps  would  be  taken  to  make  such  changes  as  were  neces- 
sary to  keep  the  cost  of  the  Jouknal  within  $3.00  per  member  per  year. 

Mr.  M.  A.  Howe,  Professor  of  Civil  Engineering,  Rose  Polytechnic  Institute, 
Terre  Haute,  Ind.,  then  addressed  the  Club  on  the  subject  of  "  Recording  Bridge 
Deflections."  He  described  in  detail  a  series  of  experiments  made  by  himself  and 
classes  of  students  in  1892  and  1894,  the  primary  object  being  the  collection  of  data 
for  the  students'  theses.  Very  complete  measuring  and  recording  apparatus  Iiad 
been  devised  to  determine  the  effect  of  moving  and  stationary  loads  on  pin  con- 
nected bridges,  in  vertical,  lateral  and  longitudinal  deflections,  these  three  being 
recorded  independently. 

The  Professor  was  of  the  opinion  that  the  vibrations  were  much  less  than  had 
been  heretofore  assumed.  In  several  cases  he  had  computed  the  deflections  from 
approved  formulae  and  had  found  the  result  considerably  more  than  that  actually 
observed.  In  the  particular  cases  considered,  he  believed  this  due  to  the  fact  that 
the  top  and  bottom  chords  were  practically  continuous  girders,  and  therefore  carried 
a  large  proportion  of  the  strain. 
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The  discussion  was  participated  in  by  Messrs.  Crosby,  Jolinson,  Ockerson, 
Moore,  Baler  and  Sterne. 

It  was  stated  tliat  the  counterbalancing  of  locomotive  drivers  had  been  very 
much  overdone,  and  that  the  best  practice  nowadays  was  to  reduce  it  materially. 

On  motion  of  Professor  Johnson,  a  vote  of  thanks  was  tendered  Professor  Howe 
for  presenting  his  paper  in  jierson. 

Adjourned.  William  H.  Bryan,  Secretary. 


Technical  Society  of  tlie  Pacific  Coast. 


Regular  meeting  held  May  3,  1895.  Called  to  order  by  President  Dickie. 
The  minutes  of  the  last  regular  meeting  were  read  and  approved.  After  regular 
ballot  the  following  gentlemen  were  declared  duly  elected  members  of  the  Society: 
Walter  E.  Downs,  Civil  Engineer  ;  Joiin  B.  Leonard,  Civil  Engineer  ;  Franklin 
Riffle,  Civil  Engineer. 

Mr.  John  B.  Leonard  thereupon  read  a  paper  entitled  "Reconstruction  of  the 
Ferry  Transfer  Aprons  at  Port  Costa  and  Benicia,"'  after  which  a  full  discussion  of 
the  subject  was  entered  upon.     Adjourned. 

Otto  Von  Geldern,  Secrckiry. 


Civil  Engineers*'  Society  of  St.  Paul. 


St.  Paul,  Mixn.,  May'  6,  1895. — A  regular  meeting  of  the  Civil  Engineers' 
Society  of  .St.  Paul  was  held  at  8.15  p.m.  Fifteen  members  and  five  visitors  were 
in  attendance,  President  Stevens  presiding.  Minutes  of  previous  meeting  were 
read  and  approved.  A  circular  letter  from  the  Board  of  Directors  of  the  Western 
Society  of  Engineers,  relating  to  the  prospective  cost  of  publication  of  the  Journal 
of  the  Association  was  referred  to  Representative  Woodman  with  power  to  act.  As 
a  matter  of  suggestion  votes  were  taken  to  determine  the  sense  of  the  meeting  on 
two  points  only,  with  the  following  result:  (1)  Should  it  become  necessary  to  dis- 
continue any  one  department  of  the  Journal,  the  "Proceedings"  should  be 
dropped.  (2)  The  "  Index  to  Current  Literature"  should  remain  a  feature  of  the 
Journal  at  all  events. 

The  following  report  of  the  Committee  on  Standard  Wire  Gauges  was  read  and 
accepted.  Mr.  J.  D.  Estabrook  then  read  a  description  of  the  new  steam  plant  at 
the  Washburn  Flour  Mills  in  Minneapolis,  and  Mr.  William  A.  Pike  described  a 
test  of  its  main  feature,  the  Schichau  Engine. 

The  discussion  was  somewhat  extended  over  foaming  glass  and  sandwich  at  the 
Cafe  Neuman. 

C.  L.  Annan,  Secretary. 


St.  Paul,  Minn.,  May  6,  1895. 

President  of  the  Civil  Engineers'  Socictii,St.  Paul,  Minn.: 

Dear  Sir. — The  committee  appointed  to  investigate  standard  gauges  by 
request  of  the  American  Society  of  Mechanical  Engineers  begs  leave  to  make  the 
following  report : 

Your  committee  are  unanimously  of  the  opinion  that  the  gauges  now  in  use, 
of  wliicli  there  are  about  forty  (40),  are  in  a  state  of  confusion,  and  one  of  the  most 
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serious  matters  in  connection  with  the  present  system  is  the  uncertainty  of  ordering 
material  to  a  standard  gauge,  and  also  the  gauge  number  as  now  used  conveys  no 
idea  as  to  tiie  thickness  of  the  plate  or  wire  designated.  We  would,  therefore, 
recommend  the  use  of  a  standard  gauge,  using  as  a  basis  the  one-thousandth  of  an 
inch. 

We  do  not  believe  tliat  the  French  system  of  measurement  has  made  any 
material  progress  among  the  raanufacturei's  and  mechanics  of  the  United  States, 
and  therefore  do  not  believe  it  would  be  advisable  to  undertake  to  measure  with  the 
French  system  as  a  gauge  basis. 

Your  committee,  therefore,  proposes  the  following  resolutions  : 
Resolved,  That  the  Civil  Engineers'  Society  of  St.  Paul  recommends   to  its 
members,  and  to  manufacturers  using  a  gauge  system,  to  abandon  the  old  arbitrary 
gauges  now  in  use  and  give  the  actual   thickness  and  diameters  in  thousandths  of 
the  inch. 

Eesolved,  That  the  Secretary  of  the  Club  be  instructed  to  send  copy  of  this 
rej)ort  to  the  Secretary  of  the  American  Society  of  Mechanical  Engineers,  indors- 
ing their  report  in  reference  to  gauges. 

Respectfully, 

Oliver  Crosby,  Chairman. 

Tracy  Lyon. 

a.  h.  hogeland. 

Max  Toltz. 

W.  C.  Merryman. 


At  a  special  meeting  of  the  Civil  Engineers'  Society  of  St.  Paul,  held  May 
30,  1895,  the  following  resolution  was  passed  : 

Whereas,  the  Civil  Engineers'  Society  of  St.  Paul,  after  examining  the  maps  and 
works  of  the  United  States  Geological  Survey,  and  approving  of  the  metiiods  and 
work  heretofore  done  in  this  vicinity,  is  desirous  that  the  same  should  be  continued. 
Therefore, 

Resolved,  That  as  said  work  is  of  great  economic  value  to  the  Twin  Cities,  we  do 
hereby  request  Senator  Davis  to  urge  the  continuation  of  the  work  in  the  territory 
contiguous  to  the  Twin  Cities  and  the  publication  of  maps  of  the  same. 

C.  L.  Annan,  Secretary. 


Montana  Society  of  Civil  Engineers. 


May  13,  IS^o. — The  regular  monthly  meeting  of  the  Montana  Society  of  Civil 
Engineers  was  held  at  the  Secretary's  rooms  in  the  Denver  block  on  Broadway. 
President  Keerl  called  the  meeting  to  order,  the  following  members  being  present  : 
Messrs.  Keerl,  Haven,  Bayliss,  Henley,  Kelley  and  Smith.  The  application  of 
Frederick  J.  Taylor  for  membership  to  the  society  was  read  and  approved  and  the 
Secretary  was  instructed  to  prepare  a  letter  ballot  and  send  it  to  the  members,  to  be 
canvassed  at  the  next  regular  meeting. 

A  committee  consisting  of  A.  E.  Gumming  and  H.  V.  Wheeler  was  apjiointed 
to  prepare  new  forms  of  "  quartz  locations  "  and  "  water  rights  "  to  conform  to  the 
new  law  passed  by  the  last  legislature.  This  committee  will  report  at  the  meeting 
to  be  held  June  8,  and  as  the  new  law  does  not  go  into  effect  until  July  1,  it  is  the 
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hope  of  the  society  that  the  jirintcrs  generally  will  adopt  these  new  forms  and  thus 
secure  uniformity  throughout  the  State. 

The  Secretary  read  a  letter  from  the  Board  of  Directors  of  the  Western  Society 
of  Engineers,  of  Chicago,  in  reference  to  the  cost  of  publishing  the  Journal  of 
THK  Association'  of  P]ngineering  Societies.  A  committee  consisting  of  W.  A. 
Haven  and  C.  W.  Goodale  was  appointed  to  investigate  the  matter  thoroughly  and 
report  at  the  next  regular  meeting. 

Forrest  J.  Smith,  Secretary. 

Tlie  Civil  Ens»ineers'  Club  of  Cleveland. 


May  14,  1895. — Notwithstanding  a  severe  storm,  members  of  the  Club  and 
visitors  to  the  number  of  twenty  met  at  Case  Library  in  the  afternoon,  visited  Case 
School  of  Applied  Science  and  united  with  others  in  an  inspection  of  that  enterpris-  ■ 
ing,  modern  college. 

The  complete  facilities  for  study  and  investigation  there  shown  and  the  thor- 
ough methods  of  teaching,  were  examined  and  appreciated. 

The  party,  numbering  thirty,  took  supper  at  the  Forest  City  House,  after  which 
they  adjourned  to  the  rooms  of  the  Club  at  Case  Library. 

The  meeting  was  called  to  order  at  7.45  p.m.  by  President  Mordecai.  There 
were  present  93  members  and  visitors.  The  Club  dispensed  with  the  reading  of  the 
minutes.  Messrs.  Herman,  Thompson  and  Constant  were  a])pointed  tellers  to  can- 
vass ballots. 

Keports  were  given  by  the  Executive  Committee  and  the  Committee  on  Adver- 
tising and  tlie  comj)lete  program  for  the  meetings  for  the  year,  as  prepared  by 
the  Program  Counnittee,  was  read  ;  after  which  the  Club  listened  to  the  paper  of 
the  evening  by  Dr.  Dayton  C.  Miller. 

The  object  of  the  lecture  was  to  explain  polarized  light  in  a  simple  and  concise 
manner.  The  elementary  phenomena  of  light  were  briefly  treated.  Polarized  light, 
its  production  and  detection,  were  described.  The  beautiful  color  phenomena, 
resulting  from  the  action  of  thin  plates  of  doubly  refracting  substances  upon  the 
polarized  light,  showing  designs  in  complementary  colors,  and  the  ring  system  of 
crystals,  were  exi)lained  and  exhibited.  Brief  mention  was  made  of  the  application 
of  polarized  light  in  the  arts.  The  lecture  was  beautifully  illustrated  by  means  of 
an  arc  light  ]irojection  i)olariscope. 

This  interesting  lecture  and  beautiful  exhibition  were  enthusiastically  received 
by  the  unusually  large  audience. 

The  tellers  reported  the  election  of  Mr.  Stephen  Balkwill  to  associate  member- 
ship, and  at  10  P.Jr.  the  meeting  adjourned, 

A  pleasant  innovation  at  this  evening's  meeting  was  the  jiresence  of  ladies, 
some  of  whom  had  attended  the  excursion  of  the  afternoon  and  the  supper  after- 
ward. 

The  gentlemen  enjoyed  their  i)resence.     May  they  be  with  us  often. 

Forrest  A.  Coburn,  Secretary. 

Boston  Society  of  Civil  Eng"ineei*s. 


May  15,  1895. — A  regular  meeting  of  the  Society  was  held  at  its  rooms,  36 
Bromfield  Street,  Boston,  at  7.45  o'clock,  p.m.,  President  Albert  F.  Noyes  in  the 
chair.     Seventy-eight  members  and  visitors  present. 
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The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Arthur  A.  Fobes,  Philip  Marquand,  Walter  W.  Patch,  and  Hartley  L. 
White,  were  elected  members  of  the  Society. 

The  Secretary  reported  for  the  Boartl  of  Government  that  it  had  voted  to  con- 
tinue the  Committee  on  Weights  and  Measures  with  the  following  membership  : 
Ciiarles  T.  Main,  Allen  Hazen  and  Dwight  Porter.  The  Board  also  recommended 
that  the  communications  in  relation  to  a  standard  of  thickness  for  metals,  from  the 
American  Society  of  Mechanical  Engineers,  and  from  the  Engineers'  Club  of  St. 
Louis,  be  referred  to  the  Committee  on  Weights  and  Measures  for  its  consideration 
and  that  the  Committee  be  requested  to  report  to  the  Society  what  action  it  deemed 
advisable.     On  motion  the  recommendation  of  the  Board  was  adopted. 

The  Secretary  read  a  circular  letter  from  the  Board  of  Direction  of  the  Western 
Society  of  Engineers  addressed  to  the  several  societies,  members  of  the  Association 
of  Engineering  Societies,  relating  to  the  cost  of  the  Journal.  On  motion  it  was 
voted  to  refer  the  letter  to  the  members  of  the  Board  of  Managers  representing  the 
Boston  Society  for  answer. 

The  Secretary  read  a  letter  from  the  C'ommittee  of  the  American  Society  of 
Mechanical  Engineers  on  Standard  Thicknesses  for  Gauges,  transmitting  a  blue 
print  showing  proposed  decimal  gauge.  The  communication  was  referred  to  the 
Committee  on  Weights  and  Measures. 

A  letter  was  read  from  Mr.  E.  L.  Corthell,  a  member  of  the  Society,  enclosing 
a  report  of  the  Mexican  Association  of  Engineers  and  Architects,  in  relation  to  the 
formation  of  an  International  Institute  of  Engineers  and  Architects.  The  letter 
and  report  were  referred  to  the  Board  of  Government. 

On  motion  of  Mr.  Brooks,  it  was  voted  to  appropriate  the  sum  of  $225.06  for 
the  payment  of  the  special  assessment  for  1894,  of  the  Association  of  Engineering 
Societies  as  per  bill  dated  April  22,  1895. 

Mr.  J.  Parker  Snow  then  read  a  paper  entitled  "  Wooden  Bridge  Construction 
on  the  Boston  &  Maine  Eailroad."  The  paper  was  discussed  by  Messrs  Guppy  and 
Eice. 

Mr.  R.  S.  Hale  followed   with  a  paper  entitled  "Approximate  Analysis  of  the 

use  of  Coal  in  an  Edison  Electric  Station  of  the  Type  Standard  About  1890,'"  which 

was  discussed  in  a  short  paper  by  Mr.  George  H.  Barrus,  read  by  the  Secretary. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Bradley  4  Poates,  Lngr  •<   ->  >. 
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Tlie  Civil  Engineers''  Club  of  Cleveland. 


Case  Library  Building,  Clkvflaxd,  Ohio,  May  11,  lS9o. — The  regular 
meeting  of  the  Civil  Engineers'  Chib,  Tuesday  evening,  June  11,  1895,  was  called 
to  order  by  President  Mordecai.  Tliere  were  present  thirtj'-two  members  and  visi- 
tors. The  minutes  of  the  last  meeting  were  read  and  approved.  The  application 
for  admission  as  active  member  by  Richard  Hoffman,  C.E.,  was  read. 

President  Mordecai  announced  the  death  of  a  former  member  of  the  Society 
Mr.  A.  M.  Wellington.  Mr.  James  Ritchie  moved  that  a  committee  of  three  be 
appointed  to  draw  up  proper  resolutions  in  regard  to  his  death.  Mr.  Thompson 
spoke  feelingly  in  regard  to  Mr.  Wellington,  and  the  motion  was  carried. 

It  was  moved  by  Mr.  Culley  and  carried  that  a  committee  of  seven  be  appointed 
to  arrange  for  a  picnic. 

The  Club  then  listened  to  the  paper  of  the  evening  by  Mr.  Frank  Aborn,  en- 
titled, "Some  Facts  Concerning  Drawing  for  Engineers." 

Mr.  Aborn  spoke  of  drawing,  as  a  natural  language,  a  method  of  expression. 
He  compared  dimension  and  pictorial  drawing  ;  sliowed  the  value  of  the  lattei',  and 
the  obstacles  to  its  acquisition,  and  that  skill  is  to  be  acquired  by  intelligentlv 
directed  effort  in  freehand  drawing. 

It  was  a  very  interesting  pai)er.  The  practical  importance  of  this  increasing 
and  valuable  means  of  communicating  ideas,  and  the  simple  method  of  acquiring 
skill  by  freehand  practice,  were  illustrated  in  a  clear,  practical  manner. 

Remarks  were  offered  by  Messrs.  Benjamin,  Herman,  Culley,  and  others,  after 
which  the  President  appointed,  as  committee  upon  resolutions  upon  the  death  of 
Mr.  Wellington,  Messrs.  Thompson,  Ritchie  and  Searles. 

As  Committee  on  Picnic,  Messrs.  Gobielle,  Culley,  Warner,  Jewett,  Miller, 
Thompson  and  Beardsley. 

The  meeting  adjourned. 

F.  A.  CoBURN,  Secretary. 

Engineers'  Clnb  of  St.  Eoni.s. 


419th  Meeting,  June  .5,  189.5.— The  Club  was  called  to  order  by  President 
Russell  at  8.2'>  p.m.,  at  1600  Lucas  Place.  Eighteen  members  and  live  visitors 
present. 

(80) 
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The  minutes  of  tlie  41Stli  meeting  were  read  and  approved.  Tiie  Executive 
Committee  reported  the  doings  of  its  191st  meeting,  announcing  tiiat  arrangements 
had  been  made  for  a  meeting  of  the  Club  on  June  19th,  on  which  date  Mr.  H.  A. 
Wheeler  will  present  a  paper  on  "  Vitrified  Brick  for  Street  Paving." 

Applications  for  membership  were  announced  as  follows:  Clinton  Kimball, 
assistant  engineer.  Bell  Telephone  Company,  of  Missouri  ;  John  J.  Lichter,  Jr., 
engineer  Union  Depot  Railway  Company;  H.  II.  Sykes,  chief  engineer,  Bell  Tele- 
phone Coni|)any,  of  Missouri. 

Mr.  Bryan  stated  that  u  meeting  of  the  local  membership  of  the  American 
Society  of  Mechanical  Engineers  had  been  held,  the  unanimous  sentiment  of  which 
was,  that  arrangements  be  made  to  invite  the  Association  to  hold  its  Spring  meeting 
of  1896  in  St.  Louis,  and  it  was  thought  that  the  movement  would  be  strengthened 
by  being  indorsed  by  the  Engineers'  Club  of  St.  Louis.  On  motion  of  Mr.  Moore, 
it  was  ordered  that  the  Executive  Committee  extend,  on  behalf  of  the  Engineers' 
Club  of  St.  Louis,  an  invitation  to  the  American  Society  of  Mechanical  Engineers, 
to  hold  their  Spring  meeting  of  1896  in  St.  Louis. 

President  Russell  stated  that  the  settling  basins  at  the  Chain  of  Rocks  would 
soon  be  cleaned,  and  invited  the  Club  to  visit  the  works.  Mr.  Holman  extended 
a  formal  invitation  to  the  Club  to  visit  the  works  on  the  afternoon  of  Saturday,  15th 
inst.  Mr.  Crosby  stated  that  he  would  make  arrangements  for  the  transportation  of 
the  Club.  Ordered  that  the  invitations  be  accepted,  and  that  the  Executive  Com- 
mittee complete  the  necessary  arrangements. 

Mr.  Edward  Flad  then  addressed  the  Club  on  the  subject  of  standpipes,  mak- 
ing special  reference  to  a  tower  designed  by  him  and  just  completed  at  St.  Charles, 
Mo.  Its  dimensions  were  25'  in  diameter  by  70'  high  ;  capacity  250,000  gallons. 
It  was  encased  in  brickwork  tied  to  the  tower  itself.  The  standpijje  was  stiffened 
by  six  circular  girders,  the  object  of  which  was  to  maintain  the  circular  shape  of 
the  tower,  so  as  to  afford  maximum  strength  to  resist  wind  pressure.  These  girders 
were  on  the  outside  of  the  tank,  occupying  the  space  of  2'  between  the  tower  itself, 
and  the  casing.  A  stairway  was  also  placed  in  this  space.  The  standpipe  was 
covered  by  a  roof  of  iron  and  slate.  Due  attention  had  been  given  to  architectural 
features.  The  cost  of  the  stand-pipe  was :  for  iron  work,  $4,450;  brick  work, 
$2,807  ;  foundation,  |677,  total  $7,934.  Mr.  Flad  also  showed  a  tower  designed  by 
him  for  Laredo,  Texas.  He  showed  stereopticon  views  of  the  St.  Charles,  Laredo, 
and  other  towers  of  recent  design,  as  well  as  a  number  of  towers  which  had  failed. 
Messrs.  Johnson,  Ilolman,  Baier,  Bryan,  Gayler,  Moore,  and  Crosby,  took 
part  in  the  discussion.     Adjourned. 

William  H.   Bryax,  Secretary. 


420th  Meeting,  June  19,  1895.— The  Club  was  called  to  order  at  8.30  p.m., 
by  Vice-President  Ockerson,  at  1600  Lucas  Place,  seventeen  members  and  nine 
visitors  present.  The  minutes  of  the  419th  meeting  were  read  and  approved,  as  also 
a  brief  record  of  the  excursion  of  15th  inst.  The  Executive  Committee  reported 
favorably  on  the  applications  for  membership  of  Messrs.  Clinton  Kimball,  J.  J. 
Lichter,  Jr.,  and  II.  II.  Sykes.     They  were  balloted  for  and  elected. 

On  motion  of  Mr.  Hermann,  votes  of  thanks  were  unanimously  tendered  to 
Messrs.  W.  C.  Brown  and  B.  L.  Crosby,  of  the  Burlington  System  and  to  Water 
Commissioner  Holman  for  courtesies  extended  in  connection  with  the  excursion  to 
Chain  of  Rocks  and  Bellefontaine  Bridge  on  15th  inst. 

Mr.  II.  A.  Wheeler  then  addressed  the  Club  on  the  subject  of  "  Vitrified  Brick 
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for  Street  Paving."  This  material  had  been  used  in  Holland  for  over  a  century, 
and  in  the  North  of  England  for  a  slightly  shorter  period.  In  Charleston,  West 
Virginia,  it  had  been  in  use  for  twenty-five  years,  and  in  Bloomington,  Illinois,  for 
twenty  years,  since  which  time  its  use  lias  greatly  increased,  it  now  being  employed 
in  some  four  hundred  cities  and  towns  in  tliLs  country.  This  year  marks  its  adop- 
tion in  the  larger  and  more  conservative  cities  of  St.  Louis,  Chicago  and  New  York. 
Mr.  Wheeler  gave  a  definition  of  the  term  "vitrified"  brick,  and  explained  the 
process  of  manufacture,  the  material  used,  and  exhibited  numerous  samples.  The 
clays  employed  were:  the  superficial,  or  common  earth  ;  the  shales;  and  the  impure 
fire  clays.  The  first  is  so  difficult  of  treatment  that  its  use  is  now  rare.  The  shales 
furnish  the  best  and  most  commonly  used  material.  The  fire  clays,  however,  were 
frequently  employed  satisfactorily.  A  necessity  of  prime  importance  is  slow  cooling 
of  the  kilns.  It  is  now  quite  possible  to  secure  a  paving  brick  of  high  grade,  pro- 
viding engineers  will  insist  upon  quality,  and  pay  a  price  which  will  warrant  greater 
care  in  every  detail  of  manufacture,  and  more  time  in  cooling.  Laboratory  tests  are 
frequently  misleading.  Satisfactory  inspection  can  be  made  at  the  yard  by  an 
experienced  man  simply  by  the  eye  and  the  hammer,  Te^ts  made  in  the  laboratory 
overed  the  crushing,  crossbreaking,  absorption,  and  the  tumbling  of  brick  in  a 
foundry  rattler.  Mr.  Wheeler  suggested  that  it  would  be  well  to  add  tests  of  dens- 
ity and  hardness.  The  uses  of  these  brick  were  for  foundations,  sewers  and  street 
paving,  for  which  latter  place  the  speaker  believed  them  to  possess  important  advan- 
tages over  all  other  material,  being  harder  tlian  granite.  The  use  of  vitrified  brick 
for  streets  and  sewers  would  permit  the  cleaning  of  the  streets  by  the  hydraulic 
system. 

The  discussion  was  participated  in  by   Messrs.   Kinealy,   Crosby,  Chauvenet, 
Baier,  Harrington  and  Ockersman.     Adjourned. 

WiLLi.\M  H.  Bryan,  Secretary. 


Technical  Society  of  tlie  Pacific  Coast. 


Regular  Meeting  held  June  7,  1895.  Called  to  order  by  Vice-President 
Curtis. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

After  a  ballot,  Mr.  Edward  S.  Cobb  was  elected  to  membership  in  the  Society. 

The  Secretary  read  a  letter,  announcing  the  death  of  Mr.  George  Beardsley,  a 
member,  of  Phoenix,  Arizona. 

The  Chair  appointed  Messrs.  C.  E.  Grunsky  and  D.  C.  Henuy  a  committee  to 
draw  suitable  resolutions  in  memory  of  the  deceased  member. 

President  George  W.  Dickie  read  a  paper,  entitled '' Engineers;  Consulting, 
Inspecting  and  Contracting  ;  Their  Relationship  to  each  Other  and  to  the  Public,'' 
which  was  opened  for  discussion,  and  viewed  from  different  standpoints  by  the 
members  present.     Adjourned. 

Otto  Von  Geldern,  Secretary. 


Montana  Society  of  Civil  Engineers. 

Helena,  Mont.,  June  8,  1895. — The  regular  monthly  meeting  of  the  Mon- 
tana Society  of  Civil  Engineers  was  held  on  Saturday  evening,  June  8th,  at  the 
Society's  rooms,  in  the  Denver  Block,  on  Broadway.  President  Keerl  called  the 
meeting  to  order,  the  following  members  being  present :    James  S.  Keerl,  William 
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A.  Haven,  A.  E.  Gumming,  A.  S.  Hovey,  Walter  S.  Kelley  and  F.  J.  Smith.     The 
minutes  of  the  last  regular  meeting  were  read  and  approved. 

Tlie  President  then  appointed  Messrs.  Haven  and  Gumming  tellers  to  canvass 
the  ballots  for  admission  to  membership,  and  upon  completion  of  the  count  the 
President  announced  tliat  Frederick  J.  Taylor  had  been  unanimously  elected  a 
member  of  tlie  Society. 

The  committee,  consisting  of  Messrs.  Haven  and  Goodale,  appointed  to  inves- 
tigate the  cost  of  publishing  the  Journal  of  the  Association  of  Engineering 
Societies,  then  made  an  exhaustive  report  in  writing,  whicli  gave  evidence  that 
the  matter  had  been  thoroughly  investigated  in  all  its  details.  The  report  had 
reference  particularly  to  the  circular  letter  of  the  Western  Society  of  Engineers, 
and  the  committee  stated  that  it  found  no  basis  for  some  of  the  statements  in  that 
letter  relative  to  an  "apparent  excessive  cost  of  the  Journal  for  189-5."  The 
report  was  accepted  as  being  the  sense  of  the  Society,  and  the  Secretary  was  directed 
to  send  a  copy  of  it  to  Prof.  J.  B.  Johnson,  chairman  of  the  Board  of  Managers  of 
the  Association. 

A.  E.  Gumming,  chairman  of  the  committee  appointed  to  {prepare  blanks  for 
quartz  lode  and  placer  location  notices,  to  conform  to  the  new  law  which  goes  into 
effect  July  1st,  reported  that  the  committee  had  spent  considerable  time  in  looking  up 
the  law,  etc.  He  called  the  attention  of  the  members  present  to  the  various  im- 
portant requirements  in  the  new  law,  and  submitted  to  tlie  meeting  the  blank  forms 
of  location  notices  as  prepared  by  the  committee.  He  also  stated  that  he  had  sub- 
mitted these  blanks  to  a  prominent  attorney  for  inspection  and  that  the  attorney 
had  pronounced  them  all  right.  A  motion  prevailed  that  the  report  be  accepted, 
that  tlie  blanks  as  prei>ared  by  the  committee  be  a<iopted  and  that  the  Secretary  be 
instructed  to  have  a  sufficient  number  of  these  blanks  printed  to  send  to  all  the 
publishers  in  the  mining  districts  of  the  State,  and  to  each  member  of  the  Society. 
The  Society  hopes  that  these  blanks  will  meet  with  the  approval  of  the  various 
publishers,  and  that  these  forms  will  be  adopted,  thus  securing  uniformity  through- 
out the  State. 

A  committee  of  one,  consisting  of  James  S.  Keerl,  was  appointed  to  confer 
witli  tiie  librarian  of  the  public  library  as  to  the  most  desirable  books  on  engineer- 
ing to  be  purchased  for  the  library. 

A  paper  on  the  Cost  of  Steam  and  Water  Power,  Montana,  pre[>ared  by  Maurice 
S.  Parker,  of  Great  Falls,  was  then  read  by  the  Secretary.  This  paper  was  a  most 
interesting  one.  It  contained  tables  showing  the  cost  per  horse-power  per  day  and 
per  year,  produced  by  steam  and  water.  The  remarkable  cheapness  of  the  cost  of 
producing  power  by  water,  as  compared  with  steam,  left  little  room  for  doubt  that 
in  Montana,  with  her  mountain  torrents,  steam  will  soon  take  second  place.  The 
paper  throughout  showed  that  the  author  was  thoroughly  familiar  with  liis  subject. 

After  discussion  of  the  .subject  by  all  the  members  present  the  meeting  ad- 
journed. 

F'oRRE.ST  J.  Smith,   Secretary. 


Boston  Society  of  Civil  Eua,iueers. 


June  12,  1895. — A  regular  meeting  of  the  Society  was  held  at  its  rooms, 
36  Bromtield  Street,  Boston,  at  8..30  o'clock,  p.m..  President  Albert  F.  Noyes  in  the 
chair.     Number  of  members  and  visitors  present,  including  ladies,  eigiity-six. 

On  motion  it  was  voted  to  di.'^pense  witii  the  reading  of  the  record  of  the  last 
meeting. 
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Messrs.  George  W.  Fuller,  Frank  O.  Melcher  and  Sanford  E.  Thompson  were 
elected  members  of  tlie  Society. 

The  President  and  Treasurer  were  authorized  to  change  the  Society's  rooms, 
provided  the  increased  cost  per  year  does  not  exceed  one  dollar  per  member. 

The  thanks  of  tlie  Society  were  voted  to  the  trustees  of  the  Massachusetts 
General  Hosf)ital  Association  and  to  the  officials  of  the  Xew  York,  New  Haven  and 
Hartford  Railroad  Company,  for  courtesies  shown  members  of  the  Society  on  the 
occasions  of  the  excursions  on  May  15  and  June  12,  1895. 

Mr.  F.  O.  Whitney,  for  the  committee  appointed  to  prepare  a  memoir  of 
Adelbert  L.  Sprague,  submitted  its  report,  which  was  read  and  accepted. 

Mr.  Main,  for  the  committee  on  weights  and  measures,  presented  the  following 
resolution : 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecate  the 
use  of  any  of  the  wire  and  sheet  metal  or  other  trade  gauges  now  in  vogue,  and 
strongly  urge  the  use  of  one-thousandths  of  an  inch  for  all  kinds  and  classes  of  small 
measurements.  On  motion  it  was  voted  to  print  the  report  of  the  committee  in  the 
notice  of  the  September  meeting  and  to  defer  action  on  the  report  until  that 
meeting. 

A  paper  by  Francis  C.  Tucker  was  then  presented,  giving  the  engineering  his- 
tory of  a  lawsuit  growing  out  of  a  contract  for  building  a  portion  of  the  Grand  Island 
&  Wyoming  Central  Railroad,  through  the  Black  Hills  of  South  Dakota.  It  was 
voted  to  print  the  paper  in  the  Journal  with  such  discussions  as  may  be  ofiered 

The  rest  of  the  evening  was  devoted  to  the  exhibition  of  a  series  of  beautiful 
lantern  views  presented  by  Mr.  FitzGerald  and  President  Noyes. 

Adjourned.  S.  E.  Tinkham,  Secretary. 

AVestern  Society  of  Eng-ineei"S. 


The  327th  meeting  was  held  in  the  Society's  rooms  on  Wednesday,  April  3, 
1895,  at  8  P.M.     President  Horton  in  the  chair,  and  62  members  and  guests  present. 

The  minutes  of  the  annual  meeting  were  approved  as  printed  in  the  Journal 
OF  THE  Association  of  Engineering  Societies. 

The  minutes  of  the  March  meeting  were  read  and  approved. 

The  Secretary  reported  for  the  Board  of  Directors — About  ninety  volumes  of 
periodicals  are  being  bound  for  the  library. 

The  application  of  Mr.  Charles  F.  White,  of  Chicago,  for  membership  in  the 
Society,  was  filed  March  19,  1895. 

The  Secretary  was  instructed  to  have  printed  1,000  copies  of  the  Constitution, 
By-Laws  and  List  of  Members. 

April  2,  1895,  the  following  named  gentlemen  were  elected  to  membership  in 
the  Society:  As  members — Messrs.  George  M.  Basford,  C.  V.  Brainard,  AVilliara  S. 
Dawley,  Nicholas  D.  Pound,  Leonard  Sewall  Smith,  George  E.  Waldo,  Charles  F. 
White  and  Edward  Dana  Wickes.  As  associates — Messrs.  George  Horace  Bryant 
and  Charles  F.  Quincy.  The  application  of  William  D.  Pickels,  as  member,  and 
William  Edmund  Syer,  as  junior,  both  of  Chicago,  were  received  and  placed  on  file. 

The  death  of  Mr.  Warren  Collier  Smith,  a  member  of  the  Society,  was  an- 
nounced, and  on  motion  the  President  appointed  Messrs.  Isham  Randolph,  Frederic 
S.  Brown  and  James  J.  Reynolds  a  committee  to  prepare  a  memorial  of  the  deceased 
member. 

A  letter  from  Mr.  E.  L.  Cortheil,  from  Berne,  Switzerland,  in  acknowledgment 
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of  the  cablegram  sent  him  by  the  Society,  at  the  annual  banquet,  was  read  by  the 
Secretary. 

Messrs.  Frank  C.  Hatch,  Jolin  Saltar,  Jr.,  and  H.  F.  J.  Porter,  were  appointed 
a  committee  on  "Standard  Gauges  for  Thickness  of  Metals,"  in  conformity  with  a 
I'equest  of  the  Engineers'  Club  of  St.  Louis. 

Mr.  E.  H.  Bethel  was  appointed  on  the  Committee  on  Excursions  and  Enter- 
tainment, vice  Mr.  James  J.  Reynolds  resigned. 

The  meeting  was  interspersed  with  vocal  music  and  the  "Club  Smoker"  with 
its  concomitant  features,  all  of  which  seemed  to  be  very  fully  enjoyed.  At  a  late 
hour  the  meeting  adjourned. 

At  the  meeting  of  the  Board  of  Directors,  held  April  16,  1895,  ajiplications  for 
membership  in  the  Society  were  received  and  placed  on  file,  as  follows:  As  mem- 
bers— Louis  K.  Comstock  and  Howard  Berge,  both  of  Chicago.  As  Associate  — 
Francis  W.  Lane,  Chicago. 


A  special  meeting  (328th  of  the  Society)  was  held  in  Science  Hall,  Armour 
Institute,  Chicago,  on  Wednesday,  April  17, 1895,  at  8  p.m.  Vice-President  More- 
house in  the  chair  and  82  members  and  guests  present. 

The  Committee  on  Excursions  and  Entertainments,  through  its  chairman,  Mr. 
Appleton,  outlined  a  very  attractive  list  of  proposed  excursions,  the  next  one  to 
occur  on  April  27th. 

Mr.  Horace  E.  Horton  read  a  paper,  ''  The  Highway  Bridges  Across  the 
Mississippi  River,"  illustrated  by  many  lantern  views,  and  accompanied  by  inter- 
esting notes  of  the  various  bridges,  as  the  views  were  presented. 

After  discussion,  the  meeting  adjourned. 

Charles  J.  Roney,  Secretary. 


The  329th  meeting  of  the  Society  was  held  in  the  Society's  rooms  on  Wednes- 
day, May  1,  1895,  at  8  p.m.  Vice-President  Morehouse  in  the  chair,  and  about  35 
members  and  guests  pre-ient.  Tlie  minutes  of  the  February  meeting  were  approved 
as  printed  in  the  Journal  of  the  Association  of  Engineering  Societies. 
The  minutes  of  the  April  meetings  were  approved  as  printed. 

The  Secretary  reported  for  the  Board  of  Directors— The  following  applications 
for  membership  were  filed  April  16,  1895.  As  Members — Louis  K.  Comstock  and 
Howard  Berge,  both  of  Chicago.  As  Associate — Francis  W.  Lane,  Chicago.  On 
April  30th  the  following  persons  were  elected  :  As  Members — Howard  Berge,  Louis 
K.  Comstock  and  William  D.  Pickels.  As  Junior — William  Edmund  Syer.  As 
Associate — Francis  W.  Lane. 

The  application  of  Casper  L.  Redfield  as  Member  and  of  Norwood  De  Hart  as 
Junior  were  filed  April  30,  1895. 

Mr.  Gerber,  for  the  Committee  on  Excursions  and  Entertainments,  announced 
arrangements  for  an  inspection  trip  over  the  Metropolitan  West  Side  Elevated 
R.  R.,  and  visit  to  the  Power  House,  for  Saturday,  p.m..  May  18,  1895. 

Mr.  Chanute,  for  the  Committee  on  Library,  asked  for  suggestions  from  mem- 
bers as  to  the  best  disposition  to  be  made  of  a  balance  of  the  Library  fund,  amount- 
ing to  about  $75. 

Mr.  Chanute  i)resented  a  resolution  regarding  a  simultaneous  reading  and  dis- 
cussion by  the  various  Societies  in  the  Association  of  Engineering  Societies  of  valua- 
able  papers  originating  in  any  of  tlie  Societies. 
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The  resolution  was  referred  to  the  Board  of  Directors  for  consideration  and 
report  to  the  Society  at  tlie  regiihir  meeting  in  June. 

Tlie  following  resolution,  presented  by  Mr.  James  J.  Reynolds,  was  unani- 
mously adopted  : 

"Resolved,  That  this  Society  learns  with  regret  the  recent  death  of  Gen.  John 
Newton,  in  New  York,  and  hereby  places  on  record  its  sense  of  the  loss  thus  sus- 
tained by  the  engineering  profession  and  its  high  appreciation  of  his  distinguished 
services." 

By  vote,  the  date  for  the  next  meeting  at  Armour  Institute  was  changed  from 
the  third  Wednesday  in  the  month  to  the  preceding  Tuesday,  14th  instant. 

The  question  as  to  what  grade  or  grades  of  members  are  entitled  to  wear  the 
badge  of  the  Society  was  referred  to  the  Board  of  Directors  for  recommendations. 


The  330th  meeting  of  the  Society  was  lield  in  Science  Hall,  Armour  Institute, 
at  8  P.M.  Tuesday,  May  14,  1895,  President  Horton  in  the  chair;  3G  members  and 
guests  present. 

The  paper  of  the  evening,  "The  De  Kalb,  111.,  Municipal  Electrical  Pumping 
Plant,"  was  read  by  the  author,  Mr.  Daniel  W.  Mead,  and  was  illustrated  by  lantern 
views.  The  reading  of  the  paper  was  followed  by  an  extended  and  animated  dis- 
cussion, and  tlie  meeting  adjourned  at  a  late  hour. 


On  Saturday  afternoon,  May  18th,  through  the  courtesy  of  the  officials  of  the 
Metropolitan  "West  Side  Elevated  E.  R.  Co.,  about  108  members  and  guests  assem- 
bled at  the  Franklin  Street  terminus  of  this  road  and,  after  an  inspection  of  the 
bridge  over  the  South  Branch,  boarded  a  special  train  at  2.30  p.m.  for  a  trip  over 
the  main  line  to  West  48th  Street,  inspecting  the  Power  House  on  the  return  trip. 

Charles  J.  Roney,  Secretary. 


The  331st  meeting  of  the  Society  was  held  in  the  Society's  rooms,  1737  Monad- 
nock  Block,  Chicago,  on  Wednesday  evening,  June  5,  1895.  President  Horton  in 
the  chair;  about  fifty-five  members  and  guests  present. 

The  minutes  of  the  meetings  and  report  of  the  excursion  of  the  previous  month 
were  read  and  approved. 

The  Secretary  reported  for  the  Board  of  Directors :  At  the  meeting  of  the 
Board  of  Directors  held  June  4,  1895,  Mr.  Casper  L.  Redfield  was  elected  a  Mem- 
ber, and  Mr.  Norwood  De  Hart  was  elected  a  Junior. 

The  resolution  offered  by  Mr.  Chanute  at  the  regular  May  meeting  of  the  So- 
ciety and  referred  to  the  Board,  relating  to  simultaneous  reading  and  discussion  of 
papers  in  the  participating  societies  of  the  Association,  was  considered,  and  it  was 
voted  that  it  was  inexpedient  to  act  on  this  resolution  pending  the  report  of  the 
Board  of  Directors  concerning  the  management  of  t  be  Journal,  to  be  presented  to  the 
Society  at  the  June  meeting. 

It  was  also  voted  that  the  blue  badge  of  the  Society  should  be  worn  by  the 
grades  of  Members  and  Honorary  Members  only,  and  that  Associates  or  Juniors 
may  wear  badges  of  the  design,  but  in  red  enamel. 

The  action  thus  taken  is  presented  as  the  recommendation  of  the  Board  in 
these  matters. 

Mr.  Morehouse  presented  the  following  report  of  a  Special  Committee  of  the 
Board,  which  was  accepted  by  tlie  Board  of  Directors  and  is  now  presented  to  the 
Society. 
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The  Secretary  then  read  tlie  communication  which,  in  part,  is  as  follows : 
Your  Board  of  Directors  believe  that  the  Association  should  be  restricted  in 
the  unlimited  powers  at  present  conferred  upon  it,  and,  to  that  end,  now  makes  to 
this  Society  the  following  recoiiunendations  as  rules  hereafter  to  be  observed  in 
the  publication  of  the  Journal,  : 

1.  Tiie  object  of  the  Journal  is  to  print  the  papers  and  transactions  of  the 
Societies,  and  it  is  not  for  the  purpose  of  establishing  a  professional  monthly 
magazine. 

2.  The  amount  of  matter  must  be  restricted  to  that  which  can  be  publisiied 
at  a  cost  of  $3.00  per  annum  for  each  person  on  the  mailing  list  of  each  Society, 
except  as  liereinafter  provided. 

•S.  The  amount  of  matter  which  each  Society  is  entitled  to  have  published 
to  be  In  direct  proportion  to  the  amount  it  contributes  to  the  cost  of  publication. 

4.  Any  Society  desiring  to  publish  matter  in  excess  of  its  proportion,  may 
publish  such  matter  by  paying  the  full  extra  cost  thereof 

o.  No  Society  having  dues  or  assessments  in  arrears  for  more  than  90  days 
after  notice,  or  whose  arrearages  shall  at  any  time  exceed  S2  per  member,  shall  par- 
ticipate in  the  privileges  of  the  Association  ;  nor  sliall  it  be  in  the  power  of  tlie 
Board  of  Managers  to  deviate  from  enforcing  this  rule. 

6.  A  paper  shall  be  accredited  to  the  Society  before  which  it  is  read,  but  the 
author,  if  a  member  of  any  Society  or  Societies  of  the  Association  sliall  be  credited 
with  such  membership  and  none  other. 

7.  The  Association  shall  not  have  pow"er  to  make  any  contracts  or  incur  any 
liabilities  which  will  bind  the  Association  to  an  expenditure  beyond  the  limitations 
specitically  permitted  by  the  Articles  of  Association. 

8.  The  Secretary  of  the  Association  shall  not  have  authority  to  edit  any 
papers  sent  for  publication,  except  by  specific  consent  of  the  Society  furnishing  the 
paper. 

9.  Advertisements  may  be  received  by  and  inserted  in  the  Journal  by  its 
management,  but  all  contracts  therefor  must  terminate  in  the  calendar  year  of  the 
contract. 

10.  The  Association  shall  not  publish  in  the  .Journal  any  other  matter  than 
the  papers  and  transactions  of  the  Societies,  if  it  shall  appear  that  by  so  doing  the 
cost  will  exceed  $3.00  per  annum  per  member  of  the  Societies. 

11.  The  Association  may  secure  subscriptions  to  the  Journal,  and  furnish  re- 
prints, with  a  view  to  profit  to  the  Association. 

The  above  recommendations  are  based  on  the  principle  that  the  cost  of  the 
Journal  must  not  exceed  S3.00  to  each  member  of  the  Societies,  and  that  the 
amount  of  matter  must  be  restricted  to  that  which  can  be  published  for  that  amount) 
and  that  the  amount  of  matter  at  the  disposition  of  any  Society  is  in  proportion  to 
the  amount  of  money  paid  by  that  Society  to  the  Association. 

Mr.  iSIorehouse  spoke  at  length  in  favor  of  the  adoption  by  the  Association  of 
Engineering  Societies  of  the  above  recommended  rules,  and  by  request  the  Secre- 
tary read  a  letter  from  Chairman  J.  B.  Johnson  to  the  members  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies,  under  date  of  May  29, 
1895,  regarding  certain  matters  concerning  the  Journal. 

The  subject  of  the  above  report  was  discussed  by  Messrs.  Ward,  Morehouse, 
Condon,  Mead,  Reynolds,  Liljencrantz,  R.  P.  Brown  and  Thos.  T.Johnston,  and  the 
following  resolution  was  unanimously  adopted: 

''  Ri'iiolved,  That  tlie  recommendations  for  rules  hereafter  to  be  observed  in  the 
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j)ublic;Uion  of  the  Journal,  as  presented  to  tlie  Society  this  eveniiiji  by  tlie  Bonrd  of 
Directors  be  concurred  in  by  the  Society,  and  tliat  tliese  recommended  rules  be 
forwarded  to  the  Board  of  Manngers  of  tlie  Association  of  Engineering  Societies  as 
the  expressed  opinion  of  this  Society,  and  (hat  the  representatives  of  tliis  Society 
on  the  Board  of  Managers  be  instructed  to  present  tiiese  rules  to  the  Board  of 
Managers  for  adoption." 

The  recommendation  of  the  Board  of  Directors  in  regard  to  the  Society  badge 
was  adopted. 

It  was  voted  that  the  thanks  of  the  Society  be  extended  to  Mr.  James  R. 
Ciiapman  and  Mr.  W.  E.  Baker,  for  courtesies  extended  to  the  Society  on  the  occa- 
sion of  its  recent  inspection  trips  to  the  power-house  of  the  North  Chicago  Electric 
Transit  Co.,  and  over  the  line  of  the  Metropolitan  West  Side  Elevated  Railroad, 
respectively. 

Prof.  Hatch,  Chairman  of  the  Committee  on  Standard  Gauges  for  Thickness 
of  Metals,  reported  progress. 

On  motion  it  was  Resolved,  That  the  Board  of  Managers  of  the  Association  of 
Engineering  Societies  be  requested  to  make  to  this  Society  a  financial  statement  for 
the  first  quarter  of  the  present  year,  and  for  each  quarter  thereafter,  showing  the 
cost  of  the  Journal,  the  number  of  members  in  each  Society  on  the  Journal  mail- 
ing list,  the  amount  of  money  paid  by  each  Society,  and  the  amount  any  Society  is 
delinquent. 

It  was  voted  that  the  regular  meetings  during  the  months  of  July  and  August 
be  omitted. 

Adjourned. 

Charles  J.  Roney,  Secretary. 
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TIMBER-PRESERVI:N^G  methods  AIS'D  APPI.IAKCES. 


Read  before  the  Technical  Society  of  the  Pacific  Coast,  December  7,  1894.* 


By  W.  G.  Curtis,  Member  of  the  Society. 

This  paper  is  intended  less  as  a  general  review  of  wood-preserving 
appliances  than  as  a  description  of  a  portable  wood-preserving  plant 
recently  put  into  successful  use  on  the  Pacific  System  lines  of  the  South- 
ern Pacific  Company,  with  a  concise  statement  of  the  methods  of  using 
this  plant  for  burnettizing  ties.  It  presents  to  the  Societj'  also  some 
brief  notes  on  the  modifications  of  the  ordinary  methods  of  creosoting 
timber,  as  practiced  at  the  fixed  creosoting  plant  in  Oakland.  These 
modifications  were  found  necessary  in  order  to  creosote  successfully 
Pacific  Coast  timbers,  and  they  resulted  in  more  satisfactory  treatment 
of  the  timber,  cou})led  with  a  decrease  in  the  expense,  as  coinj^ared  with 
ordinary  methods. 

The  chief  source  of  supply  for  railroad  ties  on  the  Pacific  Coast  is 
drawn  from  the  California  redwood  timber  region  ;  but  the  redwood  tim- 
ber, while  very  durable  with  res})ect  to  decay,  is  a  soft  timber  and  re- 
quires tie-plates  for  the  best  results  under  considerable  traffic.  Hence  a 
large  portion  of  the  tie  supi)ly  for  Nevada,  Utah,  Northei'u  California 
and  Oregon  can  be  most  economically  drawn  from  the  pine  and  fir  for. 
ests  of  Oregon  and  from  the  Sierra  Nevada  range  in  California.  The 
supply  points  for  this  timber,  however, are  widely  separated,  the  distance 
between  the  most  easterly  and  the  most  northerly  supply  being  789  miles. 

*  Manuscript  received  May  31,  1895. — Secretary,  Asu'n  of  Eng.  Soes. 
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Intervenins:  between  these  two  ])oints  are  hi,t>li  mountain  rauires,  the  rise 
and  fall  of  grades,  westerly  and  northerly,  between  these  two  points 
being  respectively  10,800  and  15,500  feet 

The  Southern  Pacific  Company's  experience  on  their  Atlantic  Sys- 
tem lines,  as  well  as  the  results  of  some  ex})eriraents  made  in  California, 
demonstrates  the  economy  of  treating  the  pine  and  fir  ties  with  zinc 
chloride. 

One  wood-preserving  plant,  having  a  capacity  for  treating  about 
2,500  ties  per  twenty-four  hours,  is  amply  large  to  burnettize  all  of  the  ties 
required  for  the  Southern  Pacific  lines  naturally  supplied  wnth  ties  from 
the  pine  and  fir  forests.  The  conditions  are  such,  however,  that  to  locate 
the  plant  at  a  station,  in  the  ordinary  way,  would  involve  a  very  great 
cost  for  hauling  the  ties  from  delivery  points  to  the  wood-preserving 
works  and  thence  to  point  of  use.  The  cost  of  four  fixed  plants,  which 
would  be  required  in  order  to  reduce  the  cost  of  transportation  to  reason- 
able limits,  was  also  prohibitory.  These  difficulties  led  to  the  design  of 
a  portable  plant,  which  was  put  into  operation  in  June,  1894.  The  pho- 
tograph before  you  shows  the  plant  as  assembled  for  the  treatment  of  ties 
by  the  burnettizing  process  at  Chestnut  Station,  California. 

The  plant  comprises  all  of  the  ai)i)Iiances  essential  for  creosoting, 
burnettizing,  and  all  of  the  ordinary  wood-preserving  processes ;  one  car 
carrying  two  steam  boilers,  steam  winch,  tools,  wire  rope,  etc.,  one  car 
carrying  superheater,  measuring  tank,  force  pump,  air  and  circulating 
pump  and  condenser,  two  cars  each  carrying  three  wooden  supply  tanks 
for  holding  the  preservative  fluid,  each  tank  having  a  capacity  of 
4,000  gallons,  or  a  total  capacity  of  24,000  gallons,  and  two  retorts, 
each  six  feet  diameter  by  114  feet  long,  divided  into  two  sections,  each 
section  carried  on  two  heavy  car  trucks.  This  plant,  made  up  into  a 
train  of  eight  cars,  made  its  initial  journey  from  Sacramento,  California, 
to  Cornelius,  Oregon,  706  miles,  last  May,  passing  over  3.3  per  cent, 
grades  and  around  the  14  degree  curves  of  the  Siskiyou  Mountains 
without  difBculty. 

ARRANGEMENT    OF   TRACKS. 

There  are  two  arrangements  of  tracks  used  with  this  plant :  First, 
when  the  bulk  of  the  ties  treated  are  for  local  distribution,  and  second, 
when  the  ties  are,  in  the  main,  to  be  shipped  to  more  or  less  distant 
points.  In  the  first  case,  a  through  track  is  laid  alongside  of  each  retort ; 
the  tank  and  machinery  cars  are  then  placed  on  tracks  beyond  or  outside 
of  these  tracks,  ties  are  received  on  flat  cars,  loaded  thence  on  the  retort 
trucks  for  treatment,  passed  through  the  retorts  and,  on  emergence  at 
the  further  end  of  the  retorts,  are  in  position  to  unload  on  the  same  cars 
on  which   thev  were  received  ;  these  flat  cars  having  in  the  meantime 
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been  moved  along  the  through  tracks,  past  the  retorts,  to  their  new 
position  for  receiving  loads.  In  this  plan  of  working,  it  is  necessary  to 
provide  one  empty  flat  car  with  every  four  loaded  cars  when  received  at 
the  works,  as  the  increased  weight  of  ties  by  treatment  necessitates  the 
loading  of  fewer  per  car. 


sm&m^j- 


In  the  second  case,  it  is  not  necessary  to  run  the  tracks  through  the 
works,  as  the  ties  are,  in  the  main,  received  on  flat  cars  and  loaded  for 
distribution  in  box  cars,  so  that  both  loaded  and  unloaded  cars  are 
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switched  in  on  their  res[)eetive  tracks,  and  afterwards  pulled  out  in  the 
direction  from  which  the  cars  come. 


U— 14Ft:-4*-H  Ftr-4*-H  FtT-«j« — 1-3  Ft7-4^H-Ftr->i*-H  Ft^-A-K-Ft7 ->| 
Section  C  C  at  center  of  plant 

Tracks  for  Portable  Plant. 

In  both  cases  a  slight  grade  is  given  to  the  loading  and  unloading 
tracks  in  such  direction  as  is  most  convenient  for  moving  the  cars  by 
hand,  without  necessitating  the  continuous  use  of  a  locomotive  at  the 
works. 

SETTING   UP. 

The  ground,  tracks  and  foundations  (made  of  tie  blocking),  having 
been  prepared  for  the  reception  of  the  plant,  the  retorts  are  run  into 
position,  lined  up  and  adjusted  to  height  by  jackscrews,  which  form  part 
of  the  trucks  supporting  the  retorts  ;  the  trucks  are  then  blocked  up  with 
steel  wedges  so  as  to  take  the  weight  off  the  springs,  and  the  trucks  at 
the  center  joint  are  blocked  lengthwise.  The  end  trucks  are  free  to 
move  endwise,  so  as  to  act  as  expansion  rollers.  The  middle  connection 
between  the  halves  of  each  retort  is  then  made,  the  tank  and  machinery 
cars  are  run  into  position  and  pipe  connections  made.  All  large  pipe 
connections  between  machinery  cars,  tank  cars  and  the  retorts  are  made 
with  ball  and  expansion  joints  ;  the  latter  allow  a  play  of  some  four  feet, 
so  that  inequalities  of  track,  both  in  height  and  distance,  are  provided 
for.  The  smokestack  is  raised  with  a  gin  pole  and  guyed;  the  winch  is 
placed  in  and  below  one  of  the  end  platforms  and  between  the  treating 
tracks,  so  that  the  engineer  can  see  the  charge  as  he  works  the  winch. 
The  wire  cable  for  handling  the  charges  is  run  under  the  platforms, 
from  the  winch  to  a  snatch  block  at  each  end  of  the  platforms,  thence  it 
returns  on  top  of  each  platform. 


PROCESS   OF   CHARGING    AND    HANDLING   TIES. 

The  ties  received  at  the  works  arc  j)laced  on  tracks  adjoining  the 
retort  platforms,  and  are  thence  transferred  directly  to  the  retort  trucks, 
being  laid  thereon  in  bunches  cylindrical  in  form,  bound  together  and  to 
llic   trucks   by  small    chains,  "  sticking"   ])ieces   of   iron   one-quarter  to 
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three-eighth.s  of  an  iucli  thick  being  {)laeed  between  each  layer  of  ties. 
Two  ropes  called  "pennants"  are  strung  under  the  charge.  These  are 
wire  ropes  having  an  eye  in  each  end,  and  are  a  little  longer  than  a 
charge  (»f  ties.  One  end  of  a  pennant  is  fastened  to  the  foremost  truck 
and  one  end  of  the  other  is  fastened  to  the  liindniost  truck;  the  back 
ro})e  from  the  winch  is  fastened  to  the  former,  and  the  pulling  rope  to 
the  latter,  so  that  the  charge  is  hauled  into  the  retorts  by  pulling  on  the 
hindmost  truck,  which  pushes  those  ahead  into  the  retort.  The  object  of 
this  is  to  dispense  with  couplings  between  trucks,  and  so  economize  room 
in  the  retorts.  As  the  length  of  the  retort  is  about  the  same  as  that  of 
a  charge  of  ties  (fourteen  lengths),  it  is  necessary  i\n-  the  engineer  to 
place  the  charge  c^uite  accurately.  The  object  of  the  connection  with 
the  back  rope  from  the  winch  is  to  enable  the  engineer  to  reverse  and 
pull  the  charge  slightly  back  in  case  it  overruns,  as  occasionally  happens, 
or  to  stop  the  load  accurately  by  braking  the  back  Ime.  The  charge 
having  been  run  into  the  retort,  the  winch  lines  are  unhooked  from 
the  pennants,  and  the  ends  of  the  latter  thrown  under  the  charge. 
The  doors  of  the  retorts  are  now-  closed  and  screwed  up  by  hand 
wrenches.  On  the  first  screwing  up  of  the  retorts,  not  much  trouble 
is  taken  to  get  them  quite  tight,  as  this  can  be  better  done  later  on 
when  the  vacuum  is  started  in  the  retort. 

METHOD    OF    BURNETTTZINCt   TREATMENT    FOR    RAILROAD    TIES. 

(1)  The  charge  is  run  in  and  the  heads  or  doors  closed  and 
bolted  up. 

(2)  A  preliminary  vacuum  is  begun;  this  is  run  up  to  about 
twenty  inches.  During  this  vacuum  the  doors  are  bolted  up  tightly. 
This  vacuum  process  requires  about  ten  minutes. 

(3)  Live  steam  is  let  in  at  about  thirty  pounds  pressure,  and 
continued  for  about  four  hours  and  a  half.  It  is  then  blown  off, 
requiring  half  an  hour.  During  this  steaming  and  blowing  off,  the 
retorts  are  drained. 

(4)  A  secDud  vacuum  is  created,  of  from  twenty-two  to  twenty-six 
inches,  which  is  maintained  for  about  an  hour. 

(5)  The  retort  is  filled  with  the  zinc  chloride  solution  and  pressure 
begun.  This  is  continued  until  the  required  quantity  of  solution  is 
injected  into  the  ties. 

(6)  The  surplus  preservative  fluid  is  drawn  off,  the  doors  opened, 
and  the  charge  pulled  out  on  the  platform.  Another  charge,  which 
has  in  the  meantime  been  made  ready,  is  immediately  pulled  into  the 
same  retort  to  undergo  the  same  process.  The  treated  ties  are  un- 
loaded onto  adjoining  cars,  the  trucks  pushed  to  a  small  transfer 
table  at  the  end  of  the  platform,  transferred  to  the  opposite  track  of 
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the  same  platform,  and  loaded  with  fresh  ties  to  be  run  into  the 
other  retort  for  treatment. 

Trucks  sufficient  for  three  charges  of  ties  are  used. 

In  steamiuc,  live  steam  at  a  temperature  of  about  260°  Fahr.  is 
used,  corresponding  to  a  gauge  pressure  of  about  20  pounds.  Preserva- 
tive fluid  is  injected  at'a  temperature  of  about  150°  Fahr.  A  maximum 
pressure  of  about  140  pounds  is  allowed  in  injection  ;  with  freshly  cut 
ties,  however,  120  pounds  is  not  usually  exceeded. 

The  total  time  of  treatment  averages  about  8j  hours,  and  as  the  re- 
torts are  run  nearly  alternately,  we  get  from  noon  one  day  to  noon  the  fol- 
lowing day  five  charges  treated,  or  a  total  of  2,520  ties,  7  inches  by  8 
inches  by  8  feet,  per  day  of  twenty-four  hours  If,  however,  all  the  ties  are 
new  or  freshly  cut,  the  time  is  reduced  so  as  to  get  out  six  charges  per 
day,  or  3,024  ties  in  all  per  day  of  twenty-four  hours. 

We  find  the  time  required  varies  greatly  with  the  kind  of  timber 
and  with  the  time  during  which  the  ties  have  been  seasoning.  California 
mountain  pine,  fir  and  spruce  require  less  time  than  Oregon  fir,  and  all 
timbers  are  more  readily  treated  when  freshly  cut.  An  Oregon  fir  tie,  sea- 
soned in  the  air  for  two  years,  will  take  double  the  time  for  the  treatment 
required  for  one  freshly  cut.  Occasionally  a  close-grained,  well-seasoned 
tie  will  not  receive  the  preservative  at  all,  the  fluid  penetrating  into  the 
sides  only  about  half  an  inch. 

Mucli  attention  has  been  given  in  this  plant  to  providing  means  of 
watching  the  eftect  of  the  various  steps  in  the  process,  so  as  to  vary  the 
treatment  as  the  timber  requires  it.  The  retorts  are  provided  with  ther- 
mometers, the  steam  pipes  with  a  pyrometer, and  all  tanks  with  gauges; 
the  condenser  is  provided  with  a  measuring  well,  all  injection  is  from  a 
gauged  measuring  tank,  and  sample  ties  are  tested  and  reported  from 
each  batch,  as  noted  further  on.  The  principal  blanks  used  for  this  and 
other  reports  are  appended  hereto. 

The  condensing  apparatus  consists  of  one  set  ot  ordinary  surface 
condensers  (connected  to  the  vacuum  pipe  and  between  the  retorts  and 
air-pump),  which  is  over  and  supported  upon  a  measuring  well,  into 
wdiich  all  condensed  saps  and  vapors  flow,  thus  preserving  a  constant 
surface  for  condensation.  The  measuring  well  is  provided  with  a  glass 
gauge,  and  is  of  such  dimensions  that  each  foot  of  the  glass  gauge  repre- 
sents one-fourth  of  a  pound  of  water  extracted  per  cubic  foot  of  timber. 
This  well  is  so  arranged  that  it  can  be  emptied  without  stopping  the  air- 
pump.  By  this  means  any  desired  dryness  of  the  timber  may  be  accom- 
plished with  certainty.  In  the  practical  operation  for  the  treatment  of 
ties  the  extraction  of  moisture  is  stopped  when  the  rate,  as  shown  by  the 
condenser  gauge,  is  reduced  to  one  pound  of  water  per  cubic  foot  per 
hour. 
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MIXING   THE    FLUID    FOR    USE. 

Concentrated  solution  of  ziuc  chloride,  called  "stock  solution,"  as 
formerly  purchased  and  now  manufactured  at  the  works,  consists  of 
about  43  per  cent,  pure  zinc  chloride,  2  per  cent,  of  impurities  (iron, 
aluminium,  lead,  etc.),  and  55  per  cent,  of  water.     This  is  weighed  out 
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and  mixed  in  a  small  sump,  with  a  proper  proportion  of  water,  thence 
pumped  into  the  wooden  supply  tanks,  tested  with  a  Beaume  hydrom- 
eter, and,  if  necessary,  a  slight  addition  of  either  stock  or  water  added, 
so  that   the   liquid    for  use,  called  "standard   solution,"  registers  2h° 
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Beauiiie  at  60°  Fahr.  The  theoretical  proportions  for  the  desired  stand- 
ard solution,  containing  Ij''^  per  cent,  pure  zinc  chloride,  are  34.46 
pounds  stock  of  43  per  cent,  zinc  chloride  to  100  gallons  of  pure  water; 
but  as  there  is  much  evaporation  during  the  process  the  tendency  of  the 
standard  solution  is  always  to  get  stronger, so  that,  on  a  continuous  run, 
there  is  added  a  certain  proportion  of  water  to  allow  for  evaporation,  or, 
what  is  the  same  thing,  the  quantity  of  zinc  chloride  to  the  gallon  of 
water  is  reduced.  Experience  has  taught  us  that  about  27  pounds  of 
zinc  chloride  stock  solution  per  hundred  gallons  of  water  will  keep  our 
reserve  solution  (amount  always  in  the  supply  tanks),  together  with  that 
added  for  daily  consumption,  up  to  standard  ;  but  this  is  carefully 
watched  and  additions  made  one  way  or  the  other,  as  the  case  demands, 
so  that  the  standard,  when  injected  into  the  ties,  is  always  ly''^  per  cent. 
strong.  The  standard  solution  is  heated  to  156°  Fahr.  by  turning  steam 
through  coils  in  bottom  of  tanks  before  being  pumped  into  the  charge. 

TESTING  TIES. 

At  intervals  daring  the  regular  progress  of  the  work  and  whenever 
any  charge  shows  some  change  in  the  treatment  as  to  necessary  vacuum, 
time  or  amount  of  pressure,  and  after  each  change  in  kind,  quality  or 
dryness  of  timber,  four  sample  ties  are  taken  from  a  charge  consisting 
of  ties  of  average  grain,  one  heaviest,  one  lightest  and  two  average 
weight,  and  each  tie  is  bored  in  the  middle  of  its  width  and  length 
with  a  one-inch  bit.  The  first  half  inch  of  borings  is  thrown  away,  after 
which  each  inch  of  borings  is  preserved  separately  and  designated  as 
one  inch,  two  inch,  and  three  inch  specimens.  Each  specimen  is  burned 
to  an  ash,  over  a  gasoline  jet,  in  a  porcelain  roasting  dish,  in  contact 
with  the  air.  The  ashes  are  carefully  collected  iu  a  platinum  cup,  dis- 
tilled water  added,  with  a  slight  excess  of  hydro-chloric  acid,  converting 
the  zinc  oxide  into  zinc  chloride.  It  is  then  filtered  into  a  test  tube 
and  the  zinc  hydrate  thrown  down  with  sodium  carbonate,  making  a 
white  flocculent  precipitate.  The  liquid  is  then  made  up  with  distilled 
water  to  three  drachms.  The  resulting  milky  liquid  is  compared  with 
standard  liquids  in  tubes  of  the  same  size  as  the  test  tubes,  each  tube 
containing  three  drachms.  The  standard  liquids  are  graded  to  repre- 
sent 6,  9,  12,  15,  18,  21  and  24  one-hundredths  of  a  pound  of  zinc 
chloride  per  cubic  foot  of  timber.  As  shown  by  the  annexed  table  ot 
proportionate  parts  (for  which,  as  well  as  for  much  of  the  other  data  in 
this  paper,  I  am  indebted  to  our  fellow-member,  Mr.  J.  D.  Isaacs,  who 
has  designed  most  all  of  the  details  of  the  plant  and  devised  many 
improvements  iu  the  method  of  operation),  the  maximum  of  zinc 
chloride,  per  cubic  foot  of  timber,  desired  is  24  one-hundredths  of  a 
pound.     We   are   so   certain    of  what    we  are  doing  by  our    methods 
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of  observation  that  the  tests  are  principally  of  value  as  checks.  Re- 
cent tests  have  sometimes  shown  a  minimum  of  21  one-hundredths, 
but  usually  indicate  the  full  amount.  It  is  to  be  recollected  that  this 
minimum  is  from  the  geometric  center  of  the  tie.  In  such  cases 
specimens  taken  nearer  the  en(h  show  prescribed  quantity.  After  bor- 
ing, the  ties  are  plugged  with  creosuted  sticks  turned  to  a  tight  fit,  and 
shipped  for  use  with  the  re;t. 

RECORDS. 

A  tabular  record  of  each  charge,  giving  all  dates,  times,  durations, 
pressures  and  temperatures,  is  kept  and  charges  numbered  ;  a  similar 
tabular  record  of  all  tests  is  kept  and  duplicates  forwarded  to  head- 
quarters. All  ties  are  stamped  on  the  ends,  with  the  month  and  year 
of  treatment. 

We  have  found  it  economical  and  convenient  to  manufacture  our 
own  chloride  of  zinc  stock  solution.  The  apparatus  is  simple  and  inex- 
pensive, and  requires  little  attention.  It  consists  of  three  lines  of  barrels 
arranged  in  steps.  Beginning  with  the  top  and  numbering  them 
1,  2,  3,  4,  5,  and  6,  they  are  arranged  as  follows : 

No.  1 ,  bottom  3  inches  above  top  of  No.  2,  and  has  a  lead  spout 
emptying  from  the  bottom  into  the  top  of  No.  2. 

No.  2,  bottom  12  inches  above  bottom  of  No.  3,  and  has  a  lead  pipe 
from  near  bottom  to  top  of  No.  3. 

No.  3,  bottom  6  inches  above  bottom  of  No.  4,  and  has  a  lead  spout 
from  near  bottom  to  top  of  No.  4. 

Nos.  4  and  5  same  as  No.  3,  each  emptying  in  same  way  into  that 
below. 

Each  barrel  is  charged  with  about  600  pounds  of  zinc. 

The  carboys  of  muriatic  acid  are  lifted  to  a  platform  beside  barrel 
No.  1,  through  which  the  acid  trickles  rapidly,  taking  off,  so  to  speak, 
its  wire  edge ;  that  is,  preventing  violent  action  in  barrel  No.  2.  In 
barrel  No.  2  some  ebullition  takes  place.  The  heavier,  partially  formed 
chloride  sinks  to  the  bottom,  passes  up  through  the  lead  pipe,  and  over 
into  No.  3  and  so  on.  We  found  it  necessary  to  raise  barrel  No.  2  higher 
than  the  rest  of  the  series,  in  order  to  get  head  for  flow  through  its  dis- 
charge pipe,  some  of  the  head  being  lost  by  the  upward  action  of  the 
hydrogen  gas  aud  steam.  A  continuous  stream  of  zinc  chloride,  com- 
pletely saturated  as  to  the  acid,  runs  from  the  pipe  of  No.  5,  but  to  make 
certain,  we  run  through  No.  6;  thence  into  storage  barrels  standing 
ready  for  use.  The  capacity  of  the  chemical  plant  is  about  5,000 
pounds  of  stock  solution  per  ten  hours. 

After  each  carboy  of  acid  is  emptied,  one-eighth  of  its  weight  in 
water  is  thrown  into  barrel  No.  1,  which   has  the  effect  of  cooling  the 
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zinc,  keeping  down  somewhat  the  ebullition  in  barrel  No.  2,  and  supply- 
ing water  evaporated.  The  loss  of  chlorine  by  evaporation  is  about 
one  per  cent.  We  find  a  better  result  by  this  process  than  by  allowing 
the  acid  to  simply  stand  on  the  zinc.  The  resulting  zinc  chloride  stock 
solution  has  a  density  of  50°  Beaume',  and  contains  43  per  cent,  of  zinc 
chloride. 

CREOSOTING,    OR    IMPREGNATION    OP    TIMBER    AVITH    DEAD    OIL    OF 

COAL   TAR. 

The  portable  plant  is  arranged  for  creosoting  timber  also.  This 
requires  only  the  additional  adjuncts  of  a  superheater  and  steam  coils 
in  the  retorts.  Although  we  treat  sawn  timber  with  creosote,  the  bulk 
of  the  timber  treated  is  in  the  form  of  round  piles  of  Oregon  fir.  This 
material  proved  to  be  extremely  difficult  of  treatment  by  any  of  the 
standard  methods.  The  temperatures  and  pressures  had  to  be  forced, 
and  the  time  required  was  very  long  (32  to  38  hours)  to  get  any 
effective  penetration.  The  piles  after  treatment  were  badly  split  and 
checked,  and  their  strength  seriously  impaired. 

In  November,  1891,  some  experiments  were  undertaken  with  a  view 
to  overcoming  these  objectionable  results.  These  experiments  lead  up 
to  our  present  standard  creosoting  process,  which  closely  corresponds 
with  the  methods  advocated  by  Boulton  ten  years  or  more  ago. 

We  merely  boil  the  timber  in  the  dead  oil,  and  when  sufficiently 
dry,  inject  the  oil  by  pressure.  In  effect,  we  have  returned  to  the  open 
vat  process  tried  fifty  years  ago,  plus  pressure  in  a  closed  retort.  An 
open  vat  for  boiling,  followed  by  the  introduction  of  the  timber  into  a 
closed  receptacle  for  injection,  would  answer  the  same  purpose,  but  we 
find  it  more  convenient  to  perform  both  parts  of  the  process  in  the  same 
retorts.  In  this  process  we  use  no  vacuum,  but  pass  the  vapors  during 
boiling  through  the  surface  condenser,  leaving  the  outlet  from  the  latter 
open  to  the  air.  The  object  in  using  a  condenser  is  to  enable  us  to 
measure  the  sap  extracted  from  the  timber,  and  to  recover  the  lighter 
portions  of  the  creosote  carried  over  with  the  vapors  of  sap.  Every  foot  in 
the  measuring  well  of  the  condenser  corresponds  to  5  pound  of  water, 
or  sap,  per  cubic  foot  of  piles  treated  for  average  loads,  and  we  find  that 
the  piles  are  practically  dry  when  the  condenser  gauge  shows  6  inches 
per  hour.  The  same  precautions  as  in  burnettizing  are  used  to  follow 
the  characteristics  of  each  load  and  to  vary  the  treatment  accordingly. 

The  result  of  these  changes  in  treatment  has  been  most  satisfactory. 
The  time  has  been  cut  down  to  12  to  14  hours  per  charge,  as  against 
our  former  time  of  32  to  38  hours,  and  as  against  that  required  in 
present  Eastern  practice  of  22  to  27  hours.  Temperatures  are  reduced 
from   280°  Fahr.  to  240°  ;  i)ressure   reduced   from   200  pounds  to  120 
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pounds ;  fuel  about  oue-half  formerly  used  per  charge.  The  timber  is 
practically  uninjured  by  the  treatment.  It  is  less  checked  than  in 
ordinary  air-seasoned  timber,  and  whatever  checking  takes  place  is 
during  the  boiling,  so  that  all  checks  are  well  filled  with  creosote. 

In  common  with  timber  in  burnettizing,  the  greener  the  wood  is,  the 
more  easily  it  is  impregnated  with  creosote.  No  difficulty  is  experienced 
in  securing  any  desired  penetration. 

MEMORANDUM    OF    EXPERIENCE    WITH   TREATED    AND    UNTREATED 

TIES. 

The  treatment  of  ties  with  preservative  substances  was  commenced 
in  Europe  as  early  as  1888,  perhaps  earlier.  Of  the  many  and  various 
materials  treated  with  on  a  large  scale,  only  about  four  seem  to  have 
been  used  to  any  considerable  extent.  These  were  sulphate  of  copper, 
bi-chloride  of  mercury,  chloride  of  zinc  and  creosote  oil,  and  of  these  four 
only  two  seem  to  have  survived  for  general  use ;  namely,  chloride  of 
zinc  and  creosote.  The  former,  on  account  of  its  comparative  cheapness, 
is  the  one  most  commonly  used. 

The  average  results  of  tie  preservation  in  Germany,  where  perhaps 
more  careful  records  have  been  kept  and  investigations  made  than  else- 
where, indicate  that  the  life  of  railroad  ties  (so  far  as  decay  is  concerned) 
is  almost  exactly  doubled  by  preserving  them. 

In  November,  1889,  a  small  number  of  burnettized  ties  were  put  in 
the  track,  in  a  gravelly  clay  roadbed,  near  Tucson,  Arizona,  and  an 
inspection  just  made,  after  four  years  and  eleven  months  of  service, 
shows  that  all  of  these  burnettized  ties  are  perfe(3tly  sound.  At  the  same 
time  and  place,  various  untreated  ties  were  put  in  the  track  adjoining 
the  burnettized  ties ;  of  these,  Truckee  white  fir  has  decayed  to  a  depth 
of  about  J  of  an  inch  on  the  under  side ;  Truckee  yellow  pine  has 
decayed  to  a  depth  of  from  1  to  3  inches  on  the  under  side ;  Truckee 
red  fir  2  inch  decayed  on  under  side  ;  Truckee  tamarack  and  Truckee 
sugar  pine  decayed  from  I2  to  3  inches  on  under  side;  Shasta  white  fir 
and  white  yellow  pine  decayed  on  under  side  from  1  to  4  inches ;  8hasta 
red  fir  decayed  on  under  side  to  a  depth  of  from  1  to  2  inches  ;  Shasta 
sugar  pine  decayed  on  under  side  to  a  depth  of  from  I2  to  2  2  inches. 
The  redwood  ties,  laid  without  tie-plates,  under  50-pound  rail,  are  per- 
fectly sound,  but  the  rail  has  cut  down  into  them  from  1  to  2  inches, 
indicating  that  the  maximum  life  for  such  ties  in  such  localities  is 
between  five  and  six  years. 

In  December,  1889,  some  burnettized  ties  were  laid  in  the  San 
Joaquin  Valley,  near  Turlock  station,  in  a  roadbed  composed  of  sandy 
loam,  under  60pound  rail.  An  inspection  made  March  1,  1894, 
after  three  years  and  four  months  of  service,  shows  a  slight  decay  on  the 
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under  side.  Of  the  ties  of  similar  timber,  but  untreated,  put  in  the 
tracik  at  the  same  time  the  burnettized  ties  were  laid,  and  adjoining 
them,  the  white  and  red  fir  were  completely  decayed  and  removed 
from  the  track  in  August,  1893,  after  three  years  and  nine  months  of 
service.  Of  the  yellow  pine  untreated  ties,  90  per  cent,  were  removed 
from  the  track  after  three  years  and  nine  months  of  service.  Of  the 
sugar  pine,  untreated,  90  per  cent,  were  rotted  down  to  the  danger  point 
and  removed  from  the  track  after  three  years  and  four  months  of  service. 
The  tamarack,  red  and  white  fir,  yellow  pine  and  sugar  pine,  from  the 
eastern  slopes  of  the  Sierras,  near  Truckee,  untreated,  are  more  or  less 
badly  decayed,  after  three  years  and  four  months  of  service,  the  indica- 
tions being  that  the  maximum  life  of  the  best  of  them  will  fall  some- 
where between  four  and  five  years.  Of  the  6  in.  x  8  in.  x  8  ft.  redwood 
ties  put  in  at  the  same  time  with  very  small  tie-plates,  all  are  sound 
after  five  years  of  service  ;  the  plates,  which  were  entirely  too  small, 
have  bent  up  considerably,  but  have  not  cut  down  into  the  ties  more 
than  ^\  of  an  inch.  The  6  in.  x  8  in.  x  8  ft.  redwood  ties  that  were 
laid  without  tie-plates  at  the  same  time,  are  cut  down  under  the 
rail  to  a  depth  of  two  inches,  leaving  only  four  inches  of  sound  wood 
under  the  rail,  and  were  removed  from  the  track  after  about  three  years 
and  nine  months  of  service. 

The  service  life  of  ordinary  redwood  ties  (which,  in  ordinary  road- 
beds, will  last  many  years  without  failure  by  decay),  is  measured  not 
by  time,  but  by  the  volume  of  tonnage  passing  over  the  rails ;  the  speed 
as  well  as  the  weight  being  a  factor  in  the  wear  in  some  proportion  not 
well  ascertained.  Under  average  conditions  of  trafiic,  redwood  ties 
eight  inches  wide  and  six  inches  thick,  laid  about  3,000  to  the  mile  of 
track,  aud  supporting  60-pound  steel  rail,  will  endure  about  13,000,000 
tons  of  cars  aud  engines  passing  over  the  track  ;  this  amount  of  traffic 
being  equal  to  nearly  30,000  trains,  each  consisting  of  a  locomotive  and 
tender  weighing  sixty  tons,  and  fifteen  cars  weighing  between  375  aud 
400  tons,  or  say  an  average  of  about  sixteen  trains  with  a  locomotive  aud 
fifteen  cars  each  per  day  for  five  years.  The  average  endurance  of 
7  in.  X  8  in.  redwood  ties  is  probably  somewhere  between  17,000,000  and 
18,000,000  tons  of  traffic.  Redwood  ties  are  usually  condemned  as 
unserviceable  when  crushed  down  so  as  not  to  leave  more  than  four 
inches  of  sound  wood  uuder  the  rail. 
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Report  of 


SOUTHERN  PACIFIC  COMPANY. 
(Pacific  System.) 
Wood  Preserving  Works. 
creosoted  at ,  189 


Retort. 


Charge  number  . 
Date  going  in  .  . 
Date  coming  out 


Time 


Load  in  at  ... 
Filling  begun  at  . 
Bath  begun  at  .  . 
Refilling  begun  at 
Pressure  begun  at 
Pressure  left  oflTat 
Load  out  at  .  .  . 
Total  time      .    .    - 


Temperature 


When  filled 

At  end  of  bath  -    .    - 
When  refilled    .    .    . 
At  end  of  pressure  .    . 
When  oil  is  let  out  . 
Of  superheated  steam 


Pressure 


At  beginning 
At  end    .    .    . 


Condensation 


Per  hour  at  beginning  of  bath 
Per  hour  at  end  of  bath  .    .    . 


Pressure  oil  taken  from 

Inches  pumped  from  measuring  tank 

Pile  numbers  inclusive 

Cubic  feet  timber 


(Signed) 


Superintendent. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works.. 


Report  of burnettized  at 


,189 


Retort. 


B. 


A. 


Charge  number 

Date  going  in 

Date  going  out 

Load  in  at 

Vacuum  begun  at  .  . 
Live  steam  begun  at  . 
Vacuum  begun  at  .  . 
Time  .  .  .  Filling  begun  at  .  .  . 
Pressure  begun  at  .  . 
Pressure  let  off  at    ■    . 

Load  out  at 

Total  time 

At  end  of  live  steam    . 

rp  .  When  filled 

lemperature     .,        .    j. 

'  At  end  oi  pressure  .    - 

When  solution  is  let  ofl" 

Pressure   .    .     ^l  beginning     .... 
At  end 

Inches  pumped  from  measuring  tank* 
Number  of  ties  in  charge     ... 
Number  of  cubic  feet  in  charge  .    .    . 


Each  inch  =  25  gallons 


(Signed) 


Superintendent. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works. 
Report  of  Inspection  of  Creosoted  Piles  and  Timber  made  at ,  189 


The  following  creosoted  piles  (or  timbers)  have  been  inspected  this  day  and 
passed  or  rejected  as  per  statement  below  : 


Piles. 


PENETRATION. 


No.  of  Pile. 


Length  Of  Pile.       *^'^PP®No!°      I       Remarks. 


Timber. 


No.  of  Pieces 


Feet  B. M 


Minimum 
Penetration. 


Shipped  in 
Car  No. 


Remarks. 


Instructions. — Inspect  for  penetration  by  boring  two  A-inch  holes  at  a  dis- 
tance of  from  10  to  15  feet  from  each  end,  according  to  length  of  stick ;  the  two 
holes  near  each  end  to  be  diametrically  opposite,  and  the  pair  on  one  end  to  be  at 
right  angles  to  that  on  the  other.  In  special  cases  other  hole.?  may  be  bored.  Care 
must  be  taken  not  to  bore  into  a  check.  After  inspection  the  holes  must  be  plugged 
with  wood  saturated  with  creosote  and  turned  to  a  driving  fit. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works. 

Report  of  tests  of  burnettized  ties  made  at 

Charge  number. 


,  189 


Tie  number. 
Thickness  of  tie. 
Width 

Length  " 

Weight  of    " 


Specimen  1  tie. 

"        2   " 


Light. 


Medium. 


(Signed) 


Superintendent. 
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DISCUSSION. 


Dr.  Meyers. — Have  any  evil  effects  been  noticed  from  cattle  lick- 
ing the  ties  and  being  poisoned  by  the  zinc  chloride? 

Mr.  Curtis. — I  have  never  heard  of  any  difficulty  of  that  kind 
either  from  creosote  or  zinc  chloride.  In  the  mercury  process  there  is  a 
great  deal  of  difficulty  of  this  kind.  It  greatly  atleeted  the  men  em. 
ployed.  All  sorts  of  expedients  were  resorted  to  in  order  to  overcome 
it.  They  dressed  in  rubber  clothes.  And  then,  when  laid  in  place,  it 
was  poisonous  to  animals. 

Mr.  Wagoner. — What  takes  place  immediately  after  the  vacuum 
has  been  made  ;  does  the  sap  run  out  of  the  ties? 

Mr.  Isaacs. — But  very  little  sap  comes  out  of  the  wood  in  the  first 
vacuum.  The  principal  object  of  the  first  vacuum  is  to  get  the  air  out 
of  the  retort  so  as  to  facilitate  the  introduction  of  steam,  and  also  to 
enable  us  to  close  the  doors  tightly.  It  is  hard  to  get  the  doors  very 
tight  unless  there  is  a  pressure  of  the  air  on  the  outside. 

Dr.  Meyers. — Do  the  borings  show  uniform  impregnation  clear  to 
the  center?     How  much  zinc  chloride  is  used  per  tie  ? 

Mr.  Isaacs. — For  thorough  impregnation  of  7  x  8  x  8  inch  ties  there 
is  required  for  the  whole  tie  0.75  pound  of  pure  chloride  of  zinc.  The 
impregnation  is  uniform  clear  to  the  center. 

Dr.  Meyers. — What  is  your  experience  with  creosote  in  getting  it 
uniformly  distributed  through  the  wood  ?  In  Germany  they  succeeded 
in  forcing  it  clear  through  the  wood,  but  the  distribution  was  not  uni- 
form, and  there  were  certain  parts  of  the  wood  that  would  contain  no 
creosote. 

Mr.  Curtis. — We  do  not  seek  to  get  the  creosote  clear  through  the 
wood.  We  are  satisfied  with  a  thorough  impregnation  in  the  outer  part 
of  the  wood.  But  it  is  important  that  all  the  wood  should  be  thor- 
oughly seasoned  and  completely  dried  out.  Our  tests  show  a  penetration 
of  about  three-quarters  of  an  inch  around  the  stick.  From  our  experi- 
ence thus  far,  this  amount  of  impregnation  seems  to  be  quite  ample  to 
protect  the  timbers  against  the  attacks  of  marine  creatures.  We  have 
to  be  careful  in  treating  the  piles  not  to  have  them  split  and  crack.  A 
party  came  to  us  and  spoke  about  a  cluster  of  piles  at  the  end  of  Clay 
Street  wharf,  and  said  the  liranoria  were  eating  them  all  up.  We  had 
the  Harbor  Commissioners  pull  one  of  the  piles  up   and   laid   on  the 
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wharf.  I  struck  it  with  an  ordinary  hatchet  and  it  split  into  two  pieces 
the  whole  length.  It  had  been  cracked  in  the  retort,  but  there  was  no 
evidence  whatever  of  its  being  touched  by  the  teredo  or  the  limnoria. 

Dr.  Meyers. — Has  your  experience  indicated  any  tendency  for 
spikes  to  draw  out  of  the  wood  on  curves  ? 

Mr.  Curtis. — We  have  had  no  trouble  of  that  kind.  Our  experi- 
ence with  preserved  wood  does  not  exceed  five  years,  and  our  experi- 
ments have  been  on  a  rather  small  scale.  It  is  the  practice  on  our 
American  roads  to  use  tie-plates  on  curves,  which  overcomes  that  diffi- 
culty. Double-spiking  the  tie  ou  the  outer  side  is  another  expedient. 
Just  what  eftect  zinc  chloride  has  on  a  spike,  in  the  way  of  corrosion,  I 
do  not  know. 

Mr.  Isaacs. — The  effect  of  zinc  chloride  on  metals  is  to  form  a 
rust,  but  it  seems  to  stop  after  it  gets  a  little  ways.  We  have  experi- 
mented with  almost  every  kind  of  paint  in  our  retorts  to  prevent  it,  but 
without  any  success.  A  coating  of  rust  will  form  about  the  thickness  of 
a  sheet  of  paper,  and  that  is  the  end  of  it.  It  stays  there  until  the  plant 
is  removed,  and  dries  out,  and  then  this  coating  is  knocked  off.  When 
we  use  the  retort  again  another  coating  will  form.  But  we  do  not  have 
any  serious  trouble  from  this  source. 

Mr.  Wagoner. — Where  do  you  purchase  the  creosote,  and  where 
is  it  made  ? 

Mr.  Curtis. — What  we  use  is  brought  from  England.  We  have 
experimented  with  American  creosote,  but  the  latter  is  not  near  as  good 
as  the  former.  To  be  efficient  it  has  to  be  of  a  certain  standard,  and  the 
American  creosote  is  not  near  up  to  the  specifications.  It  should  contain 
not  less  than  eight  per  cent,  of  tar  acid,  which  seems  to  be  sufficient  to 
coagulate  the  sap  in  the  wood,  and  twenty-five  per  cent,  of  heavy  oil. 
The  heavy  oil  seems  to  be  a  very  necessary  part;  it  gets  into  the  wood 
and  corks  it  up,  so  to  speak ;  it  completely  fills  up  the  wood. 

Prof.  Wing. — H^ve  you  any  items  as  to  the  economy  of  using 
treated  ties  ? 

Mr.  Curtis. — For  pine  ties  it  is  about  this  way  :  In  Oregon  we 
buy  them  as  low  as  20  or  21  cents;  in  Northern  California  about  26 
cents.  All  the  evidence  goes  to  show  that  by  burnettizing  them  we  can 
at  least  double  their  life.  This  process  is  now  costing  about  8  cents,  and 
we  expect  to  get  it  down  as  low^  as  7  cents  for  ties  7x8x8.  So  you 
see  this  is  a  good  economic  arrangement. 
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Mr.  Vischer. — What  is  the  relative  cost  of  creosoting  and 
buruettizing? 

Mr.  Curtis. — Creosoting  is  a  great  deal  more  expensive.  The  cost 
is  pretty  near  ten  to  one  for  the  wood  actually  treated,  but  there  is  not  the 
amount  of  penetration  in  creosoting.  We  boil  the  wood  in  creosote  oil 
until  we  have  extracted  pretty  nearly  all  the  moisture  out  of  it — we 
cook  it  out,  and  then  it  is  pretty  well  sterilized.  Then  we  put  this  pro- 
tection of  creosote  all  around  it — plug  it  up  by  the  heavy  oils,  so  the 
germs  are  not  carried  in  by  contact  with  the  air  or  the  water.  If,  on 
the  contrary,  the  timber  is  not  well  seasoned  before  creosoting,  and  if 
the  moisture  is  not  thoroughly  out  of  it,  we  have  found  quite  a  number 
of  instances  where  the  interior  is  completely  rotted  out,  leaving  a  sound 
shell  of  creosoted  wood  around  the  outside.  From  our  experience,  if  the 
work  is  thoroughly  done,  we  believe  piles  will  last  a  long  time.  They 
are  protected  and  will  last  something  in  the  same  way  as  timbers  in  a 
covered  bridge  or  in  a  house ;  they  are  protected  against  air  and  water. 

Mr.  Vischer. — The  two  processes  of  treatment  are  used  for  quite 
different  purposes  ? 

Mr  Curtis. — Yes  sir.  We  use  creosote  for  piles,  and  for  most  of  our 
timber  work.  We  use  it  for  everything  in  trestles  up  to  the  stringers, 
and  sometimes  creosote  the  stringers. 

Mr.  Wagoner. — Does  not  creosoting  make  the  timbers  more  com- 
bustible? 

Mr.  Curtis. — I  think  it  does.  However,  we  have  had  nearly  ten 
years'  experience  on  the  Atlantic  system,  but  we  do  not  know  of  a 
single  fire  that  can  be  attributed  to  the  fact  that  the  timbers  had  been 
creosoted. 

While  I  think  of  it,  I  will  mention  that  common  salt  is  a  great  pre- 
servative of  wood.  We  have  a  stretch  of  track  twelve  miles  long 
between  Wadsworth  and  Ogden  laid  on  bottom  land  on  the  edge  of  the 
great  Salt  Lake.  The  ground  is  ^oft,  and  there  is  a  good  deal  of  salt  in 
it.  The  ties  there  are  as  bright  and  fresh  as  when  they  came  out  of  the 
tree  twenty-six  years  ago.  Salt  is  very  cheap  on  the  Colorado  desert ; 
all  we  have  to  do  in  some  places  is  to  just  shovel  it  up.  There  is  a  great 
deal  of  timber  on  the  east  of  the  desert,  and  we  have  been  experiment- 
ing with  jacketing  the  timber;  making  a  hole  all  around  the  stick,  and 
tamping  salt  in  it.  It  requires  renewal  after  every  rainy  season.  We 
expect  some  very  satisfactory  results. 

Mr.  Vischer. — In  the  burnettizing  process,  Avhat  is  the  efl^ect  on  the 
wood  ?     Is  the  action  of  the  chemicals  purely  astringent  or  is  there  a 
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filling  up  of  the  pores  producing  additional  hardness  due  to  the  foreign 
matter  ? 

Mr.  Curtis. — I  think  it  is  partly  a  filling  up  and  not  purely  an 
astringent  action. 

Mr.  Isaacs. — The  wood  becomes  a  little  more  hard  and  a  little 
more  brittle.  The  tie  is  not  quite  so  strong  as  before,  but  it  is  not  suflft- 
ciently  weakened  to  injure  its  service. 

President  Grunsky. — I  am  informed  that  Dr.  Meyers  has  the 
rei<ults  of  some  experiments  in  the  vulcanizing  process.  We  would  be 
pleased  to  hear  from  him  upon  that  subject. 

Dr.  Meyers. — In  order  to  understand  the  vulcanizing  process  I 
think  we  must  look  at  it  from  a  chemical  standpoint.  The  object  of  the 
process  is  to  produce  a  change  in  the  natural  composition  of  the  wood 
itself,  instead  of  forcing  antiseptic  matter  into  it.  Wood  in  its  natural 
state  is  strongly  antiseptic  ;  it  contains  creosote,  tannin,  albumen,  etc. ; 
about  sixty  different  chemicals  in  all.  By  the  action  of  heat  its  natural 
constituents  are  changed.  It  produces  changes  in  the  pores  of  the  wood, 
and  a  chemical  change  in  the  sap  itself.  In  that  process  we  endeavor 
to  keep  the  large  antiseptic  qualities  originally  in  the  wood.  We  heat 
the  wood  to  200  and  300  degrees  Fahrenheit,  and  maintain  a  pressure  of 
about  150  pounds  to  the  inch.  The  treatment  takes  from  eight  to  twelve 
hours,  depending  upon  the  condition  of  the  timber,  and  upon  the  timber 
itself.  Dry,  compressed,  superheated  air  is  circulated  through  it,  and  after 
the  air  becomes  saturated  with  moisture,  it  is  taken  out  and  then  reheated 
and  passed  through  again.  In  that  way  considerable  moisture  is  extracted 
from  the  wood.  After  the  wood  has  undergone  treatment  its  chemical 
composition  is  entirely  different. 

This  experiment  was  tried  in  the  East  over  ten  years  ago.  At  that 
time  several  hundred  ties  were  placed  on  the  elevated  roads  in  New 
York  City,  in  company  with  other  ties  that  were  not  treated.  I  had  the 
privilege  of  examining  the  treated  ties  about  a  year  ago,  and  they  were 
still  doing  good  service,  while  the  untreated  ties,  the  Road  Master  told 
me,  had  rotted  away  and  been  removed. 

The  tests  to  which  Prof.  Wing  refers  are  tests  of  strength,  I  believe. 
I  know  the  process  has  been  accused  of  weakening  the  wood,  on  account 
of  the  amount  of  heat  used.  Out  of  curiosity  I  made  some  tests  at 
Columbia  College  of  the  strength  of  different  kinds  of  woods  after  it 
had  been  vulcanized,  and  in  its  natural  state  before  it  was  vulcanized, 
taking  each  piece  from  the  same  stick.  The  first  test  was  made  on  Nor- 
way pine.  It  broke  under  a  load  of  3,000  pounds.  It  was  placed  on 
supports  seven  feet  apart,  and  the  pressure  placed  upon  the  center.  The 
same  piece  untreated  supported  2,680  pounds.     That  shows  an  increase 
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in  strength  of  11.94  per  cent.  Cypress  broke  under  a  load  of  2,600 
pounds  ;  untreated,  under  a  load  of  1,860  pounds,  an  increase  in  strength 
of  39.8  per  cent.  I  believe  that  cypress  showed  the  greatest  increase  of 
strength. 

Treated  spruce  broke  under  a  load  of  2,780  pounds,  and  untreated 
under  2,460  pounds  ;  an  increase  in  strength  of  a  little  over  13  per  cent. 
Bass  wood  when  treated  supported  a  load  of  2,840  pounds,  and  untreated 
2,560  pounds;  an  increase  of  10.9  per  cent. 

After  that  a  larger  number  of  tests  were  made,  and  in  every  case 
there  was  an  added  increase  in  strength. 

Mr.  Curtis. — Have  you  any  figures  as  to  the  cost  of  the  vulcaniz- 
ing process  ? 

Dr.  Meyers. — I  do  not  remember  them.  I  know  they  had  a  great 
deal  of  timber  to  treat,  more  than  they  could  take  care  of.  I  think  they 
have  two  plants  now,  and  are  also  building  one  in  AYashington.  It  is  a 
patented  process.  It  is  rather  new,  and  has  been  more  experimental 
than  otherwise.  I  think  it  is  very  much  in  its  favor  that  the  Man- 
hattan Elevated  road  treats  every  piece  of  timber  it  uses  on  the  road. 
That  fact  more  than  anything  else  led  me  to  take  an  interest  in  it.  Col. 
Hunt  told  me  that  they  had  tried  every  other  process,  and  they  had 
found  this  the  most  satisfactory. 

Mr.  Wagoner. — Have  any  experiments  been  made  where  the 
wood  came  in  contact  with  the  soil  ?  Of  course  these  ties  were  used  on 
elevated  structures. 

Dr.  Meyers. — They  tried  it  in  difierent  kinds  of  soil.  I  know  of 
a  certain  tunnel  just  out  of  New  York  City,  where  wood  decays  very 
rapidly,  and  said  to  be  the  worst  place  on  the  road  for  timber.  They 
put  in  some  treated  timber  from  the  South,  which  they  said  in  its 
natural  state  was  useless  for  railway  construction,  and  it  proved  to  be 
about  as  good  as  any  wood.  It  seems  to  make  a  durable  article  out  of 
an  otherwise  uselesss  thing.  I  examined  these  ties  myself,  after  they 
had  been  in  the  ground  for  six  years.  They  still  retained  a  strong  odor 
of  the  wood,  and  were  in  very  good  condition. 

The  pieces  that  I  tested  as  to  strength  were  cut,  I  think,  by  the 
Bell  Telephone  Company,  and  were  in  the  shape  used  for  cross-poles. 
We  simply  cut  them  in  two  halves  lengthwise  ;  one  piece  we  treated, 
and  the  other  did  not. 

Mr.  Isaacs. — There  is  one  poiut  in  regard  to  creosoting  that  I 
think  has  some  bearing  on  this  vulcanizing  process.  Our  theory  is  to 
first  coagulate  the  albumen  of  the  wood  by  heat,  and  then  inject  the 
creosote.  Creosote  contains  carbolic  acid,  and  other  substances.  Dur- 
ing this  process  a  filtration  takes  place.  The  carbolic  acid  goes  in  first, 
and  that  is  followed  by  napthaline,  which  is  of  itself  a  pretty  good  anti- 
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septic,  and  is  periiianeut.  If  we  used  carbolic  acid  and  nothing  else,  in 
a  short  time  the  piles  would  be  no  longer  preserved.  This  filtration 
keeps  the  heavy  oils  near  the  surface,  and  forms  an  exterior  coat  which 
is  impervious  to  water,  and  prevents  the  washing  out  of  the  napthaline 
and  the  coagulated  albumen.  It  seems  to  me  that  one  of  the  difficulties 
in  this  vulcanizing  process  is  lack  of  sufficient  material  to  form  wood 
creosote.  The  use  of  wood  creosote,  by  the  way,  has  never  been  a  suc- 
cess. There  is  sufficient  material  in  the  wood  to  form  a  good  wood 
creosote  for  the  timber,  or  tie,  but  it  is  not  in  the  right  place — that  is  to 
say,  the  heavy  portions,  the  napthaline  portions,  and  the  other  con- 
stituents are  all  mixed  up  together.  As  far  as  we  have  investigated, 
our  arrangement  of  these  materials  is  about  right  for  the  purpose 
intended. 

Dr.  Meyers. — What  is  the  temperature  of  the  creosotiug  process? 

Mr.  Isaacs. — About  250  degrees.  I  have  tried  350  degrees 
without  apparently  injuring  the  wood  at  all,  but  not  with  pressure. 

Mr.  Vischer. — The  impression  seems  to  prevail  among  the  men 
using  the  ordinary  kiln-drying  process  with  redwood,  that  it  is  an  easy 
matter  to  use  too  much  heat,  and  thereby  make  the  wood  brittle. 

Dr.  Meyers. — It  seems  that  under  a  very  high  pressure  the  wood 
does  not  seem  to  burn  ;  it  seems  to  prevent  ignition.  It  seems  it  would 
be  an  easy  matter  to  heat  the  wood  without  the  presence  of  creosote  first, 
without  the  pressure  of  air. 

Mr.  Isaacs. — We  found  if  we  heated  it  without  creosoting,  it  took 
a  long  time  to  dry.  If  a  vacuum  is  formed  to  help  the  drying  you 
deprive  the  timber  of  any  means  of  getting  heat  except  radiated  heat. 

Dr.  Meyers. — In  the  vulcanizing  process  they  use  pressure. 

Mr.  Wagoner. — What  purpose  does  the  pressure  serve  ? 

Dr.  Meyers. — Pressure  seems  to  make  the  chemical  change  in  the 
wood  caused  by  heat  more  uniform  through  the  wood  ;  it  also  seems  to 
prevent  the  liquids  from  escaping,  and  keeps  them  more  in  a  liquid 
form  instead  of  a  gaseous  form.  I  have  often  wondered  if  it  was  not 
the  mere  heating  of  the  wood  that  preserved  it ;  just  as  in  boiling  an 
egg,  the  boiling  coagulates  the  albumen  and  preserves  it. 

Mr.  Curtis. — The  present  difficulty  in  heating  wood,  if  the  air 
surrounds  it,  is  a  tendency  to  check  the  wood  and  split  it. 

Mr.  Wagoner. — I  should  say  the  pressure  was  to  prevent  evapora- 
tion. 

Mr.  I.'^aacs. — The  pressure  is  to  keep  the  moisture  in  the  wood 
while  this  process  is  going  on. 
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COST  OF  STEAM  AND  A\  ATER  POWER  IX  MONTANA. 


Read  before  the  Montana  Society  of  Civil  Engineers,  June  8,  1895.* 


By  M.  S.  Parker,  Member  of  the  Society,  and  of  the  American  Society 
OF  Civil  Engineers. 

The  rapid  developmeut  of  mechanical  appliances  for  the  usage  of 
electrical  energy  is  working  a  wonderful  revolution  in  the  motive  power 
of  the  world.  The  controlling  of  steam  for  motive  power  is  the  result  of 
modern  investigation,  almost  within  the  memory  of  the  oldest  inhabi- 
tant. Close  upon  the  heels  of  this  discov^ery  and  its  development  to  the 
full  limit  of  perfection,  comes  this  newly  discovered  motive  power,  elec- 
tricity, and  with  each  day  are  born  new  ideas,  almost  inspired  ideas, 
one  might  say,  suggesting  more  improved  methods  for  controlling  this 
mysterious,  unanalyzed,  irresistible,  powerful  agent.  Who  can  predict 
what  the  next  century  will  bring  forth  in  the  use  of  this  mysterious 
fluid?  Judging  from  the  progress  of  investigation  for  the  past  quarter 
of  this  century,  the  result  will  far  exceed  the  most  visionary  views  of 
the  present  enthusiasts.  Engineers  are  aware  of  the  progress  being 
made  in  the  generation  and  transmission  of  electricity  for  power  pur- 
poses. The  civil  engineer  is  not  generally  an  electrician,  on  the  con- 
trary, his  knowledge  is  more  general  than  special.  The  civil  and  elec- 
trical engineers,  however,  are  closely  allied,  and  must,  in  the  future, 
work  hand  in  hand  together.  The  electrical  transmission  for  power 
is  fast  bringing  all  the  hitherto  obscure  water  powers  of  the  world  into 
commercial  importance.  The  day  is  not  far  distant  when  all  the  avail- 
able water  power  of  the  United  States,  in  'fact,  of  the  world,  will  be 
utilized  to  its  fullest  capacity. 

I  need  not  go  into  detail  as  to  progress  being  made  in  this  direction. 
This  is  known  to  all  engineers  who  are  keeping  abreast  of  the  times. 

Montana  has  extensive  opportunities  for  the  development  of  water 
power  within  her  borders,  and  the  next  decade  should  show  vast  strides 
along  the  lines  of  its  development. 

The  writer  has  given  much  attention  during  the  past  five  years  to 
the  opportunities  for  developing  water  power  in  Montana,  particularly 
along  the  course  of  the  Missouri  River,  and  must  admit  that  the  possi- 
bilities are  beyond  his  most  sanguine  expectations,  both  as  to  cost  and 
quantity  of  power.  The  deveh)pment  at  Great  Falls,  Montana,  with  which 
the  writer  has  been  connected  since  its  inception,  is  but  in  its  infancy. 
There  is  no  reason  why,  in  the  near  future,  every  town  and  mining  camp 
in  Montana  should  not  have  its  electric  power  station  supplying  all 
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power  for  lights,  street  railways,  and  the  running  of  machinery  for  all 
purposes.  In  the  opinion  of  the  writer,  steara  must  give  way  to  elec- 
tricity, and  that  soon,  especially  in  Montana,  the  State  ranking  first  in 
the  country  for  its  available  water  power.  Its  cheapness  alone  will 
force  the  result.  Coal  consumers'  boilers  will  have  to  give  way  to  water 
wheels.  The  percentage  of  loss  in  transmission  I  will  not  go  into  in 
detail  in  this  paper,  sufficient  to  say  that  the  percentage  of  loss  in  elec- 
trical transmission,  within  twenty  miles  of  distance,  is  not  greater  than  the 
ordinary  loss  by  direct  rope  transmission  from  power  station  to  works, 
1,000  feet  distant.  Late-long  distance  transmission  of  electricity  for 
power  experiments  are  highly  satisfactory.  The  object  of  this  paper  is 
simply  to  lay  before  the  Society  a  few  tables  prepared  by  the  writer 
showing  relative  cost  of  steam  power  as  compared  with  Avater  power  in 
Montana.  Such  data  is  constantly  needed  by  the  engineer,  and  it  is  a 
duty  that  one  owes  to  the  profession  to  record  whatever  may  be  of  inter- 
est to  its  members.     The  following  tables  will  explain  themselves  : 

TABLE  NO.  1. 
Compound  Engine. — All  Steam  Charged  to  Poweb. 
Table  showing  ordinary  running  daily  and  yearly  expenses  500  H.  P.  Plant. 


Cost  of  Coal   per   long  ton 
2240  lbs. 

Pounds  of 
coal    per 
IL  P.  per 
hour. 

Cost  of 

coal  per 

H.   P.  per 

day. 

Boiler  at- 
tendance 
perH.  P. 
per   day. 

Engine  at- 
tendance 
per  H.  P. 
per  day. 

Oil   waste 
and  sup- 
plies per 
H.  P.  per 
day. 

Total 
daily    ex- 
pense 
1   H.  P. 

Total 
yearly 

expense, 
365  days, 

1  H.  P. 

■^  ( lOf  hours  per  day 

5.6 

Cents. 

4.48 

Cents. 
0.6 

Cents. 
0.75 

Cents. 
0.3 

Cents. 

6.13 

$22.37 

o?|24        "        "     " 

5.6 

10.47 

1.54 

1.50 

0.7 

14.21 

51.86 

^  r 101    "     "   " 

5.6 

5.17 

0.6 

0.75 

0.3 

6.82 

24.89 

§(24        "        "     " 

5.6 

12.09 

1.54 

1.50 

0.7 

15.83  ' 

57.78 

^|101      "      ."    " 

5.6 

7.46 

0.6 

0.75 

0.3 

9.11 

33.25 

si  24        "        "     " 

5.6 

16.47 

1.54 

1.50 

0.7 

20.21 

73.76 

^rioi    "     "   " 

5.6 

10.33 

'0.6 

0.75 

0.3 

11.98 

42.93 

Si  24        "        "     " 

5.6 

24.19 

1.54 

1.50 

0.7 

27.93 

101.94 

This  table  is  based  on  the  consumption  of  Sand  Coulee,  Montana,  slack  coal, 
tested  at  the  Silver  Smelter  at  Great  Falls,  Montana,  on  twenty-four  hour-run  pur- 
posely, without  extra  precaution,  to  ascertain  amount  of  coal  consumed,  using 
three-quarter-inch  grate  bars,  60x16  feet  tubular  boilers.  Result:  5/^  lbs.  per 
hour  per  horse-power.  A  200-horse-power  compound  engine  at  Silver  Smelter  costs 
$64  per  horse-power  per  year,  as  I  was  informed  by  an  engineer  who  made  the  esti- 
mate two  or  three  years  since.  I  think  the  figures  about  right  for  present  condi- 
tions. The  smaller  the  horse-power  of  the  plant  the  larger  the  expense  per  horse- 
power proportionately. 
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TABLE  No.  3. 
Showing  Yearly  Expense  op  Water  Power  per  H.  P.  on  Wheel  Shaft. 


HORSE-POWER. 


5  c^ 


a        s.-  2, 


^  I 
■So 


.Seo" 


o  c«o 
.2  =« 


3,636  net  H.  P.    .    .    .  j  $52.00     $4.16    $0.78    $1.04    $1.04    $.255    $9.57  j  $34,796 

I  i 

7,200  net  H.  P.    .    .    .      35.00       2.80      0.525    0.70      0.70      2.55      7.27j|    52.370 


The  above  table  is  arranged  from  the  writer's  note-book.  Number  of  horse- 
power and  cost  from  actual  verified  estimates  in  two  instances  that  the  writer  has 
planned. 

In  couclusiou  it  may  not  be  amiss  to  mention  some  of  the  noted 
water-powers  of  the  country,  giving  their  capacity  and  charges  for 
power : 

Holyoke,  Mass., 12,260     H.  P.     Gross  Power 

Manchester,  N.  H., 12,000 

Lowell,  Mass., 11,845 

Lewiston,  Maine, 11,000 

Lawrence,  Mass., 10,900 

Cohoes,  N.  Y., 6,560 

Minneapolis,  Minn., 9,200 

Great  Falls,  Mont., 

Black  Eagle  Falls, 18,200 

Niagara  Falls, ]  00,000 

These  amounts  are  closely  the  minimum  figures  for  power — gross 
horse-power.  The  net  power  is  about  20  per  cent,  less  on  the  wheel 
shaft. 

Various  charges  for  water-power  at  Manchester,  Lowell,  Lawrence, 
Minneapolis  ;  a  few  places  from  the  above  list  are  as  follows :  Manches- 
ter, about  S300.00  per  mill  power  for  original  purchase,  S2.00  per  day 
for  surplus  per  mill  power.  Lowell,  about  $300.00  per  mill  power  for 
original  purchase,  $2.00  per  day  per  mill  power  during  back  water,  $4.00 
per  day  per  mill  power  for  surplus  under  40  per  cent.,  $10.00  per  day 
per  mill  power  over  40  per  cent,  and  under  50  per  cent.,  $20.00  per  day 
per  mill  power  for  surplus  over  50  per  cent.,  $75.00  per  day  per  mill 
power  for  any  excess  over  limitation,  100  per  cent.  Lawrence,  about 
$300.00  per  mill  power  for  original  purchase,  and  about  $1,200  for  new 
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leases  per  luill  power.  At  the  above-named  places  a  mill  power  is 
equivalent  to  65  horse-power  on  the  wheel  shaft.  The  charges  for  sur- 
plus water  in  the  before-mentioned  instances  amounts  to  about  the  same 
thing  at  the  different  places.  At  Minneapolis,  a  more  modern  water- 
power,  the  mill  power  is  equivalent  to  50  horse-power  on  the  wheel 
shaft  and  is  charged  for  at  the  rate  of  $1,200  per  mill  power.  The 
charges  for  power  at  all  the  above-mentioned  places  is  about  the  same 
for  new  leases,  and  amounts  to  nearly  $25.00  per  horse-power  per  year 
for  24-hour  runs.  I  learn  that  the  Niagara  Power  Company  has 
leased  power  in  large  amounts  as  low  as  $8.00  per  horse-power  per  year 
in  5,000  horse-power  leases.  The  Eastern  powers  are  based  upon  ten 
hours  per  day  run. 

The  surplus  is  the  accumulation  of  water  in  storage  pond,  enabling 
the  extra  running  of  wheels.  With  the  figures  for  cost  of  steam  power 
at  hand  it  is  a  simple  calculation  to  determine  as  to  the  worth  of  water- 
power.  The  original  cost  of  development  of  the  power  together  with 
the  resulting  power,  determines  its  commercial  value  as  compared  with 
steam. 
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Read  before  the  Boston  Society  of  Civil  Engineers,  May  15,  1895.* 


By  J.  Parker  Snow,  Member  of  the  Society.! 

The  subject  of  iron  and  steel  bridges  has  been  quite  extensively 
written  up  in  our  technical  literature  during  recent  years,  but  wooden 
bridges  are  seldom  discussed,  and  when  mentioned,  are  generally  treated 
as  temporary  structures  or  excuses  offered  for  their  use.  The  building 
of  such  bridges  is,  however,  a  live  business  on  the  Boston  and  Maine 
Railroad,  although  the  impression  seems  to  be  prevalent  in  many  quar- 
ters that  such  construction  is  obsolete  and  out  of  fashion. 

This  paper  is  offered  to  describe  the  present  practice  in  wooden 
bridge  construction  on  the  above-named  railroad,  and  if  not  considered 
as  in  line  with  present  approved  practice  elsewhere,  may  at  least  have 
some  interest  as  a  history  of  one  branch  of  the  bridge-building  art. 

On  the  system  operated  by  the  Boston  and  Maine  there  are  1,085 
wooden  bridges  of  all  kinds  in  a  total  of  1,561.  This  number  covers 
overhead  as  well  as  track  bridges  and  includes  everything  of  6  feet  clear 
opening  and  upwards,  except  stone  box  culverts.  The  proportion  of 
wooden  bridges  grows  less  each  year,  although  more  than  half  of  the 
new  structures  built  to  replace  old  bridges  are  built  of  wood. 

The  types  most  commonly  used  for  new  work  are  pile  trestles,  plain 
stringer  bridges,  compound  stringers  made  of  timbers  keyed  together 
to  get  greater  depth  than  is  possible  with  single  sticks,  pony  trusses  of 
the  Queen  post  and  Howe  type,  and  Town  lattice  bridges.  At  the 
present  prices  of  iron  bridges  Howe  trusses  of  considerable  span,  if 
built  in  first-class  shape  of  Southern  pine  timber,  cost  almost  exactly  the 
same  as  iron  ones  and  consequently  are  practically  ruled  out.  A  con- 
siderable number  of  stringers  trussed  with  rods  beneath  are  in  existence, 
but  are  seldom  built  at  the  present  time. 

Spruce  timber  is  used  for  all  parts  of  Town  lattice  bridges,  and  for 
caps,  stringers  and  ties  in  many  trestles  and  plain  stringer  bridges  on 
Northern  lines.  On  lines  south  of  Central  New  Hampshire,  however, 
Southern  pine  is  almost  invariably  used.  Spruce  is  sufficiently  durable 
when  roofed  in,  and  on  account  of  its  lightness  is  much  better  than 
Southern  pine  for  lattice  trusses,  but  its  softness  and  tendency  to  warp 
and  the  difficulty  in  getting  sticks  of  sufficient  length  make  it  unsuited 
for  Howe  truss  Avork  of  magnitude.  For  bottom  chords  of  lattice  bridges 

*  Manuscript  received  June  4,  1895. — Secretary,  Ass^n  of  Eng.  Socs. 
t  This  paper  was  printed  in  the  Journal  for  June,  1895,  but  with  some  of  tlie 
matter  transposed.     It  is  accordingly  reiirinted  liere. — Secretary,  Ass'n  of  Eng.  Socs. 
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of  over  100  feet  spau,  recourse  must  be  had  to  Southern  pine  also  on 
account  of  the  difficulty  in  getting  spruce  of  the  requisite  length.  Tam- 
arack, oak  and  chestnut  are  used  for  piles  in  trestles. 

The  life  of  sawed  spruce  exposed  to  the  weather  is  but  about  six  or 
seven  years.  Southern  long-leaf  pine  of  prime  quality  in  similar  condi- 
tions is  reliable  for  twelve  to  fourteen  years.  When  covered  in  and  well 
ventilated  and  kept  free  from  accumulations  of  dirt,  either  timber  will 
last  forty  to  fifty  years.  Sawed  chestnut  for  ties,  stringers,  etc.,  is  about 
intermediate  in  durability  between  spruce  and  hard  pine.  It  has  been 
used  for  bridge  timber  on  the  Southern  lines  of  the  system  considerably 
in  years  past,  but  is  not  so  used  now  and  is  not  recommended. 

Tamarack  piles  in  dry  land  trestles  will  last  eight  to  ten  years, 
chestnut  and  oak  of  good  quality  fifteen  to  twenty. 

The  loads  used  in  calculating  new  wooden  bridges  are  somewhat 
lighter  than  the  standard  used  for  those  of  iron.  It  is  thought  that 
wooden  bridges  are  necessarily  of  a  less  permanent  character  than  iron 
ones  and  that  within  their  natural  life  the  weight  of  rolling  stock  will 
not  increase  so  much  above  what  it  is  at  present  as  may  occur  in  the  life 
of  an  iron  bridge;  again,  if  wooden  bridges  are  found  to  be  too  light  for 
future  loads,  they  can  be  strengthened,  or  supported  on  trestle  bents 
much  better  than  iron  ones,  and  a  wooden  bridge,  like  a  piece  of  masonry, 
will  give  abundant  notice  of  distress  before  it  will  fail  entirely.  The 
governing  reason  for  building  wooden  bridges  instead  of  iron  ones  alto- 
gether is,  of  course,  their  less  first  cost,  and  if  the  full  standard  load  for 
iron  bridges  was  used  in  designing  them  this  element  of  advantage  would 
be  reduced  and  they  would  be  no  more  serviceable  or  satisfactory  for 
present  use  than  if  designed  for  the  lighter  load.  The  load  used  is  a 
train  of  consolidation  engines  weighing,  each,  with  tender,  172,000 
pounds,  with  24,000  pounds  on  each  driving  axle,  or  80,000  pounds  on 
two  axles,  seven  feet  apart.  This  is  somewhat  in  excess  of  engines  in 
use  at  present  on  this  system,  and  although  considerably  lighter  than 
the  load  used  in  designing  iron  bridges,  the  considerations  given  above 
seem  suflScient  to  justify  its  use. 

The  usual  unit  strains  used  are,  for  Southern  pine  1,000  pounds  per 
square  inch  direct  tension  and  800  compression ;  the  latter,  of  course, 
reduced  for  ratio  of  length  to  diameter.  For  spruce  this  unit  is  taken  at 
650  compression  and  800  tension.  For  fiber  strain  in  stringers  and  beams 
the  unit  is  1,200  pounds  per  square  inch  for  both  hard  pine  and  spruce. 
The  reason  for  adopting  this  figure  for  spruce  is  that  in  exposed  situations, 
as  is  the  case  with  stringers,  the  life  of  spruce  is  so  short  that  it  is  a  waste 
of  material  to  provide  for  the  much  talked  about  increase  in  engine  loads, 
and  while  sound,  this  unit  gives  a  very  satisfactory  bridge.  For  com- 
bined transverse  and  longitudinal  strain  two-thirds  of  the  former  is  added 
to  the  latter  and  800  pounds  used  as  the  unit.     Longitudinal  shear- 
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ing  is  kept  below  80  pounds  per  inch  and  transverse  crushing  on  hard 
pine  from  350  to  400  pounds  per  square  inch,  depending  on  whether  the 
whole  width  of  the  stick  is  covered  or  only  a  small  area. 

These  unit  strains  are  used  for  new  work ;  an  old  bridge  will,  how- 
ever, stand  up  and  carry  its  load  when  the  computed  strains  in  some 
parts  are  very  high.  Of  the  three  classes  of  bridges  built  twenty  years 
ago,  iron  pin,  iron  riveted  and  wooden,  all  of  which  figure  equally  near 
the  danger  limit,  common  prudence  will  select  the  pin  bridge  as  the  first 
one  to  be  removed,  the  riveted  one  next  and  the  wooden  one,  if  sound, 
last. 

The  cost  of  bridges  for  single  track  of  120  feet  span  will  compare 
something  as  follows : — Iron  85,300.  Howe  truss  of  Southern  pine  and 
iron  angle  blocks  85,000,  and  spruce  lattice  83,500.  Below  this  span, 
the  advantage  of  wooden  bridges  over  iron  ones  in  point  of  cost  will 
increase  and  above  it  the  advantage  rapidly  reduces  to  nothing. 

The  standard  spacing  of  bents  in  pile  trestle  bridges  is  15  feet. 
Solid  caps  drift-bolted  to  the  piles  and  girder  caps  with  riders  are  used 
indiscriminately,  the  former  being  the  cheaper  and  the  latter  making 
the  most  rigid  structure.  The  stringers  used  on  these  trestles  are  for 
single  track,  two  8"  x  16"  under  each  rail  and  one  of  the  same  dimen- 
sions on  each  side  placed  10  feet  apart  from  outside  to  outside.  The 
stringer  sticks  are  30  feet  long,  laid  to  break  joints ;  the  two  sticks  under 
each  rail  are  spaced  2"  apart  by  cast  iron  spool  separators  and  f "  bolts, 
four  at  each  cap.  The  stringers  are  secured  to  the  caps  by  drift  bolts. 
The  floor  consists  of  ties  6"  x  8"  x  12  feet  long,  laid  4"  apart  in  the  clear. 
Tie  spacers  6"  x  8"  are  placed  flat  on  the  ends  of  these,  notched  down  one 
inch  and  bolted  to  every  fourth  tie.  These  bolts  have  a  round  burr 
washer  under  the  head  on  top  and  a  Warren  nutlock  for  washer  at  the 
lower  end.  The  floor  is  kept  in  line  by  occasional  lining  spikes  or  drift 
bolts  through  the  ties  into  the  side  stringer. 

The  tie  floor  above  described  is  standard  for  all  wooden  bridges ;  it 
is  shown  in  cross-section  Fig.  1.    In  designing,  the  ties  are  considered  as 
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Fig.  1.    Stan'dard  Trestle  ;  15  Ft.  Bent. 

distributing  the  load  so  that  80  per  cent,  is  carried  by  the  main  stringers 
and  20  per  cent,  by  the  side  ones.     The  continuity  of  the  stringer  sticks 
over  two  spans  is  considered  as  reducing  the  moment  of  the  load  at  the 
centre  of  span  by  10  to  12  per  cent. 
3 
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Plain  stringer  bridges  are  built  the  same  as  above  described  for 
trestles,  except  as  the  stringers  do  not  have  the  advantage  of  continuity 
over  supports,  the  sections  must  be  larger  for  similar  spans.  The  depths 
of  the  sticks  should  not  be  less  than  -^^  to  -^^  the  span. 

When  the  span  becomes  too  great  for  merchantable  depths  of  tim- 
ber, or  convenient  thicknesses,  recourse  is  had  to  keyed  stringers.  These 
are  made  by  placing  one  stick  on  top  of  another  and  framing  cast-iron 
keys  between  them,  as  shown  in  Fig.  2.  A  vertical  bolt  at  each  key 
prevents  the  timbers  from  separating. 
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These  keys  are  proportioned  for  the  longitudinal  shear,  and  hence 
the  total  depth  of  the  compound  stick  can  be  used  in  computing  its 
moment  of  resistance.  The  keys  are  cut  H"  into  each  upper  and  lower 
stick,  and  an  attempt  is  made  to  distribute  them  according  to  the  inten- 
sity of  the  shearing  strain ;  but  near  the  ends  of  the  stringer  a  strict 
adherence  to  this  requirement  would  bring  them  so  near  together  in 
some  cases  that  the  daps  might  split  out.  With  notches  1 5"  deep,  it  is 
desirable  that  they  should  be  at  least  18"  apart.  The  quantity  of  longi- 
tudinal shear  at  the  neutral  axis,  between  any  point  and  the  end  of  a 
beam,  is  a  function  of  the  fiber  strain  at  that  point ;  being  equal  to 

"ji^Ji  when  b.  is  the  breadth,  d.  the  depth  and/,  the  extreme  fiber  strain. 
4 

A  convenient  way  to  locate  the  position  of  the  keys  is  to  draw  a  line 

the  ordinates  of  which  represent  the  moment  of  the  load  and  lay  off  to 

some  convenient  scale,  —,'^'  as  an  inclined  ordinate  at  the  center  of  this 
4 

curve.  Now,  beginning  at  the  base,  space  off  on  this  inclined  line  the  value 


WOODEN  BRIDGE  CONSTRUCTION.  35 

of  each  key,  aud  draw  horizontals  through  the  points  of  division  ;  these 
horizontals  will  cut  the  moment  curve  into  spaces  showing  the  proper 
field  for  each  key.  The  friction  between  the  two  sticks,  induced  by  the 
load  aud  by  the  grip  of  the  vertical  bolts,  helps  to  resist  the  longitudinal 
shear,  and  a  proper  proportion  can  be  added  to  the  value  of  the  key 
when  spacing  off  the  inclined  ordinate. 

These  stringers  require  considerably  more  material  than  trusses  of 
equal  strength,  but  the  labor  on  them  is  small  and  they  can  be  put  in 
place  and  prepared  for  the  passage  of  trains  in  much  less  time  than 
trusses.  This  latter  quality  is  of  great  importance,  aud  should  be  given 
more  attention  by  bridge  designers  than  it  generally  receives.  This 
style  of  bridge  works  in  with  the  ordinary  trestle  spans  very  conveni- 
ently when  it  is  desired  to  make  a  wide  opening  for  a  runway  for  ice  or 
logs,  or  for  a  highway  underpass.  The  lower  stick  of  the  compound 
stringer  is  extended  beyond  the  upper  one  to  furnish  a  seat  for  the  regu- 
lar stringers  of  adjacent  bents.  In  cases,  too,  where  the  trestle  bents  are 
high  and  expensive  it  will  lessen  the  cost  of  the  structure  to  make  alter- 
nate spans  compound  or  keyed  stringers.  This  style  of  bridge  is  avail- 
able up  to  clear  spans  of  30  feet. 

Pony  trusses  are  used  for  spans  between  30  and  60  feet,  generally  of 
the  Howe  type.  For  overhead  highway  bridges  requiring  trusses  modi- 
fied pony  Howe  trusses  are  used  almost  exclusively.  For  these  latter 
and  for  track  bridges  it  is  altogether  better  to  use  floor  beams,  distribu- 
ted along  the  chord  about  2?  feet  apart,  rather  than  to  concentrate  the 
load  at  panel  points  by  means  of  stringers  carrying  the  load  to  large 
floor  beams,  as  is  done  in  iron  bridges,  and  it  is  generally  best  to  hang 
the  floor  beams  below  the  chord.  If  the  plank  floor  of  highway  bridges 
is  laid  directly  on  these  cross  floor  beams  it  brings  the  plank  parallel  to 
the  line  of  travel  ;  this  is  considered  objectionable,  and  hence  longitu- 
dinal spiking  joist  or  stringers,  4  to  6  inches  thick,  are  laid  on  the  cross 
floor  beams  and  the  plank  spiked  to  these.  On  bridges  carrying  light 
traffic  a  single  3"  floor  is  used,  but  where  the  travel  is  heavy  it  is  eco- 
nomical to  use  a  double  floor,  generally  2"  below  aud  3"  for  wearing 
surface.  The  under  plank  lengthens  the  life  of  the  floor  very  consider- 
ably by  keeping  it  safe  for  a  long  time  after  the  corners  of  the  upper 
plank  have  worn  through. 

Railroad  bridges  of  this  class  should  always  have  the  top  chords  stayed 
against  side  motion,  as  shown  in  Fig.  3,  and  it  pays  to  protect  the 
trusses  from  the  weather  by  sheathing  and  roofing  them  in. 

For  spans  greater  than  is  desirable  for  pony  trusses  the  Town  lattice 
built  mostly  of  spruce  is  our  only  resource.  As  before  stated,  Howe 
trusses  of  Southern  pine  cost  almost  as  much  as  iron  bridges  at  present 
prices.     Spruce,  the  only  available  timber   growing  in  the   region   in 
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which  these  bridges  are  used,  is  not  well  adapted  to  Howe  truss  work,  but 
is  excellent  for  lattice  bridges.  This  style  of  bridge  seems  never  to  have 
been  developed  to  much  extent  outside  of  New  England,  and  it  is  fre- 


FiG.  3.    Sway  Bracing  foe  Pony  Trusses. 

quently  referred  to  as  peculiarly  unscientific  and  wasteful  of  timber.  It 
is,  however,  the  best  of  the  purely  wooden  bridges,  and  its  present  sur- 
vival here  and  its  economy  over  all  other  types  disproves  its  wasteful- 
ness. These  trusses  should  always  be  built  double,  that  is,  with  two 
webs  like  a  box  girder.  Single  web  trusses  can  be  made  strong  enough 
up  to  80  feet  span,  but  they  do  not  stand  so  steadily  or  keep  in  line  so 
well  as  those  with  double  web.s.  The  distance  between  the  webs  is 
immaterial,  but  is  generally  made  equal  to  the  thickness  of  two  chord 
plank,  from  6  to  8  inches.  Outside  of  the  webs,  it  is  not  deemed  advis- 
able to  use  more  than  three  thicknesses  of  plank  on  each  side ;  this  con- 
fines the  chord  to  8  planks,  and  as  this  is  generally  not  sufficient  to  give 
the  requisite  strength,  a  second  chord  is  added  at  the  second  web  inter- 
section. These  second  chords  serve  not  only  to  carry  chord  strain,  but 
also  to  stiffen  the  diagonals  and  to  assist  the  outer  chords  to  distribute 
the  shear  between  the  tension  and  compression  members  of  the  web. 

The  chord  strength  of  these  trusses  is  computed  by  assuming  the  dis- 
tance between  the  centers  of  outer  chords  as  the  eflfective  strain  depth 
of  the  truss,  and  reducing  the  section  of  the  inner  chords  in  the  ratio  of 
the  squares  of  their  distances  from  the  neutral  axis.  In  the  case  shown 
on  the  inset  this  ratio  would  be  nine-sixteenths.  In  several  bridges  of 
this  type  now  standing  on  the  Boston  and  Maine  road,  built  in  former 
years,  there  are  three  sets  of  chords,  but  the  third  choi'd  has  but  little 
theoretical  value,  and  judging  by  the  amount  that  the  joints  are  pulled 
they  assist  but  little  in  carrying  the  chord  strain.  The  proper  arrange- 
ment of  the  breaks  in  the  planks  of  the  lower  chord  affects  the  strength 
of  the  whole  much  the  same  as  the  arrangement  of  eyebars  aflfects  the 
strength  of  pins  in  an  iron  bridge. 

In  bridges  of  125  feet  span  and  upwards  it  becomes  necessary  to 
fasten  the  abutting  ends  of  the  chord   plank  together  and  the  device 
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shown  on  the  inset  is  used  for  this  purpose.  The  gib-bars  are  wrought 
iron,  varying  in  section  with  the  thickness  and  width  of  plank  to  be 
joined;  hexagon  nuts  are  used  on  the  yoke  rods  so  as  to  necessitate  as 
little  cutting  of  the  chord  stick  as  possible.  A  ribbon  is  sometimes  put 
between  the  webs  at  the  middle  height  of  the  truss,  as  shown  in  the 
inset,  with  the  idea  of  stiffening  the  web  and  preventing  vibration. 

The  shear  is  assumed  to  be  uniformly  distributed  over  all  the  web 
planks  cut  in  a  given  section.  The  members  are  so  thoroughly  pinned 
together  that  they  cannot  possibly  act  as  single  independent  systems  to 
be  separately  calculated  as  is  advocated  in  some  text-books,  but  the 
strain  must  be  equalized  throughout  a  vertical  section  much  as  would  be 
the  case  with  a  solid  web. 

A  lattice  truss  should  extend  well  on  to  the  masonry.  For  reasons 
connected  with  the  proper  construction  of  the  floor  this  extension  on  the 
abutment  should  be  about  one  and  one-half  panels  ;  a  solid  bolster 
should  be  placed  under  the  chord  for  this  distance  and  under  this  should 
be  the  cross  wall  blocking.  The  compression  diagonals  near  the  end  of 
the  truss  deliver  their  shear  to  very  short  tension  members  ;  the  fasten- 
ings of  these  do  not  seem  to  be  able  to  carry  the  load  delivered  to  them, 
and  the  bolster  is  needed  to  help  take  the  thrust  of  the  compression 
members  direct.  Many  old  bridges  built  probably  without  much 
knowledge  where  the  maximum  shear  occurs  have  failed  by  having  the 
bottom  chord  split  down  or  literally  sheared  at  the  edge  of  the  wall 
plate  by  this  action.  Proper  bolsters  would  have  largely  prevented 
this.  It  is  the  custom  now  to  put  solid  posts  between  the  webs  at  the 
end  and  second  panel  points  extending  the  whole  depth  of  the  truss. 
These  cut  through  the  two  middle  plank  of  the  chords  and  would  endanger 
shearing  the  bottom  chord  if  the  bolster  did  not  extend  beyond  the  cut- 
off. These  solid  posts  furnish  a  substantial  supjiort  to  pin  the  short  ties 
to  and  to  receive  the  compression  members  which  do  not  reach  the 
bottom  chord.  None  of  the  trusses  built  in  this  way  have  shown  indica- 
tions of  weakness  in  the  way  explained  above.  The  panels  should  be 
between  4  feet  and  4?  feet  and  the  web  plank  should  be  given  inclina- 
tions of  nearly  60°  with  the  horizontal. 

The  pins  used  in  these  bridges  are  2"  oak.  They  should  be  of  well' 
seasoned  timber,  and  should  be  carefully  turned  so  as  to  drive  tightly 
when  the  bridge  is  erected.  Much  depends  on  the  pins.  In  old  and 
weak  bridges  the  pins  are  frequently  found  much  distorted.  In  heavy 
trusses  all  plank  must  be  at  least  12"  wide  in  order  to  take  four  pins  at 
the  chord  intersections.  At  the  web  crosses  two  only  are  used.  At  all 
chord  intersections  and  some  in  the  web  a  f  bolt  is  used  to  hold  the 
plank  firmly  together.  This  bolt  is  deemed  of  great  importance  from 
its  preventing  the  plank  from  opening,  which  would  greatly  increase  the 
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leverage  on  the  pins.  It  is  possible  that  iron  pins  perhaps  of  heavy  pipe 
rather  than  solid  bars  would  mark  an  advance  over  the  present  practice, 
but  they  have  not  yet  been  tried  so  far  as  the  writer  is  aware. 

The  floor  beams  in  these  bridges  are  at  present  invariably  hung 
below  the  chord,  two  beams  per  panel.  The  ends  of  the  web  plank  pro- 
jecting below  the  chord  are  cut  into  to  allow  space  for  each  floor  beam. 
They  are  hung  by  bolts  passing  through  the  open  spaces  in  the  chord 
and  through  washer  blocks  on  top  of  same. 

The  lateral  bi-acing  is  the  Howe  system,  that  for  the  lower  chord 
being  laid  directly  on  top  of  the  floor  beams,  and  the  stringers  cut  over 
it;  5"  by  8"  to  12"  is  the  size  generally  used.  The  main  stringers  under 
the  rail  are  10"  by  10"  and  the  side  stringers  6"  by  10". 

The  load  used  for  floor  beams  is  5,500  pounds  per  lineal  foot  of  track, 
which  is  assumed  to  cover  both  the  live  and  dead  loads.  Eighty  per 
cent,  of  this  is  assumed  to  be  on  the  main  stringers  and  20  per  cent,  on 
the  side  ones.  The  clear  width  in  these  bridges  is  15  feet.  This  makes 
the  effective  length  of  floor  beams  18  feet  or  more  and  calls  for  sticks  so 
large  that  it  is  best  to  use  Southern  pine  for  them.  Spruce  can  be  readily 
obtained  of  sufficient  size,  but  when  so  large  and  in  so  exposed  a  situa- 
tion it  twists  and  checks  badly.  Southern  pine  is  used  also  for  bottom 
chord  plank  for  spans  greater  than  100  feet,  and  should  always  be  used 
for  bolsters  and  wall  plates.  The  stone  parapets  of  all  through  wooden 
bridges  are  brought  in  so  as  to  be  flush  with  the  face  of  the  abutment 
(see  inset).  This  serves  to  protect  the  timber  floor  from  the  weather, 
obviates  the  large  anKjunt  of  blocking  needed  on  the  stonework  when  it 
is  not  so  done,  and  shortens  the  bridge  floor. 

Lattice  bridges  are  built  on  the  Boston  &  Maine  Railroad  as  above 
described  up  to  150  feet  clear  span.  They  are,  however,  rather  unAvieldy 
at  this  length  and  it  is  preferred  for  spans  above  125  feet  to  build  them 
with  an  arch  inserted  between  the  webs.  These  arches  are  built  up  to  the 
required  section  with  2"  or  3"  plank  and  bolted  to  the  trusses  at  every 
lattice  cross  which  comes  in  contact  with  the  arch.  They  abut  against 
the  stonework  below  the  lower  chord  on  large  Southern  pine  skew-backs 
scribed  to  the  stone.  The  skew-backs  are  mortised  out  in  steps  to  receive 
the  square  ends  of  the  planks.  The  planks  of  the  arches  are  well  spiked 
when  laid  and  radial  bolts  are  freely  used  to  bind  them  well  together. 
The  load  is  brought  upon  the  arch  by  vertical  rods  passing  through  the 
arch  and  down  through  the  lower  chords  and  floor  beams. 

The  arch  is  proportioned  to  carry  its  own  weight  and  the  whole  live 
load  on  the  bridge.  The  trusses  are  made  of  the  same  section  as  those 
of  one  half  the  span  which  have  no  arch.  These  compound  bridges  are 
very  satisfactory,  being  rigid  under  traffic  and  of  more  pleasing  appear- 
ance than  when  built  without  arches.     They  are  also  much  more  econo- 
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mical  of  timber  than  simple  trusses  for  the  reason  that  the  arch  uses 
timber  wholly  in  compression,  in  which  condition  the  entire  section  is 
available ;  whereas  when  timber  is  called  upon  to  act  in  tension  a  large 
portion  of  the  section  must  be  wasted  in  making  the  connection. 

In  order  to  secure  a  satisfactory  track  surface  after  several  years' 
use,  thei'e  must  be  considerable  camber  framed  into  lattice  bridges.  For 
trusses  without  arches,  there  should  be  1"  for  each  25'  of  span  and  for 
those  with  arches  1"  for  about  87 i'  of  span. 

The  lattice  bridge  has  been  described  thus  at  length,  partly  because 
it  has  not  been  so  fully  treated  as  other  styles  in  technical  literature,  and 
because  it  is  the  only  kind  that  can  be  built  in  competition  with  iron  at 
present  prices.  On  the  Boston  &  Maine  system,  there  are  many  Howe 
and  Pratt  bridges,  a  few  Burr,  Briggs  and  Child's  trusses  and  many  of 
mongrel  type;  but  the  Town  lattice  has  a  large  plurality  over  any  other 
kind  and  there  seems  to  be  ample  and  good  reasons  for  its  natural  sur- 
vival. 

These  bridges  as  built  to-day  are,  in  all  their  important  details, 
direct  descendants  of,  and  very  near  kin  to,  those  built  in  years  past  by 
the  bridge  carpenters  of  Northern  and  Central  New  England.  Those 
built  by  David  Hazelton  and  his  men  furnish  the  basis  of  the  present 
practice  on  this  road  and  although  they  were  built  without  engineering 
advice,  they  bear  analysis  well,  with  the  possible  exception  of  the  bottom 
chords. 

It  has  come  within  the  observation  of  the  writer  many  times  that 
when  an  intelligent  master-carpenter  has  had  the  care  for  a  term  of 
years  of  a  line  of  wooden  bridges  covering  any  given  style  of  truss,  he 
gradually  brings  their  parts,  when  building  new  ones,  to  almost  the  exact 
size  called  for  by  scientific  analysis  when  actual  loads  are  used  in  calcu- 
lation. He  will  use  iron  rods  that  are  too  small  for  they  show  him  no 
distress  unless  they  break,  but  the  timber  parts  guide  him  to  right 
results. 

It  is  this  property  of  a  timber  bridge,  its  certainty  of  giving  warning 
of  approaching  weakness,  that  has  kept  the  record  of  wooden  truss  bridges 
so  clear  from  fatal  disasters.  It  is  not  reasonably  safe  to  use  a  light  iron 
bridge  until  it  is  worn  out,  but  a  wooden  one  may  be  used  till  its  dete- 
rioration is  rapidly  approaching  the  end.  Neither  is  it  safe  to  entrust 
light  iron  bridges  wholly  to  the  care  of  workmen  not  technically  educated ; 
the  timber  parts  of  Avooden  ones  may  be. 

It  is  no  part  of  the  intention  of  this  paper  to  advocate  building 
Avooden  bridges  instead  of  properly  designed  iron  ones,  but  rather  to 
describe  the  favorite  styles  now  used  on  those  parts  of  the  Boston  &  Maine 
Railroad  where  wooden  bridges  prevail,  and  to  show  that  these  styles  are 
not  so  obsolete  as  seems  to  be  supposed  in  some  quarters. 
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DISCUSSION. 


Mr.  B.  W.  Gi^PPY.— The  Town  lattice  truss  was  patented  iu  1820 
or  1821.  The  inventor,  Mr.  Ithiel  Town,  pubii.shed  pamphlets  in  1821 
and  1831,  describing  the  bridge,  and  the  claims  that  he  makes  therein  as 
to  the  economy  and  durability  of  this  type  of  bridge  have  been  fully 
substantiated.  Copies  of  these  pamphlets  are  in  the  possession  of  the 
Boston  Public  Library. 

Some  of  the  advantages  that  Mr.  Town  claimed  for  his  bridge  are 
as  follows : 

"Suitable  timber  can  be  ea.sily  procured  and  sawed  at  common  mills, 
as  it  requires  no  large  or  long  timber. 

"  Defects  in  timber  may  be  discovered  and  wet  and  dry  rot  prevented 
much  more  easily  than  could  be  in  large  timber. 

"There  is  no  iron-work  required,  which  at  best  is  not  safe,  especially 
in  frosty  weather." 

This  la.st  statement  is  rather  amusing,  as  Mr.  Town  previously 
states  that  the  trusses  can  be  built  either  of  wood  or  iron.  Moreover,  it 
is  due  to  a  free  use  of  iron  that  the  present  development  of  the  bridge 
has  been  obtained. 

Iron  is  used  principally  in  the  form  of  bolts  and  rods,  and  its  use 
increases  the  strength  of  certain  parts  like  the  tension  chord,  and  allows 
of  adjustments  to  take  up  the  shrinkage  of  the  timber. 

Wedges  at  the  ends  of  the  pins  or  treenails  were  used  to  keep  the 
sticks  in  close  contact.  Bolts  at  the  intersections  of  chords  and  lattice 
are  now  u-sed  for  the  same  purpose,  and  they  also  add  to  the  strength  of 
the  chord  connections. 

Iron  chord  couplings  add  a  large  percentage  to  the  strength  of  the 
ten.sion  chord. 

A  Howe  truss  system  of  lateral  bracing  is  used  instead  of  the  Burr 
system  originally  adopted,  and  by  means  of  turubuckles  on  the  rods 
placed  so  as  to  be  easy  of  access,  adjustments  can  be  made  to  keej)  the 
trusses  properly  in  line. 

Formerly  the  floor  beams  in  through  bridges  rested  on  top  of  the 
bottom  chord,  bringing  most  of  the  load  on  the  inside  chord  sticks  and  web 
system.  The  present  practice  is  to  hang  the  floor  beams  below  the  bottom 
chord  by  hanger  bolts  alternately  on  opposite  sides  of  the  chord,  as  sho^\Ti 
on  the  drawing  accompanying  Mr.  Snow's  paper.  This  distributes  the 
load  equally  between  the  two  web  systems  and  adds  an  amount  to  the 
headroom  equal  to  the  depth  of  the  chord  plus  the  depth  of  the  floor 
beam. 

Some  of  these  bridges  have  a  very  long  life.  One  that  was  taken 
down  on  the  Boston  and  Maine  system  last  year  and  replaced  by  a  simi- 
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lar  structure  was  claimed  to  be  over  fifty  years  old,  although  no  exact 
record  could  be  found.  This  refers  to  the  trusses.  The  floor  was  newer, 
having  been  renewed  and  strengthened.  The  timber  was  in  fairly  good 
condition,  extreme  lightness  of  construction  being  the  principal  cause 
for  renewal. 

Another  bridge  taken  down  the  year  before  was  over  forty-five 
years  old. 

In  use  these  bridges  stand  a  great  deal  of  abuse.  A  butting  colli- 
sion on  the  approach  to  one  bridge  piled  the  cars  of  one  train  up  through 
the  roof.  Beyond  breaking  a  hole  in  the  roof,  and  cutting  up  a  few  ties, 
no  damage  was  done  to  the  bridge.  Another  collision  in  which  only  one 
ti'ain  participated,  the  bridge  acting  as  a  buffer,  resulted  in  considerable 
damage  to  the  end  vertical  and  web ;  but  the  bridge  is  still  in  use  with- 
out any  repairs  and  is  considered  to  be  perfectly  safe.  In  another  case 
logs  at  high  water  broke  off  the  ends  of  the  lattice.  Bolts  were  put  in 
connecting  the  floor  beams  with  the  upper  lower  chord,  relieving  the 
lower  joints  of  all  vertical  load,  and  as  they  are  still  strong  enough  to 
transmit  the  chord  stress,  the  bridge  is  used  without  any  apprehension 
of  danger.  This  bridge  has  the  floor  beams  resting  on  top  of  the  bottom 
chord.  If  they  had  been  hung  below  they  would  have  protected  the 
ends  of  the  lattice. 

During  the  recent  floods  in  New  Hampshire,  a  pier  was  washed  out 
from  under  a  two-span  bridge.  As  the  invariable  practice  is  to  make 
these  bridges  continuous  over  all  intermediate  supports,  the  bridge  was 
saved. 

At  the  same  time  the  abutment  was  washed  out  under  the  end  of 
another  bridge,  causing  one  of  the  trusses  to  settle  several  feet.  It  was 
blocked  up  into  place  and  is  now  in  use,  the  flexibility  of  the  construc- 
tion preventing  any  sei-ious  damage. 

Fire  is  the  principal  enemy  of  these  bridges,  but  the  danger  has 
become  much  less  since  the  introduction  of  coal  burning  engines.  The 
fires  usually  start  in  the  roof  and  are  generally  extinguished  before 
they  do  any  damage  to  the  trusses.  A  good  coat  of  white-wash  together 
with  water  barrels,  buckets  and  a  ladder  at  each  bridge  are  the  means 
of  protection. 

The  road  has  these  bridges  insured,  but  as  fatal  fires  are  so  few,  and 
the  losses  are  generally  so  small,  it  would  seem  to  be  economy  to  have 
the  road  do  its  own  insuring. 

In  designing  this  truss,  the  practice  is  to  use  a  panel  length  of  from 
four  feet  to  four  feet  six  inches,  the  panel  length  being  the  distance  be- 
tween the  chord  pinnings  for  one  of  the  lattice  systems.  The  pinnings 
of  the  second  lattice  system  are  half  way  between  those  of  the  first. 
This  brings  the  distance  between  two  pinnings  equal  to  one  half  a  panel 
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length.  The  panel  length  is  taken  at  such  a  length  within  the  limits 
given  as  will  bring  the  total  number  of  panels  equal  to  n  +  j  where  n 
is  any  integer.  This  arrangement  brings  the  center  line  of  truss  half- 
way between  two  pinnings,  making  the  chord  stick  cuts  symmetrical, 
and  making  the  odd  length  sticks  the  same  at  both  ends. 

The  method  of  arranging  the  cuts  in  an  eight-chord  stick  is  shown 
in  the  accompanying  diagram. 
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In  figuring  the  strength  of  the  tension  chord,  the  following  assump- 
tions are  made : 

(1)  When  there  are  four  pins  and  one  bolt  at  a  pinning,  the  net 
area  of  the  stick  is  taken  as  the  depth  in  inches  minus  five,  multiplied  by 
the  width. 

(2)  The  value  of  a  pinning  to  transmit  stress  between  two  sticks  is 
taken  as  1,100  pounds  for  each  pin  and  600  pounds  for  one  bolt,  making 
a  total  of  5,000  pounds  for  one  pinning  of  four  pins  and  one  bolt. 

These  values  were  arrived  at  by  figuring  the  pin  for  bearing, 
shearing  and  bending ;  the  limiting  value  being  given  by  the  strength 
of  the  pin  to  resist  bending.  The  lever  arm  was  taken  a  constant  of  1.3 
inches  for  the  three  thicknesses  of  plank  generally  used,  namely  2i,  31, 
Si,  as  the  flexibility  of  the  pin  must  cause  the  load  to  be  concentrated 
near  the  inner  edge  of  the  stick  and  the  examination  of  pins  taken  from 
old  bridges  seems  to  justify  this  assumption. 

When  wrought  iron  chord  couplings  are  used,  the  strength  of  a 
coupling  is  the  net  value  of  four  i-iuch  rods  at  10,000  pounds  per  square 
inch,  or  16,920  pounds. 

When  chord  couplings  are  used,  there  are  two  cases  to  consider : 
(1)  when  the  strength  of  one  coupling  plus  three  pinnings  is  less  than 
the  net  strength  of  the  stick,  and  (2),  when  it  is  greater. 

In  the  second  case,  the  weakest  center  section  is  practically  straight 
across  the  chord  on  the  line  CD.  In  the  first  case,  the  minimum  value 
of  chord  is  along  the  line  A  B.  There  is  also  a  section  E  F,  H  panels 
from  the  center,  the  strength  of  which  should  be  investigated,  as  in  some 
cases  it  has  a  less  value  than  the  center  section. 

In  the  bridge  shown  in  the  drawing,  the  bottom  chord  is  composed 
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of  six  14  X  3t-inch  t^ticks  and  two  14-inch  x  2|  sticks. 
14  X  3|  =  9  X  3|  X  1000  =  34,875  pounds. 

One  coupling    =    16,920  pounds, 

Three  piuuings  =  15,000       " 


Net  value  of  one 


31,920       "         which  is  less  than  net  stick  and 
the  minimum  center  section  will  be  along  the  line  A  B. 
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With  sticks  16  inches  deep  and  the  same  widths  the  center  section 
will  have  a  value  of  229,770  pounds,  and  the  other  section  235,260 
pounds,  being  the  greater  in  this  case.  Inspection  shows  that  the 
strength  of  the  center  section  is  increased  only  by  the  increase  in 
sticks  4  and  5. 

This  span  is  about  the  limit  of  this  style  of  bridge  without  the 
use  of  an  arch,  although  spans  have  been  built  up  to  150  feet. 
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THE    EXGIXEERIKG    HISTORY    OF    A    LAAV    SUIT    RE- 
SPECTING A  CONTRACT  FOR  RAILROAD  BUILDING 
IN  SOUTH  DAKOTA. 


Read  before  the  Boston  Society  of  Civil  Engineers,  June  12,  1895. 


By  Fra>'cis  C.  Tucker,  Member  of  the  Society. 


Ox  April  7, 1890,  a  written  contract  was  entered  into  for  the  con- 
struction (not  including  bridges  and  track )  of  10.3  miles  of  the  Grand 
Island  &  Wyoming  Central  Railroad,  extending  from  the  Cheyenne 
River,  near  Edgemont,  to  Kirk,  near  Deadwood, — through  the  heart  of 
the  Black  Hills  of  South  Dakota.  May  15,  1890,  ten  miles  of  this  (not 
consecutive)  were  sub-let  by  oral  contract  to  a  firm  of  sub-contractors, 
and  August  21st  following,  this  contract  was  reduced  to  writing,  the 
sub-contractors  obligating  themselves  to  fully  complete  the  railroad 
(excepting  bridges  and  track)  on  or  before  October  30,  1890.  Grading 
began  May  24,  1890,  but  was  not  entirely  finished  until  about  January 
24,  1891 — nearly  three  months  later  than  the  limit  of  time  named 
in  the  contract.  About  one  month  after  completion  of  grading  the  final 
estimates  were  sent,  duly  checked  and  certified  by  the  Resident  Engineer, 
to  the  Chief  Engineer,  who,  having  satisfied  himself  as  to  their  accuracy, 
duly  rendered  to  the  princijml  contractors  a  statement  of  the  same  final 
quantities,  and  they  iu  turn  sent  a  statement  of  them  to  the  sub-con- 
tractors. 

Approximate  monthly  estimates  were  made  regularly  during  the 
progress  of  the  work.  The  sub-contractors  were  dissatisfied  with  these, 
and  had  their  work  remeasured  and  re-classified  immediately  on  comple- 
tion by  F.  S.  Mitchell,  of  St.  Louis,  and  J.  E.  Thomes,  of  Kansas  City. 
These  engineers  had  a  profile  of  the  work,  but  not  the  cross-section  notes. 
The  total  quantities  of  earthwork  returned  by  them  Avere  10,888  cubic 
yards  less  than  the  Company's  engineer  certified  to — a  diflerence  of  less 
than  3  per  cent.  Their  classification  being  somewhat  higher  than  that  of 
the  Company's  engineers,  rather  more  than  made  up  in  value  the  shortage 
in  quantities. 

March  23, 1891,  the  sub-contractors  filed  alien,  entirely  ignoring  the 
quantities  and  classification  of  their  engineers,  Mitchell  and  Thomes. 
They  used,  approximately,  the  quantities  of  the  final  estimates  given  by 
the  Company's  engineers,  but  they  slightly  increased  them  in  places. 
The  classification  claimed  in  the  lien,  although  not  entirely  different  from 
that  of  the  Company's  engineers,  was,  however,  founded  apparently  on 
no  actual  measurement,  but  was  made  up  by  arbitrarily  transferring  large 
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quantities  from  earth  to  loose  and  solid  rock,  just  as  whoever  made  it  up 
deemed  advisable. 

Apparently  to  support  these  small  changes  of  quantities  and  large 
changes  of  classification,  the  sub-contractors  had  their  work  again  meas- 
ured and  classified  in  September,  1891 ,  by  an  engineer  with  three  assistants. 
The  pay  yards  he  returned  were  42,370  in  excess  of  the  final  esti- 
mates of  the  Company's  engineers — nearly  12  per  cent,  greater.  The  lien 
was  assigned  to  an  outside  party  and  suit  brought  in  the  United  States 
Circuit  Court,  District  of  South  Dakota. 

At   sub-contract  prices  tlie  value  of  the  work  done,  by  final  estimate, 

amounted  to $87,380  34 

The  lien  claimed  a  value  of 118,350  96 

Sub-contractors'  engineer  claimed  a  value  of 128,184  32 

Showing  an  extreme  difference  in  value  of 40,803  98 

In  addition,  the  lien  claimed  for  delayed  right  of  way,  and  consequent 

work  after  frost 29,936  22 

For  changes  of  section  bounds,  line  and  grade 14,658  40 

For  miscellaneous  extra  work 4,164  00 

Making  the  gross  difference  of  values $89,562  60 

From  the  amount  directly  involved,  and  the  value  attached  to  this 
case  as  a  precedent,  it  has  attracted  much  attention.  "  The  taking  of 
the  evidence  alone  required  two  months'  time,  and  when  transcribed, 
filled  4,000  typewritten  pages,  besides  which  there  were  between  300  and 
400  exhibits  introduced  and  made  part  of  the  testimony.  All  of  this 
vast  volume  of  evidence  was  finally  referred  to  Judge  Bennett  by  order 
of  Judge  Edgerton.  The  hearing  before  Judge  Bennett  was  most  exten- 
sive, the  arguments  alone  taking  thirteen  and  a-half  days'  time.  Messrs. 
Martin  &  Mason,  Schrader  &  Lewis,  and  Mr.  C.  M.  Brown  appeared  for 
plaintiffs,  Messrs.  Marquett  and  Griggs  for  the  Kailroad  Company,  and  Mr. 
Frawley  for  the  chief  contractor.  After  Judge  Bennett  had  carefully 
considered  the  case  and  had  gone  over  the  work  in  question,  personally, 
in  order  to  satisfy  himself  as  to  what  the  facts  really  were,  he  made  an 
exhaustive  report,  sustaining  fully  the  estimates  of  the  Company's  engi- 
neers, finding  upon  all  points  at  issue  in  favor  of  the  defendants.  To 
this  report  the  plaintiffs  filed  numerous  exceptions,  which  were  argued 
before  Judge  Dundy  by  Mr.  Martin  and  Messrs.  Griggs  and  Frawley. 
In  addition  to  the  oral  arguments,  briefs  were  filed  by  the  attorneys  and 
the  case  most  carefully  presented  to  the  Court.  Judge  Dundy  rendered 
a  decision  upon  these  exceptions  in  which  he  fully  sustained  the  deter- 
mination of  Judge  Bennett. 

"  There  were  many  nice  and  intricate  legal  questions  involved  in 
this    suit,   turning    upon     engineering   practices,   all    of    which   were 
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decided  in  favor  of  the  methods  and  determinations  of  the  *  Burlington ' 
engineers." 

From  this  brief  history  of  a  suit,  that  it  has  taken  four  years  to 
determine,  we  turn  to  those  parts  of  the  decision  that  are  of  special 
interest  to  civil  engineers. 

QUANTITIES    AND   CLASSIFICATION. 

The  pay  yards  of  earthwork  were  returned  as  follows  : 

Earlh.  L.  Rock.  S.  Rock.  Totals. 

By  Company's  engineers  .    .    .      223,954  77,987  51,393  363,334 

By  lien 116,211  188,483  63,395  368,089 

By  sub-contractors'  engineer    .      127,822  212,330  65,552  405,704 

A  careful  inspection  of  these  figures  shows  a  more  extraordinary 
difference  in  classification  than  the  42,370  cubic  yards  difference  in  total 
pay  yards.  Judge  Bennett,  the  Master  in  Chancery,  says  in  his  report 
to  the  Court ;  "  The  measurement  and  classification  by  the  sub-contrac- 
tors' engineer  are  not  entitled  to  any  weight  in  the  consideration  of  this 
cause  for  the  following  reasons : 

"  (1)  In  the  measurement  of  cuts  he  included  practically  all  the 
quantities  found  by  him  to  have  been  removed,  notwithstanding  that  (1) 
the  contracts  required  that  the  quantities  to  be  paid  for  should  be 
ascertained  from  the  cross-section  notes  of  excavation  and  embankment 
prisms,  and  that  only  such  quantities  should  be  computed  as  were  found 
within  the  slope,  grade  and  surface  planes ;  (2)  by  this  method  he  dis- 
regarded! the  provision  of  the  contracts  by  including  large  quantities  of 
material  not  within  the  slope,  grade  and  surface  planes,  thus  greatly 
increasing  the  quantities  above  what  they  should  have  been  ;  and  (3) 
his  measurements  included,  as  having  been  done  by  the  sub-contractors, 
a  large  quantity  of  material  which  had  not  been  removed  by  them,  but 
had  been  taken  out  by  the  Railroad  Company  after  the  sub-contractors 
left  the  work. 

"  (2)  He  determined  the  quantity  of  borrow  by  measuring  the  pits 
from  which  it  had  been  taken,  wholly  disregarding  the  provision 
of  the  contracts  requiring  that  all  borrow  should  be  measured  in 
embankment,  and  greatly  increasing  the  quantity  over  what  it  should 
have  been. 

"  (3)  In  his  classification  he  was  not  governed  by  the  contracts 
under  which  the  work  was  done.  On  the  contrary  he  classified  material 
which  had  been  removed  from  the  channels  by  plowing  with  six  horses 
or  mules,  or  less,  as  loose  rock,  for  the  alleged  reason  that  channel  exca- 
vation was  more  difficult  to  handle  than  like  material  found  elsewhere. 

"  Again,  he  was  governed  in  classifying  alone  by  geological  consid- 
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erations ;  or,  iu  other  words,  by  the  appearance  of  the  material  adjoin- 
ing that  which  had  been  removed,  and  wholly  ignored  the  provision  of 
the  contract  requiring  that  material  should  be  classified  according  as  it 
could  be  removed — for  instance,  that  earth  should  include  all  material 
which  could  be  plowed  with  a  good  plow,  drawn  by  six  good  horses  or 
mules,  etc.,  and  should  include  everything  not  distinctly  loose  or  solid 
rock." 

Another  reason  for  large  differences  in  quantities  was  that  the  engi- 
neers of  the  Railroad  Company  substantially  gave  the  true  prismoidal 
quantities,  while  the  quantities  given  by  the  sub-contractors'  engineer 
were  obtained  by  averaging  end  areas  without  correcting  in  any  way  for 
the  most  extreme  differences  in  consecutive  cross-sections,  although  he 
took  his  cross-sections  much  further  apart,  usually,  than  the  Company's 
engineers  did,  thereby  much  increasing  the  need  of  correction.  He 
carried  the  method  of  averaging  end  areas  to  the  extreme  of  using  it  at 
both  ends  of  every  cut  on  side-hill ;  that  is,  he  invariably  treated 
material  which  was  actually  pyramidal  in  form  as  being  wedged-shape, 
thereby  increasing  the  quantity  by  fifty  per  cent.  An  attempt  was  made 
in  the  evidence  to  show  that  custom  had  established  the  method  of 
averaging  end  areas  without  correction  ;  in  effect,  legalizing  it.  To  dis- 
prove this  the  defendants  introduced  in  evidence  the  following  portions 
of  standard  works  : 

Computation  from  Diagrams  of  Railway  Earthwork,  Wellington,  Preface, 
page  4. 

"Economic  Theory  of  Location  of  Railways,  Wellington."  Page  896,  articles 
1257  and  1258. 

"  Field  Engineering,"  Searles.  Page  203,  article  235  ;  page  225,  article  254; 
page  229,  article  256 ;  page  236,  article  263  ;  page  200,  article  231 ;  page  201, 
article  232. 

''  Excavations  and  Embankments,"  Trautwine. 

"  Engineer's  Pocket-Book;"  twenty-fifth  thousand  ;  p.  161,  Trautwine. 

"Mensuration  of  Volumes."     Page  129,  Davies'  Legendre. 

They  also  claimed  a  strict  interpretation  of  the  contract,  which 
says :  "  Payment  being  made  only  for  number  of  yards  actually 
removed  by  contractor,  within  the  specified  slope,  grade  and  surface 
planes,"  and  "  Earthwork  will  be  computed  from  cross-section  notes  of 
excavation  prisms ;  that  is,  the  quantities  between  the  slope,  grade  and 
surface  planes  shall  be  taken,  and  shall  be  paid  for  by  the  cubic  yard  of 
twenty-seven  (27)  cubic  feet." 

To  show  the  importance  of  this  question  of  methods,  and  the  extor- 
tion that  an  unscrupulous  engineer  might  perpetrate  by  a  judicious  mis- 
use of  the  averaging  end  area  method  without  correction,  several  test 
cases  were  selected  from  the  cross-sections  as  measured  and  used  bv  the 
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sub-contractors'  engineer,  models  were  made  and  put  in  evidence,  and 
the  differences  between  the  two  methods  of  computation  amply  testified 
to.  In  one  instance  that  engineer  added,  according  to  his  own  measure- 
ments, in  a  prismoid  only  32  feet  long,  439  cubic  yards  of  excess,  and 
this  in  solid  rock.      Below  is  his  cross-section  at  station,  2168-J-64. 


Station  2168+64. 

His  next  note  is  "  Grade  at  2168+96,"  and  he  estimated  the  exca- 
vation between  these  two  cross-sections,  32  feet  apart,  by  simply  aver- 
aging end  areas.  If  any  reader  doubts  the  absurdity  of  using  the  aver- 
age end  area  method  without  correction,  in  figuring  quantities  between 
such  highly  different  cross-sections,  he  is  advised  to  figure  correctly  and 
compare  results.  As  this  work  was  on  steep  side-hill  the  solid  between 
these  two  plusses  was  not  a  true  prismoid,  and  to  figure  the  true  quan- 
tity from  the  above  notes  it  was  necessary  to  interpolate  a  section  at  the 
grade  point  on  the  right,  2168+91.  Below  is  the  resulting  cross-section 
at  that  plus. 


M.\      3. 

''■  ^^ -^_^ 

Station  2168+91. 

The  sub-contractors'  engineer  estimated  between 

2168+64  and  2168+96 1,672.4  cubic  yards. 

Correct  prismoidal  quantity 1,233.7  " 

Error  of  method  in  32  feet  length 438.7  " 

This  is  an  extreme  case,  and  simply  emphasizes  the  necessity  of  cor- 
recting, in  such  cases,  the  results  obtained  by  averaging  end  areas.     In 
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this  connection  it  is  proper  to  call  attention  to,  and  heartily  endorse,  Mr. 
Wellington's  Article  1258  of  his  "Economic  Theory  of  Location  of 
Railways  "  :  "  The  proper  method  of  computing  earthwork  in  construc- 
tion is  to  compute  by  end  areas  only,  and  then  at  any  later  time,  when 
convenience  serves,  to  determine  the  prismoidal  correction  for  those 
solids  only  which  need  it,  which  are  those  differing  by  more  than  two  or 
three  feet  in  center-height.  These  corrections  are  then  added  together 
for  each  cut  or  section  and  deducted  in  gross  from  the  end  area  volume. 
The  reasons  which  make  this  method  at  once  the  simplest  and  the  most 
accurate  of  all,  and  the  evidence  from  experience  that  it  is  so,  are  given 
at  length  in  the  writer's  treatise  on  the  computation  of  earthwork." 

A  further  reason  for  the  excessive  pay  yards  estimated  by  the  con- 
tractors' engineers  is  their  complete  ignorance  of  the  natural  surface  of 
cuts,  channels  and  borrow  pits,  necessai'ily  removed  in  construction  be- 
fore they  went  upon  the  ground ;  in  one  place  they  counting  the  surface 
fully  25  feet  above  what  it  had  actually  been.  By  the  contract  they 
should  have  found  the  amount  of  ths  borrow  by  measuring  the  banks 
and  deducting  from  their  amount  the  total  available  material  from  cuts, 
channels,  etc.;  instead  of  so  doing  they  attempted  to  measure  the  borrow 
pits,  assuming  the  surface  to  have  been  straight  from  side  to  side  in  spite 
of  the  fact  that  many  of  the  pits  were  over  100  feet  wide  and  were  in 
the  edge  of  the  valley,  where  the  hill  joined  the  bottom,  and  were  thus 
almost  necessarily  concave  on  top,  containing  very  much  less  than  the 
quantity  computed.  The  evidence  was  conclusive  that  in  certain  places 
the  banks  contain  thousands  of  yards  less  than  the  contractors'  engineers 
found  in  the  cuts  and  borrow  pits.  So  much  for  ignorance  of  the  natural 
surface. 

Classification,  under  the  contract,  depended  upon  how  it  was  prac- 
tical to  work  the  materials  encountered ;  and  was  a  matter  of  demon- 
stration to  the  engineers  who  were  upon  the  work  throughout  construc- 
tion; but  to  those  goi'ig  upon  the  work  after  completing  it  was,  neces- 
sarily, merely  a  matter  of  opinion;  proof  could  then  go  no  further  than 
to  attempt  to  classify  what  had  been  moved  by  inference  from  what  had 
not  been  moved. 

Portions  of  the  line  for  which  it  was  necessary  to  borrow  were  in 
narrow  valleys  where  earth  was  rather  scarce,  but  the  contract  required 
the  contractors  to  borrow  earth  at  the  price  of  earth  excavation,  if  to  be 
found  within  the  limit  of  haul — which  was  1,500  feet.  Free  haul  was 
500  feet.  In  a  few  places  loose  rock,  and  even  solid  rock,  was  borrowed 
in  spite  of  the  protests  of  the  engineers,  and  although  earth  was  in  every 
instance  pointed  out,  and  the  attention  of  the  sub-contractors  and  the 
foreman  was  called  to  the  provision  of  the  contract ;  the  sub-contractors 
and  foreman  explaining  that  they  were  short  of  teams  to  haul  the  earth, 
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and  that  it  was  cheaper  for  tliem  to  put  the  loose  rock  in  with  wheel- 
barrows and  men  on  account  of  the  much  shorter  haul.  Counsel  for 
plaintiffs  claimed  that  the  engineers  should  have  peremptorily  demanded 
the  hauling  of  earth — if  it  were  there — and,  if  their  orders  were  not 
obeyed,  should  have  enforced  their  demands  by  requiring  the  discharge 
of  all  foremen  not  acceding  to  them.  Counsel  also  claimed  that  since 
rock  was  thus  taken  it  must  be  paid  for,  and  that,  since  the  Company's 
engineers  had  made  no  measurement  or  classification  of  borrow  pits,  and 
the  sub-contractors'  engineers'  had,  the  classification  of  the  latter  was  the 
only  classification  before  the  Court,  and  must  be  taken.  This  claim,  like 
all  others,  was  set  aside. 

The  sub-contractors'  engineers  measurements  exceeded  those  of  the 
Company's  engineers  about  as  follows:  In  cuts,  24,533  cubic  yards;  in 
channels, 3,500  cubic  yards;  in  borrow,  14,337  cubic  yards.  The  excess 
in  cuts  came  from  the  causes  already  named  and  from  numerous  errors, 
which,  by  a  strange  fatality,  seemed  to  always  be  on  the  sub-contractors' 
side.  Ignorance  of  the  natural  surface  was  a  large  factor  here,  as  in 
borrow ;  cuts  were  figured  over  a  hundred  feet  longer  than  they  really 
were,  many  were  figured  wider;  nearly  all  material  removed  up  to 
September,  1891,  was  estimated,  although  fully  20,000  cubic  yards  had 
been  removed  by  the  railroad  employees  after  the  sub-contractors  left 
the  work. 

The  difference  of  3,500  cubic  yards  in  channels  is  fully  accounted 
for  by  (1)  including,  in  at  least  two  places,  natural  channel  which  never 
was  excavated  by  sub-contractors;  (2)  ignorance  of  natural  surface; 
(8)  the  natural  wash  of  seven  months,  including  spring  freshets. 

The  difference  of  14,337  cubic  yards  in  borrow  came  slightly  from 
error  and  from  methods  of  figuring,  and  from  waste  in  hauling  and 
shrinkage  (which,  by  the  contracts,  were  chargeable  to  the  sub-con- 
tractor), but  principally  from  ignorance  of  the  natural  surface  before 
alluded  to. 

At  sub-contractors'  prices  the  total  values  of  earthwork  were: 

By  Company's  engineers'  final  estimate  quantities $  82,536  49 

By  lien  quantities 110,534  86 

By  contractors'  engineers'  estimate  quantities 120,368  22 

Siiowing  a  range  in  values  of 37,831  73 

The  Master  and  the  Court  decided,  however,  the  Railroad  Company's 
engineers'  estimate  to  be  in  accordance  with  the  contracts  and  the 
evidence. 

MINOR   CI-AIMS   UNDER   THE   CONTRACT. 

In  PAY  HAUL  the  engineers  develop  no  diflference  of  estimate. 

In  RIPRAP  the  Company's  engineers'  estimate  was  for  592.6  cubic 
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yards  at  $1.25,  and  the  lien  claimed  1,299  cubic  yards  at  $2.00.  As  to 
the  price,  all  the  other  riprap  on  the  line  was  sub-let  at  $1.25,  but 
through  an  oversight  the  item  was  not  named  in  this  particular  sub- 
contract. The  difference  in  quantity  arose  from  over  estimate  of  thick- 
ness, some  of  it  (from  coarseness  of  material)  having  been  built  thicker 
than  ordered,  and  from  including  as  riprap  mere  rock  slope,  which  the 
Company's  engineers  claimed  the  right  to  have  built,  within  haul  of 
clear  rock  cuts,  by  simply  dumping  the  coarsest  of  the  rock  in  cart-loads, 
as  it  came  from  the  cut,  on  the  side  of  the  bank  toward  the  stream, 
under  a  clause  in  the  specification :  "  Where  there  is  choice  of  material, 
the  best  shall  be  used  on  top  of  the  embankment,  for  at  least  one  foot  in 
depth,  07-  as  directed  by  the  engineer."  In  the  award  there  is  a  slight 
error  in  figuring,  but  the  Master  seems  to  have  adopted  the  measure- 
ment of  the  Company  engineers,  but  to  have  made  his  sole  concession  to 
the  claims  of  the  plaintiffs  by  figuring  the  price  at  $1.75  per  cubic  yard. 

In  Clearing,  the  lien  claimed  97.6  acres  against  82.8  acres  allowed. 
This  relatively  small  difference  arose  from  the  difference  in  interpreta- 
tion of  the  only  clauses  in  the  contract  relating  to  clearing  : — "Clearing 
will  be  paid  for  by  the  acre  for  ground  necessarily  cleared  for  grade  and 
borrow  pits  ;  "  and  one  other,  which  is  a  mere  naming  of  price : — "Clear- 
ing, per  acre "  (when  necessarily  done).  The  Company's  engineers 
held,  where  clearing  was  scattering  and  only  a  small  portion  of  the 
ground  was  shaded,  that,  except  for  the  portion  actually  cleared,  clear- 
ing was  not  done,  therefore  could  not  have  been  necessarily  done,  and 
therefore  was  not  to  be  paid  for.  Plaintiffs  claimed  that  where  any 
clearing  was  called  for,  it  should  have  been  estimated  as  solid.  The  Court 
adopted  the  interpretation  of  the  Company's  engineers. 

In  Grubbing,  the  same  difference  in  interpretation  developed  as 
in  clearing.  The  only  clauses  relating  to  grubbing  in  the  contract 
were : — "  Grubbing  will  be  paid  for  by  the  station  where  necessarily 
done.  Grubbing  sage-brush  and  grease  wood  will  not  be  paid  for,  but 
the  price  paid  per  yard  for  grading  shall  include  the  cost  of  such  work  ;  " 
and,  "  Grubbing,  per  station  "  (where  necessarily  done).  The  engineers 
measured  all  grubbing  along  the  line  and  along  detached  work  (like 
channels,  etc.),  figuring,  in  fractions,  the  next  larger  tenth  of  a  station. 
The  lien  claimed  even  a  single  stump  as  a  whole  station.  Then,  of 
course,  an  estimate  of  grubbing,  after  the  completion  of  work,  is,  neces- 
sarily, a  mere  guess  from  the  appearance  of  the  surroundings.  The 
difference  in  value  of  all  those  minor  claims  under  the  contract  was 
$2,972.25,  only. 

EXTRA    WORK. 

The  lien  claimed  for  delayed  right  of  way,  etc.,  and  consequent  work 
in  frost,  an  additional  price  of: 
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12  cents  per  cubic  yard  on  16,351  cubic  yards  earth 

30      "       "             "  "  47,122           "            earth  and  loose  rock. 

50      "       "             "  "  11,046           "            (partly  solid)   .    .    . 

100      "      "  "  "       6,282  "  

125      "      "  "  "       1,626  " 


82,427 


$1,962  12 

14,136  60 

5,523  00 

6,282  00 

2,032  50 

$29,936  22 

Included  in  this  total  is  a  claim  for,  perhaps,  $5,000  for  change  of 
line,  which  neither  the  lien  nor  the  evidence  makes  it  possible  to  separate 
from  the  delayed  right-of-way  claims,  but  which  is  barred  out  by  this 
clause  in  the  contract:  "  The  party  of  the  first  part  reserves  the  right  to 
change  the  line  and  grade  from  that  shown  on  2:)lans  and  profiles  fur- 
nished, but  will  not  be  held  for  damages  on  account  of  such  changes." 

This  line  ran  through  a  strictly  mineral  country  ;  claims  lay  around 
loose  in  all  directions,  overlapping  each  other — someof  them  abandoned. 
It  was  impossible  for  an  outsider  to  be  sure  of  the  legality  of  any  title 
till  it  had  fought  its  way  through  the  courts.  Often  no  sign  of  occupa- 
tion showed  until,  after  construction  had  begun,  the  owner  (?)  appeared 
with  shot-gun  or  revolver,  and  a  violent  temper.  Right-of-way  agents 
were  kept  traveling  back  and  forth  in  the  endeavor  to  keep  all  claims 
settled  as  fast  as  they  could  be  believed  genuine.  Occasional  threats 
were  made,  and,  in  a  few  places,  gangs  of  men  were  forbidden  to  work, 
but  only  one  injunction  was  served,  and  no  actual  force  was  used  to  pre- 
vent work.  The  evidence  shows  that  the  injunction  was  in  force  only 
about  four  weeks. 

The  whole  matter  of  delayed  right  of  way  and  work  in  frost  was 
thus  summed  up  by  the  Master  in  Cluincery  (eliminating  legal  terms 
and  repetitions) :  "  The  claim  for  extra  compensation,  on  account  of 
alleged  delay  caused  by  the  alleged  failure  on  part  of  the  railroad  com- 
pany to  obtain  right  of  way,  by  reason  of  which  complainants  claim  that 
a  large  amount  of  work  had  to  be  done  after  frost  had  set  in,  is  not  sus- 
tained by  the  evidence;  the  sub-contractors  not  having  been  delayed  in 
their  work  by  reason  of  any  act  or  default  on  the  part  of  the  defendants, 
or  either  of  them.  On  the  contrary,  the  sub-contractors  kept  all  of  their 
forces  employed,  and  were  not  compelled  to  turn  off  either  workmen  or 
teams  on  account  of  the  want  of  such  right  of  way.  The  sub-contrac- 
tors were  not  prevented  by  injunctions  or  default  of  defendants  from 
completing  their  work  within  the  time  stipulated  in  their  contract. 
Moreover,  they  never  made  any  claim  for  damages,  or  demand  for  extra 
compensation  to  the  defendants  herein,  or  either  of  them,  in  any  man- 
ner whatever.  Again,  the  sub -contractors,  if  delayed  by  want  of  right 
of  way,  were  allowed  a  much  longer  time  by  the  railroad  company  than 
the  period  of  such  delay,  in  which  to  complete  their  work,  after  the  date 
when  it  should  have  been  finished. 
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"The  claim  for  extra  compensation  or  allowance,  on  account  of 
work  alleged  to  have  been  done  at  Nahant,  after  frost  had  set  in,  is  not 
sustained  by  the  evidence,  as  said  grounds  were  staked  out  by  the  Com- 
pany's engineers  in  ample  time  for  all  of  the  work  to  have  been  done 
before  frost  set  in. 

"  The  claim  for  extra  compensation  or  allowance,  on  account  of 
certain  berms  and  channels,  alleged  by  complainants,  to  have  been  staked 
out  by  the  Company's  engineers,  after  frost  set  in,  and  which,  therefore, 
had  to  be  graded  in  frozen  material,  is  not  sustained  by  the  evidence,  the 
berms  and  channels  having  been  staked  out  as  soon  as  required  by  the 
sub-contractors,  and  some  of  them  long  prior  to  the  setting  in  of  frost." 

The  lien  claimed  for  changes  of  section  bounds,  line  and  grade, 
these  items : 

30  cents  per  cubic  yard  for  32,.307  cubic  yards  on  account  of  changing 
trestle  work  to  fill  across  gulch,  and  moving  line  between  sections 
77  and  78  from  station  1829  to  station  1830,  increasing  fill  from 
3,340  cubic  yards  to  35,647  cubic  yards $9,692  10 

10  cents  per  cubic  yard  additional  for  23,422  cubic  yards  on  account  of 
difference  between  placing  in  spoil  bank  and  hauling  into  line 
bank 2,342  20 

Increased  cost  of  work  made  necessary  by  change  of  line  from  station 
2170  to  station  2182+50,  30  cents  per  cubic  yard  additional  for 
8,747  cubic  yards  ;  a  portion  of  this  was  hauled  past  section  end 
and  a  large  portion  was  hauled  past  bridge  opening  at  station 
2188  .        2,624  10 

Claimed  for  changes  ordered  by  engineers $14,658  40 

Besides  a  claim,  previously  alluded  to,  for  about  $5,000  that  cannot 
be  separated  from  the  claims  for  delayed  right  of  way. 

The  claims  for  changes  made  by  order  of  engineers  were  thus  dis- 
posed of  by  the  Master  in  Chancery  :  "  The  claim  for  extra  compensa- 
tion or  allowance,  on  account  of  an  alleged  changing  of  the  section 
ending,  at  the  north  end  of  section  77,  is  not  sustained  by  the  evidence 
for  the  reasons  that  the  sub -contractors  agreed  in  the  written  contract  to 
do  the  work  up  to  the  point  where  the  section  was  actually  ended  ;  and, 
even  if  the  section  ending  was  changed,  the  Company's  engineers  had  the 
right  to  change  it,  and  no  injury  was  done  the  sub-contractors. 

"The  claim  for  extra  compensation  or  allowance,  above  the  award 
made  by  the  company's  engineers,  on  account  of  the  change  of  the  section 
ending  between  sections  83  and  84,  is  not  sustained  by  the  evidence,  for 
the  reasons  that  the  contract,  under  which  the  sub-contractors  did  this 
•work,  permitted  such  change  to  be  made  by  the  Company's  engineers, 
and  such  change  of  section  ending,  worked  no  injury  to  the  sub-con- 
tractors." 
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In  the  lien  were  presented  miscellaneous  extra  bills,  which  may  be 
grouped  thus : 

1.  Clearing  out  channel  of  creek  opposite  heavy  rock  cut $956  00 

2.  Waiting  for  placing  of  culvert ;  4  teams,  fifteen  days  at  $4  .    .    .    .  240  00 

3.  Widening  cut  slopes — partly  on  account  errors  of  engineers  ....  938  00 

4.  Putting  rock  filling  in  crib— 730  cubic  yards  at  $2.00 1,460  00 

5.  Removing  old  flume  and  slab  pile      94  20 

6.  Rock  in  creek  for  road  crossing 6  50 

7.  Building  and  removing  bridges  for  hauling  borrow,  etc., 197  30 

8.  Clearing  and  grading  roads 272  00 

$4,164  00 

In  his  report  to  the  Court  the  Master  in  Chancery  thus  disposes  of 
these :  "  The  engineer  gave  no  orders  in  writing,  or  otherwise,  to  the 
sub-contractors  requiring  the  latter  to  do  any  extra  work  for  which  they 
were  not  estimated  and  allowed  in  the  final  estimate." 

Some  particulars  of  this  extra  work  may  beof  interest  to  engineers: 

(1)  Heavy  blasting  in  rock  cut  threw  large  masses  of  rock  into  a 
creek  channel,  forcing  the  water  from  it  over  a  public  road.  The  con- 
tract provided  that  the  contractors  were  to  be  held  liable  for  all  damage 
to  j^remises  through  which  the  road  ran,  and  that  the  Company  might 
retain  an  amount  sufficient  to  cover  those  damages. 

(2)  The  evidence  was  conclusive  that  the  culvert  in  question  was 
in  place  nearly  a  month  before  the  delay  was  alleged  to  have  occurred. 

(3)  The  evidence  was  positive  that  no  errors  in  cut  widths  or  slopes 
were  made  by  engineers.  During  construction,  slopes  were  flattened 
because  less  stable  material  was  encountered  than  was  expected.  All 
excavations  ordered,  and  all  slides  that  seemed  unavoidable  because  of 
natural  seams,  were  paid  for. 

(4)  To  fill  a  crib  (built  by  other  parties)  the  sub-contractors  were 
told  to  get  rock  wherever  most  convenient,  and  they  were  paid  for  the 
estimated  amount  of  solid  rock  excavation  that  was  required  to  fill  the 
crib,  since  it  seemed  to  the  resident  engineer  that  he  could,  under  the 
contract,  have  staked  out  an  excavation  in  solid  rock  and  required  the 
material  dumped  into  the  crib,  and  no  good  reason  appeared  for  paying 
a  greater  price  for  the  easier  service  required. 

(5)  Removal  of  saw-mill  debris  and  an  old  flume  were  held  suffi- 
ciently paid  for  by  clearing — especially  as  much  of  the  material  was 
converted  by  the  sub-contractors  to  their  own  use  for  wheel-planks  and 
to  build  sheds. 

(6 )  Rock  in  road  crossing  was  merely  loose  rock  borrow. 

(7)  Building  and  removing  bridges  that  were  for  the  contractors' 
convenience :  it  is  doubtful  if  these  should  have  been  paid  for  by  the 
Company.     These  were  not   paid  for  as  extra  bills,  but  were  liberally 
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equated  in  value  as  "  clearing."  This  practice  of  equating  the  value  of 
something  not  covered  by  the  contract  in  terms  of  some  item  in  the  con- 
tract seems  very  objectionable  to  most  engineers,  but  was  not  disturbed 
by  the  Court. 

(8)  Clearing  and  grading  roads  were  clearly  covered  by  items  in 
the  contract,  and  were  properly  covered  by  the  estimate. 

The  petition  sets  forth  the  cause  of  action  thus :  "  That  when  the 
work  was  completed  the  Chief  Engineer  made  a  pretended  final  estimate 
showing  the  quantity  and  classification  of  the  work  done  by  the  sub- 
contractors under  the  contract,  which  pretended  estimate  is  wholly  false, 
fraudulent  and  erroneous ;  and,  although  the  sub-contractors  actually 
performed  the  amounts  of  work  and  at  the  prices  specified  in  the  annexed 
claim  and  lien  alleged,  the  Chief  Engineer,  by  fraud,  error  and  mistake 
in  his  final  estimate,  estimated  the  work  done  by  the  sub-contractors  as 
follows:"  (Setting  forth,  with  a  few  clerical  errors,  the  correct  amount 
as  stated  in  the  final  estimate  by  the  engineer.)  As  to  these  charges  the 
Master  reported  to  the  Court :  "The  engineers  of  the  railroad  company 
acted  fairly  and  in  good  faith  in  all  matters  pertaining  to  the  measuring, 
classification  and  estimating  of  the  work  done  by  the  sub-contractors, 
and  the  measurements,  classification  and  final  award  were  justly  and 
fairly  made  according  to  the  best  skill  and  ability  of  the  engineers." 

The  Master  also  reported  to  the  Court  these  conclusions:  "A  legal 
and  valid  estimate  and  award  of  all  work  and  labor  done  and  material 
furnished  by  the  sub-contractors,  under  the  contract,  was  duly  made  and 
rendered  by  the  Chief  Engineer  of  the  Railroad  Company,  as  required 
by  the  contracts  hereinbefore  mentioned,  and  said  estimate  and  award 
was  and  is  binding  upon  the  sub-contractors  and  the  complainants 
herein. 

"The  complainants  are  entitled  to  take  nothing  by  this  suit,  and 
the  defendants  and  each  of  them  should  go  hence  without  day." 

EFFECT    OF   THE    DECISION. 

For  several  years  the  practice  has  existed  to  an  undesirable  extent 
among  engineers,  especially  in  the  West,  of  classifying  work  accox'ding 
to  its  cost — using  some  judgment,  of  course,  with  regard  to  its  manage- 
ment. Plainly  stated,  the  theory  seems  to  have  been  that,  if  a  piece  of 
work  was  well  managed,  the  final  estimate  should  show  a  profit,  and 
that  if  badly  managed  it  should  show  a  loss.  The  price  and  other  items 
of  the  contract  have  played  second  fiddle  in  the  harmony  (?)  of  con- 
struction. This  practice  has  even  been  urged  in  papers  presented  by 
engineers  of  reputation  to  engineering  societies,  and  has  resulted  in 
debauching  the  contractors  and  engineers;  has  put  a  premium  on  low 
and  hishonest  bidding  by  encouraging  the  idea  that  the  main  thing  was 
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to  bid  loAV  enough  to  get  the  work  anyhow — depending  then  upon  the 
mercy  and  dishonesty  of  the  engineers  to  make  the  profits  all  right ;  has 
put  a  premium  on  poor  management  by  contractors,  since  the  tendency 
was  for  the  engineers  to  rely  upon  the  force  account  to  determine  the 
classification,  and  thus  pay  a  poor  manager  more  for  doing  a  given 
amount  of  work  than  a  good  manager  for  doing  the  same:  and,  by 
preventing  their  getting  the  work,  has  injured  the  honest  contractors — 
who  made  fair  bids,  expecting  measurement  and  classification  according 
to  the  contract  and  specifications — more  than  it  has  injured  any  others. 

Against  this  improper  practice,  and  in  favor  of  a  strict  construction 
of  contracts  and  specifications,  this  fight  has  been  sustained  for  five 
years.  To  make  the  position  tenable  the  policy  was  carefully  inculcated 
of  making  no  presents,  but  of  giving  to  the  contractors  the  benefit  of 
every  reasonable  doubt. 

The  engineers  on  this  work  were:  I.  S.  P.  Weeks,  Chief;  F.  C. 
Tucker,  Resident,  and  F.  A.  Jones,  F.  C.  Noble  and  J.  C.  Beye,  Division. 
As  an  expert  on  methods  and  classification  V.  G.  Bogue  was  called, 
after  suit  was  begun,  and  his  vigorous  endorsement  did  signal  service. 

In  closing,  apology  is  due  the  attorneys  in  the  case  for  the  freedom 
with  which  the  "saids"  and  "aforesaids"  have  been  dropped  in  quoting 
from  the  carefully  prepared  law  papers. 


Editors  reprinting  articles  from  this  journal  are  requested  <o  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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APPROXIMATE  ANALYSIS   OF   THE    USE   OF   COAL   IN 

AN  EDISON  ELECTRIC  STATION  OF  THE 

TYPE  STANDARD,  ABOUT   1890. 


By  R.  S.  Hale,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  May  15,  1895.*] 

The  system  of  electric  supply  from  which  the  following  results  are 
derived  is  the  Standard  Edison  system  of  a  3-wire  underground  network 
for  low  tension,  direct  current  supplied  by  underground  feeders  from 
three  stations,  located  in  Boston,  one  on  Head  Place  near  the  corner  of 
Boylston  and  Tremont  Streets,  one  on  Hawkins  Street  near  Bowdoin 
Square,  and  one  on  Atlantic  Avenue,  foot  of  Pearl  Street. 

These  stations  pump  electricity  into  the  electric  mains  exactly  as 
pumping  stations  or  gas  works  might  supply  water  or  gas,  only  since  the 
incandescent  lamps  must  be  supplied  at  almost  absolutely  constant  press- 
ure an  electric  network  requires  more  feeding  points  than  a  network  of 
water  mains,  or  gas  mains. 

The  stations  are  as  follows:  The  first  station  on  Head  Place  has  18 
units,  each  consisting  of  an  Armington  &  Sims  non-condensing  engine, 
15x155  inches,  belted  directly  to  two  Edison  No.  20  B.  P.  dynamo. 
Each  dynamo  is  rated  at  400  amperes  and  125  volts  or  50  K.  W.,  the 
engines  at  135  H.  P.  The  engines  are  supplied  with  steam  at  95  pounds 
pressure  from  six  return  tubular  boilers  of  1,800  squai-e  feet  of  heating 
surface  each,  and  five  Babcock  &  Wilcox  boilers  of  3,220  square  feet  of 
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heating  surface  each.  The  second  station  on  Hawkins  Street  has  ten  ex- 
actly similar  units  supplied  with  steam  at  100  pounds  pressure  from  two 
Heine  boilers  of  2,600  square  feet  heating  surface,  one  Heine  of  1,640 
and  two  Babcock  &  Wilcox  boilers  of  2,795  square  feet  heating  surface 
each.  At  the  Atlantic  Avenue  or  third  station  are  four  triple  expansion 
marine  type  condensing  engines  of  650  H.  P.  each,  direct  connected  to 
two  200  K.  W.  General  Electric,  M.  P.  dynamos.  These  engines  are 
supplied  with  steam  at  160  pounds  from  seven  Babcock  &  Wilcox  boil- 
ers of  3,737  square  feet  each.  There  is  also  a  storage  battery  of  140 
Tudor  cells  of  3,470  ampere  hours  capacity  on  each  side  of  the  3-wire 
system. 

The  supply  of  electric  current,  which  may  be  used  for  incandescent 
lamps,  arc  lamps  and  motors  indifferently,  and  is  supplied  at  110  volts, 
or  220  volts  between  the  outside  wires  of  the  3- wire  system,  is  best  shown 
by  our  load  curves.  Here  is  a  curve.  Fig.  1,  of  a  summer  day  beginning 
7  A.M.  The  first  part  of  the  curve  is  the  motor  load  and  office  lighting 
which  drops  off  for  lunch  at  noon  and  again  at  5  p.m.  The  evening 
load  is  residence  and  shop  lighting.  In  the  spring  and  fall,  represented 
by  the  curve  in  Fig.  2,  day  and  night  load  merge  into  each  other,  and 
in  the  winter,  Fig.  3,  they  overlap,  giving  us  this  peak. 

The  dotted  curves  below  the  full  curve  of  total  output  are  the 
curves  of  the  districts  normally  supplied  by  the  different  stations.  Now 
the  third  station  is  of  higher  first  cost  and  also  of  much  less  operating 
cost  than  the  other  stations.  You  can  readily  see  that  it  would  not  pay 
to  pay  interest  on  costly  apparatus  to  supply  this  peak  that  lasts  only  a 
few  hours  a  day  a  few  months  in  the  year,  independently  of  the  copper 
needed  to  transmit  this  maximum  load  to  the  other  parts  of  the  city,  but 
yet  at  light  loads  it  seemed  a  pity  to  have  costly  engines  lying  idle  while 
cheap  ones  were  eating  up  the  coal  pile.  Large  feeders  or  tie  lines  were 
therefore  put  in  with  the  idea  of  carrying  our  average  load  during  the 
great  part  of  the  time  on  the  engines  of  good  economy,  using  the  Head 
Place  and  Hawkins  Street  stations  only  as  reserve  and  to  supply  the 
peak  of  the  winter  curve.  The  result  is  that  with  less  than  40  per  cent, 
of  our  investment  in  high-priced  economical  machinery,  we  are  able 
to  carry  over  90  per  cent,  of  our  average  load  on  it.  It  is  the  same 
principle  as  putting  in  a  good  pumping  engine  for  water  service  and 
a  cheap  one  for  reserve  and  for  fire  service,  only  it  is  a  little  harder 
to  work  out  for  electric  supply. 

Up  to  May,  '93,  we  had  no  tie  lines  and  ran  the  engines  at  each  sta. 
tion  to  supply  the  normal  load  of  the  district.  Since  May, '93,  we  have  been 
able  to  shut  down  the  uneconomical  stations  a  large  portion  of  the  time, 
bringing  down  their  average  load  and  bringing  up  that  of  the  third  sta- 
tion.    The  effect  of  the  tie  lines  is  shown  by  these  curves.  Fig.  4,  which 
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give  the  load  manufactured  by  the  different  stations  and  the  total.  The 
first  three  figures  give  the  curves  of  distributed  load.  Unfortunately 
only  the  second  station  is  available  for  the  comparisons  of  the  use  of 
coal  we  are  now  about  to  make,  since  the  first  station  supplies  a  great 
deal  of  steam  heat  of  which  no  record  can  be  made,  while  various  causes 
in  addition  to  the  change  of  load  have  affected  the  third  station.  For 
the  second  station  we  have  the  following  data  by  months :  Tons  New 
River  coal.  Tons  wharf  screenings.  Average  K.  W.  Engine  hours. 
These  are  obtained  as  follows:  At  the  first  of  the  month  coal  on  hand  is 
measured,  amounting  to  from  50  to  100  tons.  All  coal  brought  into  the 
station  is  weighed  on  the  carts  and  at  the  end  of  the  month  coal  is  again 
measured.     Coal  weighed  -|-  o^"  —  difference  on  hand,  is  coal  used,  and 
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Fig.  1. — Load  Diagram,  August  21.    AVeather  Fair. 


is  divided  between  New  River  and  screenings  in  proper  proportion. 
Half-hourly  records  are  kept  of  the  amperes  and  volts,  which  give  the 
K.  W.  hours,  and  hourly  record  is  kept  of  the  number  of  engines  run- 
ning. We  then  get  the  derived  figures  of  pounds  coal  per  hour  and  per 
K.  W.  hour  and  average  K.  W.  per  engine.  (See  table.)  These ^if/irres 
only  show  a  much  worse  economy  at  small  average  loads,  but  drawing 
with  average  K.  W.  as  abscissae,  two  curves.  Fig.  5,  of  pounds  coal  per 
hour  and  pounds  coal  per  K.  W.  hour  we  find  fairly  regular  curves, 
showing  that  there  is  a  law  connecting  them.  Examining  the  right 
hand  side  of  the  first  curve  we  find  a  straight  line  whose  equation  is 

Y  =^  a  -\-  b  X.  Where  Y  =  pounds  coal  burnt  per  hour  x  =  aver- 

*  At  a  pressure  of  110  volts  at  feeder  ends. 
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age  K.  W.  a  and  b  constants  which  work  out  to   a  =  500  pounds,  3  = 
7^  pounds. 

These  are  obtained  using  only  the  right  hand  portion  of  the 
straight  line  curve,  which  represents  times  when  the  station  was  ready 
to  turn  out  its  full  load  or  nearly  so.  The  left  hand  portion  is  when 
some  of  the  boilers  and  some  of  the  steam  piping  is  shut  down,  making 
in  fact  a  smaller  station,  which  accounts  for  the  droop.  In  our  equation 
we  will  first  put  the  load,  or  x  ^  0.  Then  y  =  500  pounds  per  hour, 
which  is  what  is  necessary  to  keep  the  station  ready  for  full  load  with- 
out turning  out  any  load.  The  other  constant  is  evidently  the  pounds  per 
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Fig.  2. — Load  Diagram,  UcToiiEK  1.     Weather  Cloudy. 


K.  W.  hour  of  any  additional  load  after  paying  the  500  pounds  per  hour 
to  keep  the  station  ready.  Seven  and  a  half  pounds  of  this  coal  per  K. 
W.  hour  is  equivalent  to  about  50  pounds  steam  per  E.  H.  P.,  or  near  to 
40  pounds  per  1  H.  P.  hour,  and  since  the  engines  are  necessarily  run  a 
large  part  of  the  time  either  under-  or  overloaded,  this  does  not  compare 
unfavorably  with  the  figures  obtained  for  this  class  of  engines  on 
test  runs. 

It  should  be  noted  that  there  are  enough  engines  so  that  the  over- 
and  under-loading  of  the  engines  is  not   markedly  different  for  different 

*  At  a  pressure  of  110  volts  at  feeder  ends. 
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*  At  a  pressure  of  110  volts  at  feeder  ends. 
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average  loads  on  the  station  as  is  shown  in  column  of  average  K.  W. 
per  engine  in  the  table. 

This  constant  loss  of  500  pounds  per  hour  is  composed  of  boiler 
losses,  which  are  hot  chimney  gases,  and  radiation  from  boilers,  and 
steam  pipe  losses,  including  radiation  from  steam  pipes  and  steam  leaks. 
The  two  latter  were  determined  as  follows  : — 

All  drips  were  returned  by  a  Gassett  trap  to  a  large  tank  half 
filled  with  cold  water.  The  size  of  the  tank  being  known  the  increase 
in  depth  gave  a  measure  of  the  condensation.  All  the  engines  were 
shut  down,  hence  the  total  water  used  as  per  meter  during  the  test  or 
seven  hours  corrected  for  height  of  water  in  boilers  and  minus  the  Avater 
condensed,  was  a  measure  of  the  steam  or  water  leaks.  The  result  was 
surprising,  the  leaks  amounting  to  about  500  to  600  pounds  water  of 
steam  per  hour,  the  condensation  to  only  about  half  that  amount  on  a 
warm  winter  night.  Another  test  on  a  very  cold  night  gave  about  800 
pounds  leak  per  hour,  a  condensation  in  only  a  part  of  the  piping 
was  about  400  pounds.  Still  another  test,  with  one  half  of  the  steam 
piping  and  all  but  two  boilers  shut  down,  gave  radiation  200,  leak  600, 
on  a  moderately  cold  night.  A  test  one  moderately  warm  day  gave  500 
pounds  leak  per  hour.  The  condensation  includes  the  heating  of  the 
second  story  of  the  building.  The  daily  figures  for  water  consumption 
at  light  loads  after  allowing  an  estimate  for  use  for  water  closets,  etc., 
and  for  actual  steam  in  engines  themselves,  bear  out  these  figures.  As 
these  figures  for  leak  seem  very  large,  I  wish  to  say  that  at  our  third 
station  the  tests  show  still  larger  loss  than  at  the  station  under  dis- 
cussion, yet  at  least  one  member  of  this  society  has  twice  complimented 
me  on  the  excellent  job  of  steam  piping  there.  Besides,  600  pounds  per 
hour  for  even  20  hours  is  only  about  200  cubic  feet,  and  when  boilers 
are  left  low  at  end  of  run  and  then  pumped  full  to  be  ready  for  the 
next  run,  such  a  quantity  may  easily  pass  unnoticed.  The  contraction 
of  water  when  cooling  and  the  curious  vagaries  of  the  water  in  the 
water  glass  of  a  banked  boiler  would  also  help  the  leak  to  escape  de- 
tection, without  special  tests.*  Six  hundred  pounds  steam  leak  is  about 
66  pounds  coal  per  hour.  Say  300  pounds  steam  condensation  is  about 
33  pounds  coal  per  hour.  Subtracting  these  from  the  total  of  500 
pounds,  leave  as  the  boiler  losses  about  400  pounds  coal  per  hour  for  say 
for  4^  boilers  on  an  average. 

Separate  tests  indicate  that  it  takes  about  J  ton  coal  per  day  to 
keep  up  the  pressure  in  a  boiler  of  250  to  300  H.  P.,  without  making 
any  steam,  which,  allowing  for  somewhat  greater  loss  at  full  load, 
checks  up  the  figure  of  400  pounds  we  have  just  obtained  as  well  as 
w^e  can  expect  in  any  discussion  of  this  sort. 

*  See  also  London  Engineering,  April  5,  1895,  for  the  amount  of  this  loss  in 
stearasliip  practice. 
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Fig.  4.— Load  Diagram,  December  13.     Weather  Fair. 

It  seems  probable  that  the  boiler  losses  may  be  chiefly  in  the  chim- 
ney and  not  in  direct  radiation  when  we  remember  how  long  a  boiler 
will  keep  up  its  pressure  with  the  fire  drawn,  provided  the  damper  is 
tightly  closed,  but  some  boiler  trials  I  have  made  render  me  very  chary 
of  forming  a  definite  opinion  on  this  subject.     We  then  have  for  this 


*  At  a  pre-isure  of  110  volts  at  feeder  ends. 
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station  of  1000  K.  W.  capacity,  1350  rated  I.  H.  P.,  12,390  square  feet 
boiler  heating  surface. 

66  pounds  coal  per  hour  .  .  steam  leaks. 

33       "         "      "        "     .  ,  radiation  from  steam  pipes. 
400       "         "      "        "     .  .  hot  gases  and  radiation  from  boilers. 


Total    500       "         "       "        "     .  .  constant  loss  independent  of  load. 
Power  produced  7?  pounds  per  K.  W.  hour  in  addition  to  constant 
loss. 

It  need  hardly  be  said  that  these  figures  should  not  be  considered 
as  an  exact  analysis,  but  merely  as  giving  an  idea  of  the  relative  value 
of  the  quantities.  Nor  are  they  presented  on  account  of  their  excel- 
lence, though  there  are  many  reasons  in  the  nature  of  our  business  why 
we  cannot  ever  get  as  good  results  as  with  the  absolutely  constant  load 
of  a  pump,  or  nearly  so  of  a  mill,  but  I  hope  they  will  be  of  interest  as 
showing  some  results  of  actual  running.  I  may  add  that  we  are  to-dav 
producing  power  at  our  new  station  at  a  cost  per  unit  less  than  half  of 
what  it  formerly  cost  us  in  our  present  sub-stations. 


Tons  ]  Tons 
N.  R.  Dust 
Coal  1 


Eng. 
Hours 


Ave. 
K.  W. 


Lbs. 
Coal 
per 
hour 


Lbs. 
Coal 
K.  W. 
hour 


Ave. 

K.  W. 

per 

Eng. 


January  . 
February  . 
March  .  . 
April .  .  . 
May  .  .  . 
June  .  . 
July  .  .  . 
August  .  . 
September 
October .  . 
November 
December . 


421  333 
386  292 
417  i  338 
2-56  !  256 


147 

163 

7^ 

99 

54 

54 

42 

58 

67 

83 

92 

116 

87 

97 

118 

1.34 

2432 

2102 

2423 

1633 

612 

114 

7 

30 

98 

352 

375 

384 


211.7 

198.2 

204.7 

124.9 

46.8 

7.8 

.3 

1.2 

7.2 

17.7 

25.2 

22.5 


2032 

2080 
2036 
1424 
836 
496 
292 
270 
418 
562 
512 
680 


9.57 

64.7 

10.16 

63-5 

9.92 

62.8 

11.4 

61.2 

17.8 

56.8 

61.5 

50.8 

50.4 

30.9 

58.0 

52.2 

31.7 

52.9 

21.3 

48.4 

29.9 

43.9 

January  . 
February  . 
March  .  . 
April  .  . 
May  .  .  . 
September 
October .  . 
November. 
December  . 


104 

105 

596 

37.9 

748 

19.6 

98 

111 

415 

30.9 

622 

20.2 

92 

109 

299 

20.9 

542 

25.9 

60 

69 

184 

14.4 

258 

25.0 

7 

9 

0 

0 

6 

3 

0 

0 

29 

29 

87 

7.0 

156 

22.3 

86 

91 

256 

21.8 

492 

22.7 

1  150 

155 

412 

41.1 

822 

20.0 

47.4 
50.0 
52.1 
56.4 


52.9 
61.4 
74.1 


By  the  kindness  of  the  President  of  one  of  the  Edison  Illuminating 
Companies  I  am  enabled  to  add  as  an  appendix  the  following  extracts 
from  one  of  his  reports.  His  station  is  very  similar  to  the  one  we  have 
been  discussing,  except  that  it  is  two  or  three  times  the  size,  and  has 
some  compound  engines : 

"Calling  your  attention  to  the  fact  that  the  operation  of  this  station 
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is  for  the  purpose  of  earning  money,  I  would  particularly  call  the  atten- 
tion of  the  Board  to  the  excess  of  the  relative  consumption  of  coal  on 
Sundays  over  week-days,  as  compared  with  the  load.  You  are  all  aware 
that  on  Sundays  the  amount  of  coal  burned  per  H.  P.  hour  sold  usually 
more  than  doubles  the  amount  of  coal  burned  on  week-days;  and  for 
this  reason  our  Sunday  load  is  very  unprofitable.  This  discrepancy, 
however,  points  out  to  us  the  existence  of  a  very  large  constant  waste, 
and  by  means  of  the  proper  comparison  it  enables  us  to  determine  the 
amount  of  this  waste :  :       ■     ' 
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Fig.  o. — Consumption  of  Coal  at  Second  Station. 


Average  number  pounds  of  coal  burned   Sundays,  December,  1893.        .      70,400 

"      "         "  "  April,  1894  .    .    .      62,000 

"  "  "         "      "         "     Week-days,  December,    1893  .    .    .    155,615 

"  "  "         "      "         "  "  April,  1894  .    .    .    106,680 

Average  Amperes.     Sundays,     December,  1893 1,450  2 

"  "  "  April,  1894 1,313.6 

«  "         Week-days,  December,  1894 5,512.0 

"  "  "  April,  1894 3,990.6 

Average   Voltage,     Sundays,     December,   1893 116.6 

"  "  "  April,  1894 116.3 

"  "         Week  days,  December,  1893 122.9 

"  "  "  April,  1893 120.0 
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SOLUTION, 

Let  W  =  waste  per  hour  of  coal  or  amount  used  in  appurtenant  ma- 
chines, exclusive  of  the  steam  engines.     Ji  =  true  rate  per  K.  W.  hour. 

For  December,  1893,  we  have: 

Sundays,  per  hour,  2933— TF^  1450.2  X  116.6  E. 

Week-days,     "         6484— IF  =  5512.    x  122.9  i2. 

(6484— ID  169093.  =  (2933— IF)  677424. 

Tr(677424.— 169093.)  =(2933  X  677424.)— (6484.  x  169093) 

TF=  1791  pounds  per  hour.     19  tons  per  day. 

For  April,  1894,  we  have  : 

Sundays,  2583— IF  =  1313.6  X  116.3  i?. 

Week-days,  4445— Tr=  3990.6  X  120.    B. 
(4445_jf)  152771.7  =  (2583— TF)  478872. 
F  (478872— 152771.7)  =  (2583  X  478872)-(4445  x  152771.7) 
TF  (326100.3)  =  1236926376—679070206.5 
557856169.5 

W  = =  17107.  pounds  per  hour  = 

326100.3  18.3  tons  per  day. 

The  data  for  the  solution  of  the  problem  of  the  waste  of  this  estab- 
lishment has  been  gathered  for  me  by  Mr.  A.,  as  you  see,  and  the  nu- 
merical values  in  the  equations  for  April,  1894,  have  been  checked  for 
me  by  Mr.  B.,  in  order  to  see  if  the  numerical  results  for  December, 
1893,  are  approximately  correct. 

You  will  observe  that  this  result  of  18.3  tons  loss  per  day  very 
nearly  checks  the  19  tons  loss  per  day  as  obtained  by  myself  The 
difference  is  probably  due  to  the  difference  in  temperature  in  two 
months. 

In  what  I  have  to  say,  I  will  refer  more  particularly  to  Decem- 
ber, 1893,  which  problem  I  have  personally  solved. 

Subtracting  1,791  pounds  loss  from  2,933  pounds  daily  consump- 
tion for  Sundays,  I  would  say  that  the  result  shows  5  pounds  of  coal 
per  electrical  H.  P.  Also,  taking  up  the  question  of  week-days,  sub- 
stracting  1,701  pounds  loss  from  6,484  pounds  daily  consumption,  the 
result  shows  5.17  pounds  of  coal  per  electrical  H.  P.  hour  produced. 

This  is  the  coal  used  by  engines  and  dynamos  engaged  in  the 
conversion  of  steam  power  into  electricity,  and  it  is  a  very  good  re- 
sult for  nou-condensing  engines,  such  as  we  have  with  our  very  poor 
quality  of  coal. 

DISCUSSION. 


Mr.  George  H.  Barrus. — Mr.  Hale's  interesting  paper  brings 
forcibly  to  notice  two  points  of  great  practical  and  commercial  value 
regarding  the  design  and  operation  of  .steam  plants  for  electric  work. 
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The  first  of  these  is  one  pertaiuiug  to  the  provision  of  cheap  engines, 
instead  of  costly  ones,  for  relay  power,  and  for  use  during  the  short 
periods  of  heavy  load  ;  and  the  other,  to  the  great  loss,  due  to  leakages 
and  careless  handling,  iu  steam  plants  which  are  engaged  in  the  ^e  ora- 
tion of  electricity. 

In  a  case  like  the  Edison  Company's  plant,  where  the  generating 
stations  are  divided  up  into  a  number  of  individual  plants  distinct  from 
each  other,  where  the  feeder  mains  can  be  interconnected  and  the 
various  plants  operated  as  one  complete  whole,  and  where,  as  it  happens, 
the  machinery  in  one  place  is  of  the  most  economical  type,  while  in 
another  it  is  wasteful,  the  conditions  lend  themselves  most  readily  to 
dividing  the  work,  so  that  the  constant  load  may  be  carried  by  the 
economical  though  costly  engines,  while  the  excessive  heavy  loads  can 
be  taken  up  and  carried  by  the  less  economical  engines.  But  the  same 
principle  can  be  profitably  carried  out,  it  seems  to  me,  in  any  large 
individual  station  where  the  driving  plant  is  made  up  of  a  number  of 
engines.  The  design  of  such  a  station,  embracing  say  half  a  dozen  units, 
to  be  consistent  throughout,  would  provide  that  the  engines  should  be 
duplicates  of  each  other.  If  it  was  thought  best  to  employ  high  pressure 
and  the  most  economical  system  of  expansion,  the  same  design  would  be 
carried  out  on  each  of  the  six  units,  so  that  whatever  engine  is  brought 
into  use  it  would  work  with  the  highest  economy  attainable.  To  be 
consistent  iu  the  design,  I  say,  this  is  the  plan  which  would  be  followed, 
although  the  high  class  engines  would  be  much  more  expensive  to  install 
than  a  type  which  would  consume  more  coal.  But  the  days  when  con- 
sistency in  design  is  the  main  thing  to  be  considered  are  long  past,  and 
the  important  thing  in  steam  and  electric  machinery  nowadays  is  to  get 
the  most  return  for  money  invested,  whether  this  be  for  non-condensing 
slide-valve  engines  which  may  use  50  pounds  of  steam  per  horse-power 
per  hour,  or  from  high  pressure  triple  expansion  jacketed  condensing 
engines  which  may  work  on  11  pounds  of  steam  per  horse-power  per 
hour.  There  may  be  some  difference  of  opinion  as  to  what  class  of 
engine  is  in  the  long  run  the  most  economical.  Whatever  this  may  be, 
it  is  easy  to  see  that  it  is  hardly  worth  while  to  install  a  costly  engine 
for  the  sole  purpose  of  a  relay  and  for  assistance  to  the  main  source  of 
power  during  the  short  time  when  the  heavy  load  is  on,  or  during  times 
of  emergency,  for  during  a  large  portion  of  the  time  the  relay  machinery 
is  standing  idle,  or,  at  best,  only  partially  loaded.  It  seems  to  me  that 
these  relay  engines  should  be  installed  with  a  view  to  obtaining  the 
largest  amount  of  power  with  the  least  expenditure  of  money  for  the 
plant,  and  not  with  a  view  to  economizing  steam,  for  the  question  of 
fuel  economy  in  this  case  is  one  of  comparatively  small  importance. 

The  leakages  and  other  losses  due  to  improper  handling  in  a  steam 
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plant,  composed  of  a  number  of  units  in  accordance  with  electrical  light- 
ing practice,  prove  to  be  a  serious  matter,  especially  where  the  plant  is 
carelessly  handled.  The  multiplicity  of  part^!,  and  the  great  number  of 
valves  and  other  complication  in  the  connecting  pipes  which  are 
required,  makes  it  easy  for  such  losses  to  go  on,  where  in  a  more  simple 
steam  plant  composed  of  only  one  engine  they  could  be  more  easily 
detected  and  prevented.  For  this  reason  much  greater  watchfulness  is 
required  than  in  ordinary  steam  engineering  work,  and,  consequently, 
in  the  absence  of  such  watchfulness  the  trouble  is  greatly  augmented. 
The  extensive  use  of  high  pressure  also  contributes  to  increased  leak- 
ages, for  the  reason  that  valves  and  fittings  become  disordered  with  high 
pressures  much  more  quickly  than  otherwise,  and  when  thus  disordered 
the  loss  from  leakage  is  much  greater  than  with  the  same  amount  of 
disorder  under  a  lower  pressure.  In  the  ordinary  run  of  electric  light 
stations  I  dare  say  that  it  would  be  a  surprise  to  the  engineer  in  charge 
if  he  were  to  kuow  how  much  steam  was  wasted  from  his  plant  by  leak- 
age. In  almost  any  case  if  he  were  to  shut  the  throttle  valves  of  his 
engines,  making  no  other  change  than  to  stop  the  supply  of  steam  to  the 
cylinders,  and,  at  the  same  time,  keep  one  of  the  boilers  in  operation 
with  a  view  to  maintaining  the  regular  pressure  and  keeping  up  a 
supply  for  whatever  leaks  there  might  be,  he  would  find  that  a  con- 
siderable quantity  of  coal  would  still  be  burned  to  make  up  this  loss. 
The  leakages  through  throttle  valves,  drip  valves,  separator  traps,  stop 
valves  for  connecting  pipes,  and  through  the  many  other  branch  pipes 
connected  with  the  steam  system  which  are  provided  for  convenience  in 
the  operation  of  the  station,  some  of  which  might  be  in  a  disordered 
condition,  is,  under  the  ordinary  working  practice,  a  large  quantity. 
Mr.  Hale's  paper  brings  this  fact  out,  and  shows  that  even  in  a  plant 
where  every  precaution  is  taken  to  obtain  good  service,  as  evidenced  in 
the  Edison  Company's  work,  the  same  trouble  exists,  and  it  is  of  vital 
importance. 

There  is  another  point  which  concerns  the  economy  of  the  boilers, 
and  that  is  the  loss  due  to  banking  fires.  A  fire  may  be  banked  and 
the  boiler  kept  in  condition  for  future  work  with  very  little  loss  of  fuel, 
but  this  cannot  be  done  unless  the  doors  are  closed  and  the  damper  is 
shut  off  so  tightly  that  no  cold  air  passes  through  from  the  furnace  to 
the  chimney.  In  the  common  practice  this  does  not  occur,  for  even  with 
the  damper  nominally  closed  there  is  enough  opening  to  produce  a 
considerable  current  of  cold  air  through  the  structure,  and  the  result  is 
that  the  boiler  is  cooled  down,  the  inrush  of  air  burns  up  the  coal  in  the 
bank,  and  the  loss  thus  sustained  must  be  made  good  by  the  use  of 
fresh  coal,  when  the  boiler  again  requires  to  be  set  to  work. 


SOLID  FLOORS  FOR  RAILROAD  BRIDGES.  69 


SOLID   FLOORS  FOR  RAILROAD  BRIDGES.— THEIR 
MERITS  AND    THE    CALCULATION  OF    THEIR 

STRESSES. 


By  Henry  Goldmark,  Member  of  the  Western  Society  op  Engineers. 


The  iron  and  steel  bridges  erected  on  American  railroads,  during 
the  past  few  years,  undoubtedly  show  a  great  improvement  over  the 
older  designs.  The  changes  consist  in  the  use  of  simpler  and  better 
forms  of  construction,  combined  with  a  marked  increase  in  the  weights 
of  the  spans. 

In  fact,  as  far  as  the  principal  members  are  concerned,  the  cross- 
sections  in  our  latest  bridges  are  of  ample  size,  and  the  unit  strains  are 
very  moderate. 

Few  engineers  will  question  the  wisdom  of  thus  providing  a  liberal 
amount  of  material  to  withstand  the  shocks  and  vibrations  of  rapidly 
moving  trains.  We  must  not  forget,  however,  that  the  proper  dimension- 
ing of  the  truss  members  and  the  floor  girders  is  after  all  only  one  part 
of  a  bridge  design.  The  choice  of  the  most  advantageous  form  and  depth 
for  the  trusses,  the  selection  of  a  proper  floor  system,  and,  last  but  not 
least,  the  design  of  the  details  and  connections  are  of  even  greater  im- 
portance. 

Undoubtedly,  improvements  have  been  made  in  all  these  points,  but 
a  candid  observer  can  hardly  doubt  that  there  is  need  of  much  further 
progress.  It  has  indeed  been  asserted,  quite  recently,  and  on  excellent 
authority,  that  the  evolution  of  the  railroad  bridge  is  practically  com- 
pleted, but  history  and  the  observation  of  present  practice,  alike  refute 
any  such  theory  of  perfection. 

It  is,  on  the  contrary,  perfectly  clear,  that  much  work  remains  to  be 
done  in  investigating  the  problems  involved  in  bridge  design  and  the 
best  methods  of  solving  them,  before  we  can  hope  to  succeed  in  buildings 
thoroughly  rigid  and  durable  as  well  as  safe  structures. 

Railroad  bridges  may  be  divided  into  two  classes,  the  requirements 
for  which  are  widely  different. 

There  are,  on  the  one  hand,  large  bridges,  consisting  generally  of 
several  spans  of  considerable  length,  and  crossing  important  rivers.  In 
such  structures  the  dead  weight  of  the  iron  work  will  necessarily  be  great, 
while  the  speed  of  the  trains  is  likely  to  be  moderate.  The  truss  work 
of  these  long  spans  will  be  subjected  to  strains  of  essentially  the  same 
character  as  those  produced  by  quiescent  loads.  Within  reasonable 
limits  the  use  of  long  panels  and  high  trusses  will  not  be  objectionable 
on  practical  grounds,  while  it  will,  of  course,  produce  a  high  degree  of 
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economy.  The  advantages  of  pin  connections,  too,  can  be  obtained  with- 
out any  accompanying  drawbacks.  Moreover,  as  the  speed  of  the  trains 
is  slow,  the  floor  system  will  not  be  subjected  to  excessive  strains  from 
impact,  while  derailments  will  rarely  occur.  In  such  bridges,  economy 
of  material  is  eminently  desirable  from  every  point  in  view,  so  long  as 
the  prescribed  strength  is  maintained. 

On  the  other  hand,  we  have  the  great  bulk  of  our  railroad  bridges, 
viz. :  the  shorter  spans  which  form  an  integral  part  of  our  railroad  lines. 
They  are  of  moderate  length,  few  of  them  being  over  150  feet  long,  and 
are  habitually  passed  over  by  trains  at  full  speed. 

The  conditions  to  be  met  in  designing  such  short  spans  are  evidently 
very  different  from  those  to  which  bridges  of  the  first  class  are  subjected. 
Their  length  being  small,  the  impact  of  the  live  load  on  all  parts  of  the 
iron  work  is  violent,  and  great  care  must  be  taken  to  minimize  its 
effects.  Mathematical  analysis  is  of  little  service  in  settling  the  questions 
involved.  The  static  forces  contained  in  ordinary  strain  sheets  are  by 
no  means  a  measure  of  the  work  the  metal  has  to  do,  while  the  more 
complicated  theories  on  secondary  and  impact  strains  are  as  yet  scarcely 
in  a  shape  fit  for  practical  use.  The  engineer's  judgment  based  on 
practical  experience,  and  a  study  of  bridges  under  the  action  of  traffic, 
will  have  to  be  the  main  guide  in  designing. 

Fortunately,  iron  railroad  bridges  have  been  in  use  long  enough 
and  in  sufficient  numbers  to  give  an  inductive  method  of  this  kind  a 
good  chance  of  application.  Those  bridges  which  have  actually  failed 
while  in  service,  as  well  as  others  that  have  been  replaced  for  structural 
weakness,  present  abundant  material  for  criticism  and  study. 

For  short  spans,  more  than  for  any  others,  the  aim  of  the  designer 
should  be  to  produce  a  structure  which  shall  act,  as  far  as  possible,  as  a 
single  unit,  with  the  least  possible  movement  of  the  separate  parts,  as 
well  as  of  the  bridge  as  a  whole.  All  types  of  truss,  and  all  details  and 
connections,  which  conflict  with  this  requirement  must  be  discarded. 
Economy  should,  of  course,  be  studied,  but  it  will  be  found  to  consist 
rather  in  using  such  forms  as  are  simple  in  detail  and  easy  of  construc- 
tion than  in  striving  to  reduce  the  weight  of  metal  used  to  a  minimum. 
As  an  increase  in  the  weight  of  the  iron  work  and  the  flooring  is  the 
most  efficient  means  of  absorbing  shock  and  decreasing  vibrations,  any 
additional  metal  in  a  short  span  is  of  decided  advantage,  and  the  expense 
involved  is  usually  small  as  compared  with  the  total  cost.  In  connection 
with  this  matter,  it  must  be  remembered  that  the  actual  expense  of  the 
shop  work  remains  almost  the  same  even  though  the  weight  of  the  sec- 
tions be  considerably  increased.  At  the  present  time,  steel  shapes  for 
bridge-work  can  be  bought  at  the  Pittsburg  mills  for  a  price  barely 
exceeding  one  cent  per  pound,  so  that  to  adopt  an  economy  of  material, 
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which  may  shorten  the  life  of  the  structure,  appears  more  than  ever  a 
short-sighted  policy. 

A  neglect  of  the  above  considerations  was,  however,  quite  general 
in  American  iron  bridge-work  at  no  remote  period  in  the  past.  The 
sound  practical  judgment  which  had  given  to  the  world  such  valuable 
constructions  as  the  Howe  truss  and  the  timber  trestle  seemed  for  some 
years  entirely  set  aside,  and  the  desire  for  an  extreme  economy  super- 
seded all  other  considerations  in  the  design  of  iron  bridges.  To  this 
period  belongs  a  type  of  bridge,  unfortunately  not  yet  extinct  on  Ameri- 
can railroads,  in  which  the  requirements  of  rigidity  were  almost  wholly 
disregarded.  Even  for  the  very  shortest  spans  the  use  of  eyebars  and 
rods  connected  by  small  pins  was  universal  in  the  trusses,  while  the 
lateral  and  floor  systems  were  connected  in  the  loosest  possible  way.  On 
a  well-known  Western  railroad,  the  writer  recalls  examining  a  sixty-foot 
iron  deck  span,  which  was  made  up  of  some  three  hundred  separate 
members  and  details  connected  by  pins.  The  vibrations  of  this  bridge 
under  a  moviug  train  were  ([uite  alarming,  although  the  sections  of  the 
truss  members  were  in  virtual  agreement  with  the  usual  strain-sheet 
requirements. 

Of  late  years,  as  is  well  known,  the  merits  of  plate  girders  for  rail- 
road work  have  been  more  fully  appreciated,  and  this  excellent  form  of 
construction  has  come  into  general  use  up  to  lengths  of  80  and  even  100 
feet.  For  longer  spans  the  riveted  lattice  type  is  constantly  growing  in 
favor,  and  is  likely  to  become  the  standard  form  for  all  ordinary  railroad 
bridges.  The  experience  of  those  American  railroads  that  have  adhered 
to  riveted  connections  from  an  early  day  has  been  a  very  satisfactory 
one,  while  European  practice  has  been  wholly  on  this  line.  It  seems  to 
the  writer  that  this  development  of  truss  construction  is  the  best  possible 
one  for  obtaining  rigidity  in  our  bridges. 

With  regard  to  the  floor  system,  it  may  fairly  be  said  that  its  proper 
design  is  of  even  greater  importance  than  that  of  the  trusses.  It  is  that 
part  of  the  bridge  with  which  the  engine  and  train  loading  first  come  in 
contact,  and  all  its  details  and  connections  are  subjected  to  violent 
strains.  It  also  serves  to  tie  the  two  trusses  together,  and  thus  forms  an 
important  part  of  the  lateral  bracing.  Any  increase  in  the  engine 
weights  affects  the  short  girders  of  the  floor  system  far  more  seriously 
than  any  other  part  of  the  bridge.  In  fact,  a  decrease  in  the  wheel  base 
alone,  without  any  change  in  the  total  loading,  may  have  a  dangerous 
effect  on  the  floor.  As  an  instance  of  this,  the  writer  may  mention 
a  case  in  his  practice  where  by  merely  shortening  by  twelve  inches  the 
driving  wheel  base  of  a  ten-wheel  engine  the  strains  in  the  floor-beams 
and  stringers  were  increased  fully  twenty  per  cent.  For  this  reason  the 
floor  system  is  usually  the  first  part  of  a  bridge  to  be  overstrained  by 
the  introduction  of  new  types  of  locomotives. 
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The  main  defects  of  our  ordinary  floor  systems,  however,  lie  much 
deeper  than  in  the  mere  scant  proportioning  of  the  sections,  and  are  more 
difficult  to  remedy.  While  most  floors  are  strong  enough  to  carry  an 
engine  and  train  safely  under  normal  conditions,  few  will  do  so  when  any 
part  of  the  train  is  derailed  or  in  "  bad  order."  It  is  indeed  often  main- 
tained that  a  bridge  floor  is  intended  to  carry  a  train  when  it  is  on  the  track 
and  not  on  the  ties,  and  that  the  engineer's  task  is  fulfilled  when  he  has 
built  a  structure  capable  of  doing  so.  This  explanation  of,  or  apology 
for,  bridge  failures,  absurd  as  it  is,  has  often  been  heard,  even  from  men 
directly  engaged  in  designing  bridges. 

The  point  at  issue  is  a  severely  practical  one.  The  railroad  mana- 
ger and  the  traveling  public  are  right  in  asking  that  the  railroad  bridge, 
like  any  other  tool,  should  be  capable  of  accomplishing  such  work  as  it 
is  liable  to  be  called  upon  to  do  during  its  life. 

As  a  matter  of  fact,  the  occurrence  of  a  broken  brake  rigging  or 
axle,  a  cracked  wheel  or  a  derailed  truck,  are  conditions  likely  to  con- 
front it  at  every  movement. 

We  cannot  be  asked  to  do  what  is  impossible,  but  if  a  floor  system 
can  be  designed  which  will  be  safe  even  under  such  untoward  conditions, 
it  is  clearly  our  duty  to  provide  it. 

A  safe  bridge  floor  should  be,  what  it  was  called  by  the  early 
English  engineers,  a  platform,  i.  e.,  an  unbroken  surface  from  one  end  of 
the  span  to  the  other,  strong  enough  and  rigid  enough  to  support  a  mov- 
ing or  even  a  derailed  train  at  any  point.  If  the  floor  meets  these 
requirements,  it  will  go  far  towards  making  a  total  collapse  of  the  bridge 
structure  impossible.  It  will,  perhaps,  be  objected  that  a  derailed  car  is 
likely  to  strike  the  trusses  before  reaching  the  edge  of  such  a  platform, 
so  that  it  is  unnecessary  to  provide  an  unbroken  deck  of  full  width. 
But  even  when  this  occurs,  the  car  is  sure  to  do  less  injury  to  the  trusses, 
if  it  is  properly  supported  on  the  top  of  the  floor,  than  it  v/ould  be  when 
dropping  through  the  gaps  of  an  open  or  discontinuous  flooring. 

Even  the  best  of  our  ordinary  floor  systems  do  not,  in  the  opinion 
of  the  writer,  conform  fully  to  the  requirements  laid  down  above,  while 
on  the  majority  of  railroads  there  are  at  least  some  spans  with  very 
defective  floors.  In  the  United  States,  timber  was  for  a  long  time  the 
sole  material  in  use  for  the  stringers,  ties  and  guard-rails  of  bridges,  and 
in  many  cases  for  the  transverse  floor-beams  as  well.  Of  late,  iron 
rolled  beams  or  short  plate  girders  have  replaced  the  wooden  stringers, 
though  for  ties  and  guard-rails  timber  is  still  universally  used.  There 
is  no  doubt  that  with  a  proper  proportioning  and  spacing  of  the  string- 
ers and  ties,  and  securely  fastened  guard-rails,  timber  floors  can  be  built, 
which  will  be  fairly  safe  as  long  as  the  timber  is  new.  As  a  matter  of 
fact,  the  ties  are  too  short  and  spaced  at  too  great  intervals  on  most 
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bridges,  while  the  arrangement  of  the  guard-rails  is  faulty,  so  that  a 
derailed  train  finds  but  little  support. 

To  be  entirely  secure,  there  should  be,  at  least,  four  lines  of  iron 
stringers,  the  outer  ones  being  close  to  the  trusses,  and  sti'ong  timber 
ties  spaced  very  closely,  preferably  with  openings  not  exceeding  four  to 
six  inches.  The  guard-rails  should  consist  of  iron  or  of  timbers  pro- 
tected by  iron  angles,  and  it  is  desirable  to  have  an  inner  as  well  as  an 
outer  rail.  A  floor  of  this  kind  will  necessarily  be  somewhat  expensive 
and  difficult  to  renew;  the  danger  from  fire  will  always  be  present,  and 
its  life  will  rarely  exceed  eight  to  ten  years.  With  heavy  engines,  the 
rails  are  likely  to  cut  into  the  ties,  and  the  rail  fastenings  to  become 
loose.  As  a  whole,  even  the  best  timber  floors  will  be  far  from  fulfilling 
all  necessary  requirements  as  to  safety  and  durability. 

Of  late  years,  solid  or  continuous  floors  of  iron  or  steel  have  come 
into  use  on  a  number  of  American  railroads,  though  generally  only  in 
exceptional  cases.  In  England  they  have  for  many  years  been  exten- 
sively employed.  They  consist,  as  a  rule,  of  a  series  of  troughs  running 
transversely  to  the  main  girders  or  trusses,  to  which  they  are  fastened. 
In  some  cases  the  troughs  are  replaced  by  rolled  beams,  closely  spaced 
and  connected  by  a  continuous  iron  plate.  The  rails  are  either  fastened 
directly  to  the  iron  troughs  or  to  timber  cross-ties.  In  the  latter  case 
there  is  often  a  ballast  filling,  so  that  adjustments  in  the  track  can  be 
made  by  tamping. 

The  best  of  these  constructions  possess,  in  the  opinion  of  the  writer, 
many  advantages  over  timber  floors,  with  but  few  drawbacks,  while 
their  expense  is  not  unreasonably  great.  They  present  an  unbroken 
platform  or  surface,  equally  strong  at  all  points,  and  besides  this,  form 
a  very  rigid  system  of  lateral  bracing  between  the  trusses.  There  is 
also  the  incidental  advantage  that  the  tracks  may  cross  the  floor  at  any 
angle,  so  that  frogs  and  switch  connections  can  be  placed  anywhere  on 
the  bridge.  Where  a  very  shallow  floor  is  a  necessity,  the  trough  con- 
struction is  often  the  only  feasible  form.  The  avoidance  of  fire  risks  is, 
of  course,  an  additional  recommendation  for  iron  as  compared  with  a 
timber  floor. 

While  the  solid  floor  is  still  something  of  a  novelty  in  America,  it 
is  likely  to  be  used  more  extensively  in  the  future,  as  it  possesses  great 
merit  as  compared  with  other  forms. 

As  a  matter  perhaps  not  devoid  of  interest,  the  writer  begs  to  pre- 
sent some  computations  made  by  him  on  certain  types  of  solid  floor 
during  the  past  year  or  two.  It  is  believed  that  the  theory  of  strains 
involved  may  offer  some  points  of  value,  apart  from  its  application  in 
practical  designing. 

The  forms  selected  are  shown  in  Figs.  1  to  5,  in  which  the 
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troughs  with  inclined  sides  (Figs.  3  and  4)  represent  the  shapes  used  by 
the  Illinois  Central  Eailroad  on  its  elevated  tracks  in  the  city  of  Chicago, 
while  the  square  troughs  were  adopted  by  the  Lake  Shore  and  Michigan 
Southern  and  the  Chicago,  Rock  Island  and  Pacific  Railroads,  for  simi- 
lar work  constructed  in  1894. 


n6  4- 
I         nam  or  RCS7  top-bs^.  Borm  9ss 


The  mechanical  theory  of  least  work  was  first  applied  to  the  calcula- 
tion of  the  strains  in  solid  floors  in  a  very  interesting  and  valuable 
article  on  the  subject,  published  a  year  or  two  ago,  with  examples  from 
English  practice.* 

As  in  all  structural  work,  there  are  two  points  to  be  determined  : 

(a)  The  maximum  stress  that  will  occur  in  any  part  of  the  struc- 
tui'e  under  the  applied  loads. 

(Jb)  The  deformations  and  deflections  accompanying  such  strains. 

The  solution  cannot  be  obtained  in  this  case  by  statics  alone,  as  it 
involves  some  considerations  which  belong  to  the  theory  of  elasticity. 

Taking  the  floor  shown  in  Fig.  4,  we  have  evidently  a  combina- 
tion of  a  certain  number  of  transverse  beams  13  feet  long,  supported  on 
the  main  girders,  and  two  longitudinal  beams,  viz.,  the  track  rails.  If 
ir  represents  a  wheel-load  directly  over  one  of  the  troughs,  this  trough 
as  well  as  the  rail  at  this  point  will  deflect  a  certain  amount.  The  rail 
in  its  turn,  will  depress  the  troughs  at  either  side,  and  thus  the  weight 


*  Cf.  Engineerinx)  (London),  September  15,  1893. 
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TFwill  be  distributed  over  a  number  of  troughs.     We  have,  therefore: 

W=B,  +  2i?i  +  2B,  +  2B,  +  2i?4, 
where  the  number  of  troughs  to  be  taken  into  consideration  depends  on 
the  relative  rigidities  of  the  rail  and  the  troughs.  The  problem  then 
resolves  itself  into  finding  out  in  what  proportion  W  is  carried  by  the 
different  troughs  ;  wlien  this  is  known  the  strains  in  the  troughs  and  the 
rails  can  be  computed  by  the  ordinary  theory  of  beams. 

By  the  principle  of  least  ivork  we  can  conclude  at  once  that  the  dis- 
tribution of  loading  will  be  such  that  the  total  work  done  in  deforming 
the  rails  and  the  troughs  will  be  a  minimum.  It  remains,  then,  to  find 
an  expression  for  this  work  of  deformation  and  from  it  to  deduce  i?o, 
i?i,  i?2,  etc.,  in  terms  of  W.  By  a  formula  due  to  Eider,  we  know 
that,  for  any  beam  of  uniform  cross-section  and  materials 

1      fM^dx 
The  Work  of  Bending  = I 

2EI^ 

where  31  :=  Bending  Moment  of  External  Forces 
E  =  Modulus  of  Elasticity, 

and      /  =  Moment  of  Inertia. 
Applying  this  formula  to  our  case. 
The  work  of  bending  one  trough  under  two  loads  E  (Fig.  5) 

1/^48  1/^108 

:= E  2j;  ^dx  H 1       48  ^E^  dx 

EI       °  2EI      *^ 

Which  by  integration  substituting  for  Jits  value  =  22 

E^ 

=  1606  — 

E 


This  formula  may  be  proved  as  fulluws  : 


I 


-dF 


Fig.  6. 

If  Figf.  6  represents  a  beam  cut  at  any  pohit, 

Let  clF  =^  an  elementary  area  at  a  distance  y  from  the  central  axis. 

s  =  unit  strain  on  dF. 

Then  sclF^  total  force  acting  on  dF. 

.sf  X  __  gignjgntary  distance   passed  over   by  this  force  ;    and  work    done  = 

i  sdF    ^  d.v 
E 

wiiicli  for  the  whole  cross-section  = 

.l,r  M'Ulx. 

This  expression  when   integrated   for  any  given  length  of  the  beam  gives  the 
form  in  the  text. 
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Hence  if   Ut  ^=  work  of  bending  all  the  troughs 
1606 

Ut  = C/^o'  +  2  7^2  ^  2  B,^'  +  2  B^^  +  2  B^^) 

E 
Or,  by  substitution,  since  B^  =  ]V—2B^  —2B^  —  2  B^  —2  B^ 

1 

Xj^  =_(1606    W    +  9636  iv\2   +  9636  B^''   +  9636  B^^   + 

9636  B^^  +  12848  i?i  B^  +  12848  i?i  i?3  +  12848  B^  B^  + 

12848  B^  i?3  -f-  12848  B^  B^  +  12848  i?3  B^  —  6424  ri?i  — 

6424  WB^  —  6424  Tr7?3  —  6424  WB^). 

Again  from  formula  ( J.)  ; 

Jf  JJii  =  work  of  bending  the  two  rails, 

Where  3/^  il/g  M^  M^  are  bending  moments  in  the  different  panels 
of  the  rail. 

The  rail  is  here  a  continuous  girder  with  reactions  at  the  supports 
=  i?o,  -Ri,  ^2.  -^3  and  J?4,  respectively,  so  that  we  can  write 

M^=B^  X 

M^=B^l-i-  B^  X  +  i?3  X 

Jfg  =2BJ  +  B^yl  +  B^  X  +  i?3  a;  +  B^  x 

M^  =  'i  BJ-i-2  B^l  +  B^l  +  B^  X  +  Bsx   ,-  B^  x  +  i^^  a- 
where  I  =  the  panel  length  =  16  inches. 

By  reduction  we  have : 

1 

C/iJ  =  — (3972i?4  2_^1676i?3  2+  497  i?^^  J^  Q2 B^^ +  1738  B^B^  + 
E 

497  i?i  i?3  +  310  i?i  B'^  +  5027  i?3  i?^  +  2483  B.^B^  + 
683  Bi  B^). 
Hence  if  U  =:  Ut  +  ?7/i  =  total  work  done. 
We  can  write : 

[7-^(1606  W  +  13608  i?:j3_^  11312  i?3'»  +  10133  i?^^  +9698i2i2 

E 

+  13158  B^  i?2  +  13345  B^  B^  +  13530  B^  B^  +  14586  B^  B^  + 
15331  i?2  B^  +  17875  /?3  ij!^  —  6424  WB^  —  6424 
WB^  —  6424  1^3  —  6424  WB^^ 

This  is  a  function  of  B^  B^  B^  and  B^  and  will  be  a  minimum 
when  all  the  partial  derivatives  are  equal  to  zero. 

Differentiating  we  have  : 
j^  =  ^  {27-216  B^+  17875  B^^  15331  B^-{- 13531  B^  —  6424  !f1 
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^  [15331  i?4  +  14586  i?3+  20265  R^_  +  13158  R^  —  6424  W~\ 


j^  =   1  (ll^lbR^  +  22624  i?3  +  14586  i?2  +  13345  7?^  — 6424  f") 

dU  ^ 
dR,^       E 

f^  =4  (  13531  i?4  + 13345  i?3+13158  7?2+  19396  i^^  —  6424  TF) 
tt/tj         Jii  \.  J 

Equating  these  to  zero  and  reducing  we  have: 

424  i?4  +  279  i?3  +  239  R.  +  210  R^  =  100  W 
279  i?4  +  362  R^  +  227  R^  +  208  R^  =  100  W 
239  i?4  +  227  i?3  +  316  R^  +  205  i^j  =  100  W 
210  ii*^  +  208  i/3  +  205  i?2  +  302  i?i  =  100  W 
These  simultaneous  equations  may  be  solved  Without  any  especial  diffi- 
culty and  give  : 

i?o  =  .192   W. 
R,  =  .173    W. 
i?2  =  .120   TF. 
ii'3  =  .080   W. 
R^  =  M1   W. 
By  the  same  method  we  get  for  the  second  type  (Figs.  1  and  2) : 
R^  =  .od    W. 
i?,  =.26    W. 
i?2  =  .09    W. 
i?3  =  — .045   W. 
Having  thus  obtained  the  proportion  of  a  single  concentrated  load 
carried  by  the  different  troughs,  the  calculation  may  readily  be  extended 
to  any  system  of  axle  loads  desired. 

In  practice  the  driving-wheels  of  engines  ai'e  rarely  less  than  five 
feet  apart,  and  we  may  suppose  a  wheel  to  be  placed  at  every  fourth 
trough  in  Fig.  4,  or  every  third  trough  in  Fig.  1. 

Combining  the  percentages  of  W,  which  are  thus  concentrated  on 
the  different  troughs,  we  find  that  the  distribution  of  the  loading  over 
all  the  troughs  of  the  floor  will  be  nearly  uniform.  In  other  words,  in 
the  first  case  each  trough  carries  one  quarter  of  the  wheel  load,  and  in 
second  case,  one  third.  These  results  enable  us  to  compute  the  greatest 
strains  likely  to  occur  in  any  one  trough  with  a  degree  of  accuracy 
fairly  comparable  with  that  obtained  in  the  other  parts  of  bridges.  It 
may  indeed  be  objected  that  the  stiffness  of  the  rail  is  depended  upon  to 
a  greater  degree  than  is  proper,  but  it  is  doubtful  whether  the  condi- 
tions under  which  the  rail  acts  on  a  bridge  of  this  kind  are  not  more 
fa"'orab]e  to  its  life  than  those  met  with  on  the  rest  of  the  road-bed. 

A  furt^^er  point  has  been  raised  as  to  the  effect  of  an  inefficient  rail 
joint  on  the  distribution  of  the  loading.  Some  computations  have  been 
made  by  the  writer  on  this  point.     In  order  to  make  the  case  as  unfavor- 
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able  as  possible,  the  joint  plates  have  been  supposed  to  be  entirely 
removed.  The  result  of  the  computation  indicates  that  even  in  this 
case  the  maximum  load  on  a  trough  is  but  slightly  increased  over  the 
proportions  tabulated  above. 

In  some  cases,  moreover,  additional  iron  rails,  or  deck  beams  and 
angles,  have  been  used  as  guard-rails,  which  are  of  course  quite  efficient 
in  distributing  the  load  longitudinally. 

It  is  beyond  the  scope  of  this  paper  to  discuss  at  length  the  different 
forms  of  solid  floors  or  their  relative  strength. 

The  question  of  depth  is  often  decided  by  local  considerations  which 
govern  special  cases.  As  shown  by  a  comparison  of  the  two  cases  con- 
spidered  above,  the  shallower  floors  distribute  the  loading  more  widely 
and  thus  reduce  the  strains  and  lead  to  an  economy  of  material.  They 
are,  however,  not  very  stiff"  under  trains,  and  this  lack  of  rigidity,  though 
perhaps  advantageous  to  the  rolling  stock,  may  tend  to  loosen  the  rivet 
connections  or  even  the  track  fastenings.  The  deeper  floors  concentrate 
the  loading  so  that  each  trough  contains  more  metal,  and  the  floor  is 
made  more  rigid  even  if  it  is  not  stronger  than  one  of  lesser  depth. 

It  seems  advisal)le  on  the  whole  not  to  go  below  a  depth  of  nine  or 
ten  inches  for  the  floors  of  single-track  bridges,  at  least  under  such  heavy 
train-loads  as  must  usually  be  provided  for. 


DISCUSSION. 


Mr.  Wallace. — Mr.  Goldmark  has  evidently  overlooked  the  fact 
that  the  C.  M.  and  N.  Division  of  the  Illinois  Central  has  five  bridges, 
having  the  style  of  floor  mentioned  in  the  first  part  of  his  papei',  or  a 
similar  style,  that  have  been  in  service  five  years.  This  floor  was 
designed,  under  the  general  direction  of  Mr.  E.  L.  Corthell,  by  Mr.  A.  F. 
Robinson,  and  was  used  in  five  bridges  on  what  is  known  as  the  Clyde 
viaduct,  where  the  Illinois  Central  crosses  the  Chicago,  Burlington  and 
Quiney  Railroad,  west  of  the  city.  One  of  these  bridges  is  a  150  feet 
span  ;  the  other  four  are  plate  girders.  The  depth  of  the  trough  was  12 
inches,  and  made  substantially  square,  as  shown  on  drawings.  The  tie, 
however,  rests  on  a  reversed  angle  placed  6  inches  below  the  top  of  the 
trough  ;  the  tie  being  8  inches  in  thickness,  the  rail  rests  on  the  tie,  clear- 
ing the  ironwork  2  inches,  the  tie  serving  as  a  cushion  between  the  bridge 
floor  and  the  rail.  This  floor  is  very  stiff"  and  has  given  satisfactory  re- 
sults. This  trough  section  of  floor  (indicated  on  drawing),  the  design 
mentioned  by  Mr.  Goldmark  as  being  used  on  the  bridges  over  the  streets 
on  the  Illinois  Central  elevated  work  through  Hyde  Park,  was  adopted 
on  account  of  its  being  a  commercial  section  that  could  be  easily  and 
quickly  procured;  as,  after  the  railroad  company  decided  to  do  this  work 


SOLID  FLOORS  FOR  RAILROAD  BRIDGES.  79 

there  ouly  reinaiued  niue  months  to  design  and  cuustruct  the  bridges, 
aud  it  was  found  the  work  would  be  delayed  in  case  any  other  design 
was  used.  It  was  therefore  not  considered  advisable  to  make  a  special 
design  and  run  the  risk  of  delay. 

In  the  original  jdan  the  ties  rested  on  the  bottom  of  the  troughs,  as 
indicated  by  Mr.  Goldmark,  it  being  the  intention  to  bed  the  ties  in  a 
preparation  of  asphalt  or  asphalt  concrete,  in  order  to  deaden  the  noise 
aud  preserve  the  ties  It  w^as  afterwards  found,  however,  that  this  work 
could  not  be  contracted  for  at  less  than  $1.25  or  $1.50  per  tie,  and  that 
no  track  could  be  spared  from  service  for  our  own  men  to  do  the  work, 
and  the  plan  was  abandoned,  the  ties  being  permitted  to  rest  on  the  bot- 
tom of  the  troughs  as  indicated  in  the  drawings.  The  ties  are  now  being 
taken  out  of  the  troughs  and  shifted  so  as  to  rest  on  top  of  the  sections, 
enabling  the  troughs  to  be  regularly  cleaned   out  and  properly  painted. 

While  these  floors  have  given  very  satisfactory  results,  and  after 
sixteen  months'  hard  usage  we  have  found  no  loose  rivets,  the  present 
plan  will  add  strength  to  the  floor,  and  is  expected  in  some  measure  to 
relieve  the  strain  on  the  rivets.  Our  fast  suburban  trains  are  now  pass- 
ing over  this  floor  at  10  to  15  minutes  intervals  aud  at  speeds  of  from  45 
to  50  miles  an  hour.  The  trafiic  on  the  other  tracks  is  heavy  and 
continuous. 

The  additional  reason  we  had  for  taking  the  ties  out  of  the  troughs 
and  putting  them  on  top  of  the  sections  was  to  relieve  the  rail  from  the 
liability  of  contact  with  the  iron  by  cutting  into  the  ties,  as  when  the 
ties  remained  in  the  troughs  there  was  only  a  fraction  of  an  inch  clear- 
ance, and  as  we  are  using  the  track  circuit  for  the  operation  of  our  block 
signals  the  rail  coming  in  contact  with  the  iron  would  interfere  with  the 
satisfactory  operation  of  these  signals. 

Mr.  W,  R.  Roberts. — I  would  like  to  ask  how  high  the  ties  are? 

Mr.  Wallace. — Six  inches. 

Mr.  Bainbridge. — I  would  like  to  ask  if  you  have  any  trains  off 
the  tracks  under  those  conditions  ? 

Mr.  Wallace. — No. 

Mr.  Roberts. — I  would  like  to  ask  what  the  deflection  was  ? 

Mr.  Goldmark. — In  this  case  the  deflection  was  less  than  half  an 
inch. 

Mr.  Roberts. — That  is  under  the  rail  ? 

Mr.  Goldmark. — Yes. 

Mr.  Lundie  — In  Mr.  Goldmark's  equation  he  equates  the  work 
done  by  IT  to  the  work  done  by  rail  and  troughs.  There  is  the  work 
done  by  the  girders,  the  structure  being  elastic  and  having  deflection, 
Now,  do  you  take  any  account  of  the  ties,  or  do  you  consider  they  dis- 
tribute the  work  uniformly  along  the  troughs.  Will  not  that  form  an 
important  element  in  figuring  the  deflection? 
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Mr,  Goldmark. — It  would,  but  the  deflection  is  so  slight,  I  did 
not  introduce  the  deflection  in  the  calculation  of  that  work  at  all. 

Mr.  Lundie. — Take  the  work  of  the  tie,  will  it  not  aflect  the 
result  ? 

Mr.  Goldmark. — Yes  ;  but  it  will  be  favorable;  the  deflection  will 
be  even  less. 

Mr.  Wallace. — I  understand  that  you  did  not  take  into  consider- 
ation the  work  of  the  tie  itself  at  all? 

Mr.  Goldmark. — No ;  I  did  not.  That  would  make  each  girder 
a  little  bit  stronger  than  it  would  be  otherwise.  Just  how  much  I  do 
not  think  it  would  be  easy  to  say,  but  it  will  make  all  the  expressions 
a  little  stronger. 

Mr.  Wallace. — In  connection  with  the  ties  I  would  like  to  make 
this  remark,  that  the  girders  along  the  Illinois  Central  are  generally 
placed  13  foot  centers,  and  several  times  we  have  changed  our  tracks 
from  one  space  to  another,  and  in  one  case  we  were  not  able  to  get  our 
iron  floors  for  them,  and  we  support  our  tracks  over  these  openings  by 
stringers,  which  are  virtually  ties,  resting  on  the  flanges  of  the  girders 
here  (indicating  shelf  angles),  and  not  having  solid  floors.  We  are 
using  12  X  12  aud  8  x  16-inch  ties,  they  are  ties  or  floor-beams,  whatever 
you  may  call  them,  resting  on  the  bottom  flange  here.  (Indicating 
shelf  angles.) 

Mr.  Horton. — I  wish  to  place  myself  on  record  in  support  of  Mr. 
Goldniark's  suggestion  that  bridge  designs  should  be  simple,  using  ma- 
terial from  the  rolls  in  large  sizes  rather  than  small.  If  a  flange  of  a 
girder  requires  a  total  section  not  exceeding  what  may  conveniently  be 
procured  in  two  angles,  use  two  angles  only.  Relieve  the  girder  of  stiff"- 
eners  ;  except  where  there  is  some  reason  to  suppose  they  are  useful.  Put 
the  weight  of  useless  stiffeners  into  extra  thickness  of  web  or  other  parts, 
to  the  end;  that  the  structure  shall  be  better  prepared  to  resist  shocks  as 
well  as  destruction  caused  by  rust. 

Following  this  line  of  thought,  I  think  a  clause  introduced  in  speci- 
fication, requiring  all  metal  to  be  at  least  i  inch  thick,  would  be  in  the 
right  direction.  Mr.  Goldmark's  investigation  would  lead  to  the  con- 
clusion that  the  quite  general  specification  (for  timber  ties  laid  on  string- 
ers, say,  1  foot  4  inch  centers),  that  three  ties  be  assumed  to  carry  a 
full  wheel  load,  is  satisfactory,  in  fact  fully  justified  by  the  investigation. 

In  the  solution  of  equations  as  they  appear  from  Fig.  4,  and  assum- 
ing an  additional  wheel  load  placed  at  JR^,  both  right  and  left,  we  dis- 
cover that  the  rail  is  called  upon  to  act  as  a  continuous  beam  5  feet  4 
inches  between  supports,  resulting  in  nearly  equal  distribution  of  the 
load  on  the  points  Mo  Hi  i?2  -Ks  J^i- 

With  a  wheel  load  of  36,000  pounds  at  Ro,  and  also  at  E^,  both 
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right  and  left,  we  shall  have  at  Bo  9,144  pounds  ;  at  Rj  9,108  pounds; 
at  R2  8,&40  pounds,  and  at  Bs  9,108  pounds,  aggregating  one  wheel  load. 
That  is,  with  the  assumed  rail  section  and  assumed  floor  (precession  of 
wheels  quite  as  actually  used),  a  variation  is  shown  in  the  load  on  all 
the  troughs  of  only  504  pounds.  If  this  is  a  fact  it  appears  the  lail  is 
called  upon  to  do  a  very  considerable  amount  of  labor  as  a  beam. 

The  two  solid  floors  shown  have  taken  very  different  directions  in 
design,  one  using  ties  of  timber,  in  the  other,  rails  being  secured  directly 
to  the  metal  work.  Also  attachment  of  floor  to  girder  is  one  of  further 
radical  difference ;  one  rests  upon  shelf  angles,  the  other  has  connecting 
angles  with  oblique  gussets. 

Another  point  in  connection  with  the  solid  floor.  Shall  the  floor 
be  water-tight,  as  in  the  two  examples  shown  by  Mr.  Goldmark  ?  My 
attention  has  been  called  to  a  track  elevation  ordinance  in  another  city, 
where  it  is  specifically  stated  that  the  floor  shall  be  open  to  allow  light 
to  pass  through.  The  open  construction  will  more  than  likely  be  most 
in  favor  as  best  serving  all  questions  of  stability  as  well  as  durability 

It  is  my  understanding  that  solid  floors,  as  used  in  Europe  and 
generally  in  this  country  up  to  the  present  time,  have  had  track  with 
ties,  with  or  without  ballast.  The  tendency  to  rust  under  the  ties  and 
ballast  without  chance  for  inspection  has  developed  a  modified  design. 

The  distance  from  base  of  rail  to  clearance,  where  solid  floors  are 
used,  is  material,  the  demand  in  most  cases  is  for  very  narrow  limits. 

Some  months  since  I  had  occasion  to  work  out  a  solid  floor,  using.  I- 
beams — the  sketch  shows  the  design — the  flange  of  the  I-beams,  top  and 
bottom,  being  open  for  inspection. 

Considering  the  I-beam  in  connection  with  the  various  require- 
ments for  solid  floors :  It  will  allow  the  floor  to  be  as  shallow  as  any 
section.  It  may  be  an  open  construction  by  simply  leaving  out  the  con- 
crete filling,  or  water-tight  with  the  filling.  It  may  be  set  on  shelf 
angles  or  secured  by  connetiug  angles,  or  carried  by  oblique  gussets. 
It  will  take  less  pounds  of  material  than  any  other  form  suggested.  It 
will  require  materially  less  work  in  the  shop,  and  certainly  no  more  in 
the  field  than  the  various  other  methods  proposed. 

Indurated  fibre  between  the  rail  and  the  channel  is  proposed,  first 
to  i-educe  the  wear  on  the  rail  fastenings,  second,  to  reduce  noise.  The 
continuous  splice  bars  are  proposed  as  somewhat  of  a  safeguard  against 
a  broken  rail. 

It  may  be  urged  that  I-beams  spaced  anywhere  from  12  to  18 
inches  center  to  center,  the  flange  of  the  beam  reducing  the  space  at  least 
5  inches,  does  not  make  a  very  solid  floor  ;  however,  as  the  openings  are 
necessarily  at  right  angles  to  the  direction  of  traffic,  a  wheel  off'  the  track 
will  roll  better  across  openings  of  12  inches  than  of  12  feet. 
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With  I-beams  it  is  entirely  feasible  to  rivet  plates  the  entire  width 
and  length  of  structure  on  the  top  flange  of  beams,  making  a  solid  sur- 
face for  a  derailed  train,  or  the  plate  may  be  riveted  on  the  bottom  flange. 
In  fact,  the  I-beam,  or  the  I-beam  in  combination  with  plates,  furnishes 
material  in  shape  to  form  support  of  track  without  ties,  with  greater 
economy  than  any  other  form  suggested.  It  may  be  a  misfortune  that 
there  is  no  patent  connected  with  its  use,  because  if  backed  by  patent  it 
would  be  promoted. 

Mr.  Goldmark's  conclusion  that  the  more  elastic  floor  has  advan- 
tages in  distributing  load  is  true  with  continuous  rail  of  certain  stability 
acting  as  a  continuous  beam  ;  however,  there  must  be  limits  as  to  the 
elastic  floor's  advantage  for  distributing  weight  through  the  rail,  because 
the  rail  is  of  uncertain  rather  than  certain  stability,  and  is  not  con- 
tinuous. 


JOURNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


H.   E.   HOHTON.  DESIGN   FOR  SOLID   BRIDGE  FLOOR. 


SOLID  FLOORS  FOR  RAILROAD  BRIDGES 

WESTERN  SOCIETY  OF  ENGINEERS 


design    for   solid   floor 
By  H.  E.  HORTON 


THE  DE  KALE  ELECTRICAL  PUMPING  PLANT.  83 


THE  BE  KALB  EIjECTKICAI.  PL  MPIXG  PJ^AXT. 


By  Daniel  W.  Mead,  Member  oj^  the  Western  Society  of  Engineer:: 


[Read  before  ihe  Society,  May  14,  1895.*] 

De  Kalb,  111.,  is  a  city  of  about  5,000  inhabitants  and  lies  on  the 
main  line  of  the  Chicago  and  North  Western  Railway  about  sixty  miles 
west  of  Chicago.  De  Kalb  has  had  a  system  of  Avater  works  since  1879, 
but  as  it  was  the  result  of  circumstances  rather  than  intelligent  design 
it  was  far  from  satisfactory.  In  1872  the  agitation  in  favor  of  water 
works  first  began  and  a  deep  well  4 5  inches  in  diameter  was  sunk  to  a 
de^^th  of  1,000  feet.  No  flowing  water  was  obtained  and  the  well  was 
considered  practically  a  failure,  although  a  pump  and  wind  mill  was 
soon  after  erected. 

In  1878  it  w^as  decided  to  drill  deeper  in  the  hopes  of  striking 
flowing  water,  and  another  well  4 2  inches  in  diameter  was  sunk  to  a 
depth  of  2,469  feet,  but  no  flowing  water  was  encountered. 

The  failure  to  secure  flowing  water  at  De  Kalb  is  due  to  the  fact 
that  De  Kalb  is  one  of  the  highest  points  in  Northern  Illinois.  The 
surface  at  the  location  of  these  wells  is  about  897  feet  above  sea  level, 
while  the  artesian  waters  at  Rockford,  about  thirty  miles  northwest. of 
De  Kalb,  have  never  risen  from  the  Potsdam  sandstone  to  a  higher  level 
than  741  feet  above  the  sea,  or  from  the  St.  Peter  sandstone  to  about  705 
feet  above  sea  level.  The  water  in  the  De  Kalb  wells,  however,  now 
stands  at  about  772  feet  above  sea  level,  or  about  125  feet  below  the 
surface  of  the  ground  at  the  old  pumping  station,  which  is  much  higher 
than  would  be  expected  from  results  obtained  in  other  places. 

In  1878  a  contract  was  made  for  an  engine,  boilers  and  elevated 
tank,  and  the  first  public  supply  for  fire  purposes  dates  from  the  com- 
pletion of  this  contract  in  1879.  The  wells  as  drilled  were  found  to  be 
too  small,  and  in  1882  a  6-inch  well  was  drilled  800  feet  deep  to  the  St. 
Peter  sandstone,  and  a  Deane  direct-acting  steam  deep-well  pump  was 
purchased  to  raise  water  from  this  well.  A  standpipe  22  feet  in  dia- 
meter and  80  feet  high  was  also  built  in  1890,  and  into  this  the  deep- 
well  pump  raised  the  water.  The  water  mains  consist  of  about  2,500 
feet  of  6-inch  cast-iron  pi|>€  and  about  24,000  feet  of  4-inch  cast-iron 
pipe,  v/ith  numerous  hydrants  and  a  very  few  valves. 

On  May  29,  1893,  the  City  Clerk  reported  the  cost  of  the  water 
vorks  plant  to  be  as  follows : 

*  Manuscript  received  July  17, 1895. — Secretary,  Ass'ti  of  Emj.  Socs. 
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First  well $4,0i0  00 

Second  well 14,4'     00 

Engine,  boiler  and  tanks 4,27      .0 

Third  well 4,000  00 

Standpipe 8,000  00 

Pumps,  heaters,  etc 2,790  49 

Hydrants  and  mains      19,385  45 

Interest  on  bonds 8,046  88 

Total  cost $65,002  32 

The  cost  of  operating  the  works  for  the  two  years  prior  to  the  con- 
struction of  the  new  plant  was  as  follows : 

From  May,  1892,  From  May,  1893, 

to  May,  1893. 

Engineer  and  assistant $1,140  00 

Repairs  and  supplies 323  62 

Extra  labor 70  65 

Incidentals 30  55 

Electric  light 108  53 

Coal $1,350  71 

Total  operating  expenses  .   .    .      $3,023  52 
Revenue 2,637  97 

Deficiency $385  55  $1,135  50 

The  average  pumping  record  was  as  follows  during  this  time : 

Hours  pumped  per  day 15  22 

Gallons  pumped  per  day 85,260  98,652 

Cost  per  1,000  gallons  pumped    .    .    .         9.8  cents.  10.8ceij'>. 
Cost  of  coal  about  $2.40  per  ton  of  2,000  pounds. 

From  the  above  it  will  be  seen  that  while  the  revenues  were  not 
materially  increasing,  the  operating  expenses  were  rapidly  increasing, 
and  the  cost  of  pumping  per  1,000  gallons  had  increased  about  10  per 
cent.  The  plant  was  in  operation  an  average  of  twenty-two  hours  per  day 
through  the  years  1893  and  1894,  and  during  the  warm  weather  it  ran 
continuously,  except  when  necessary  to  shut  down  for  repairs.  In  the 
extremely  dry  summer  weather  it  became  necessary  to  shut  off  the  water 
entirely,  with  the  exception  of  an  hour  each  at  morning,  noon  and  night, 
in  order  that  water  might  be  kept  in  the  standpipe  for  fire  purposes. 

These  were  the  circumstances  when  the  writer  wa^  called  in  to  sug- 
gest some  remedy  whereby  a  sufficient  amount  of  water  could  be  secured 
and  the  works  put  on  a  ])aying  basis. 


to  May, 

1894. 
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!  GEOLOfjicAL  Map  op  Upper  Mississippi  Vallev,  Showiko  Location  of  De  Kalb  and  Source  of  its  Water  Sdpplv. 
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AVAILABLE  SOURCES  OF  WATER  SUPPLY. 

De  Kalb  is  situated  on  a  branch  of  the  Kishwaukee  River,  which 
is  there,  however,  very  small,  aud  is  dry  during  the  summer  months. 
No  drainage  areas  are  readily  available  for  collecting  and  impounding 
water,  as  the  land  is  quite  level  for  a  large  distance  in  every  direction 
from  the  city.  In  consequence  the  city  has  to  depend  on  the  under- 
ground waters  for  its  supply. 

In  all  cities  of  Northern  Illinois  there  are  three  sources  which  can 
usually  be  made  available  with  more  or  less  success  as  sources  of  water 
supply.     These  are : 

1.  The  sands,  gravels  aud  clay  drift  which  overlie  the  bed  rock. 

2.  The  St.  Peter  sandstone. 

3.  The  Potsdam  sandstone,  which  contains  the  lowest  water-bear- 
ing strata. 

The  waters  from  the  St.  Peter  and  Potsdam  sandstones  fall  as  rain 
in  W  msin  on  the  exposed  outcrop  of  these  strata,  which  is  there  at  a 
I  levation  than  most  of  the  surface   of  the  ground  in  Illinois. 

:^^.l  into  these  strata,  which  have  a  southerly  dip,  the  waters  flow 
I  i  are  reached  by  the  drill  at  various  points  southerly  from  their 

mder  considerable  hydraulic  pressure,  in  many  cases  giving 
rise  to  flowing  artesian  wells.  (See  Hydro-Geology  of  Upper  Missis- 
sippi Vrliey,  Journal  Associated  Engineering  Societies,  July, 
1894).  The  drift  waters  have  a  similar  origin.  Their  watersheds  are  not, 
however,  so  marked  and  obvious,  but  are  often  more  local  and  limited 
in  extent  The  map  and  profiles  will  make  the  sources  and  general 
condi''         »f  these  waters  easily  understood.     (See  Fig.  1.) 

J^ijute  Kalb  a  number  of  private  wells  have  been  sunk  into  the  drift, 
some  of  which  give  flowing  waters.  The  water  obtained,  however,  is 
quite  hiad  and  not  as  suitable  for  domestic  and  boiler  use  as  the  water 
from  the  St.  Peter  sandstone,  as  the  following  analyses,  made  by  G.  M. 
Davidson,  Chemist,  will  show  : 

Drift  Water.        St.  Peter  Water. 

Total  solids  .    .    » 47.59  17.49 

Carbonate  of  lime, 16.66  S.37 

Carbonate  of  magnesia, 6.29  6.47 

Sulpbate  of  lime, 4.39 

Sulphate  of  magnesia, 12.25  .    . 

Oxide  of  iron  and  alumina, ...  11.12  .69 

SilicE          .    .  .87 

Alkaline  chlorides, 2.33  .11 

Alkaline  sulphates, 4.68  1.13 

The  Potsdam  waters  are  only  obtained  by  drilling  considerably 
deeper  than  for  the  St.  Peter  waters,  and  as  the  previous  experience  of 
the  city  did  not  show  that  any  advantage  was  to  be  gained  by  the  extra 
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expense  involved  in  deep  borings,  the  St.  Peter  water  was  selected  as  the 
source  of  supply  for  the  city. 

The  old  pumping  plant  was  practically  of  no  value.  It  had  been 
erected  on  the  highest  ground  in  the  city  and  all  coal  had  to  be  hauled 
to  it  at  an  extra  expense.  The  machinery  was  worn  out  or  inadequate. 
The  wells  at  that  point  were  also  too  small  to  be  available  for  the  in- 
creased supply.  It  was  therefore  decided  to  sink  a  new  well  near  the 
crossing  of  the  Chicago  &  North  Western  Railway  with  the  Kishwaukee 
River,  where  the  ground  was  about  855  feet  above  sea  level.  The 
well  was  designed  to  be  14  inches  in  inside  diameter  to  the  rock  and  6 
inches  in  diameter  in  the  rock  to  and  into  the  St.  Peter  sandstoue.  The 
contract  was  kt  to  W.  H.  Gray  &  Bro.,  of  Chicago,  for  14-inch  casing 
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Fig.  2. 

to  the  rock  at  $4.00  per  foot,  and  a  6-inch  hole  in  the  rock  at  $1.95 
per  foot.  The  well  drillers  had  great  difficulty  in  sinking  the  14  inch 
pipe  to  the  rock,  and  were  permitted  by  the  city  to  reduce  it  at  128.4 
feet  below  the  surface,  from  which  point  to  the  rock  161  feet  below  the 
surface  it  is  12  inches  in  diameter.  The  entire  depth  of  the  well  as 
completed  was  890  feet,  and  the  water  rose  to  within  65  feet  of  the 
surface. 

The  strata  encountered  in   drilling  the  well  were  approximately  as 
follows  : 

0  to  125  feet,  day. 
125  to  145  feet,  sand,  clay  and  quicksand  (water-bearing). 
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145  to  161  feet,  clay  and  sand  (water-bearing). 

161  to  265  feet,  limestone. 

265  to  285  feet,  soft  limestone. 

285  to  520  feet,  limestone. 

520  to  525  feet,  layer  of  sandstone. 

525  to  535  feet,  shale. 

535  to  595  feet,  sandy  shale. 

595  to  890  feet,  St.  Peter  sandstone  (water-bearing). 

It  was  originally  intended  to  erect  a  steam  plant  for  the  new  pump- 
ing works,  but  as  the  De  Kalb  Electrical  Company  made  the  city  of 
De  Kalb  a  favorable  proposition  for  operating  the  works ;  and  the  ex- 
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perience  of  the  city  in  the  management  of  its  own  works  was  not  such  as 
would  warrant  expectations  of  economical  management  in  the  future,  it 
was  finally  decided  by  the  City  Council  to  contract  with  the  De  Kalb 
Electrical  Company  to  do  the  pumping  for  the  city  for  a  period  of  ten 
years,  and  the  plant  was  designed  and  built  on  this  basis. 

At  the  site  of  the  well  was  erected  an  inexpensive  brick  pump- 
house,  divided  into  a  pump-room  with  an  alcove  storage-room  and  a 
small  office. 

Within  30  feet  of  the  pump-house  is  built  a  storage  reservoir  which  is 
also  of  brick,  65  feet  in  inside  diameter,  22  feet  in  extreme  depth  and 
of  a  capacity  of  500,000  gallons.     A  wall  2  feet  in  thickness  and  6  feet 
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iu  height  is  built  across  the  center  of  the  reservoir,  dividing  it  into  two 
portions,  so  that  water  can  be  pumped  into  or  out  of  either  or  both  sides 
and  w'ith  a  valve  located  at  the  further  end  of  the  cross  wall.  A  circu- 
lation can  thus  be  maintained  and  any  sand  pumped  from  the  well  will 
be  deposited  in  the  reservoir  instead  of  iu  the  mains.  The  roof  is  a 
conical  truss  roof,  supported  only  at  the  walls.  The  water  is  to  be 
pumped  from  the  deep  well  into  the  reservoir  by  a  deep-well  pump  of  a 
capacity  of  300  gallons  per  minute,  run  by  a  25  horse-power  motor. 
From  the  reservoir  the  w^ater  is  taken  by  either  or  both  of  two  service 
pumps,  each  of  a  capacity  of  500  gallons  per  minute  and  each  operated 
by  a  50  horse-power  motor,  and  forced  through  the  mains  into  the  stand- 
pipe  or,  in  case  of  fire,  by  direct  pressure  into  the  mains.  The  plan  of  the 
foundations  and  piping  (Fig.  3)  will  make  the  general  arrangement  plain. 

At  the  time  of  completing  the  well,  a  test  was  made  as  to  its  capac- 
ity for  furnishing  water,  and  it  was  found  that  iu  pumping  at  the  rate  of 
300  gallons  per  minute  the  surface  of  the  water  would  descend,  from  its 
stationary  position,  65  feet  below  the  surface,  to  a  depth  of  165  feet 
below  the  surface.  Consequently  the  deep-well  pump  cylinder  was 
placed  161  feet  below  the  surface  with  a  6-inch  suction  pipe  25  feet  in 
length  below  it. 

In  selecting  a  deep-well  pump  for  the  service  required  much  trouble 
was  encountered  in  obtaining  what  was  desired.  Very  little  attention 
has  apparently  been  given  by  manufacturers  to  developing  efficient 
pumping  machinery  for  raising  the  largest  possible  amount  of  water  out 
of  deep  bore  holes,  and  few  of  the  manufacturers  were  found  who  would 
guarantee  the  efficiency  of  their  pumps.  Most  of  the  pumps  offered 
were  single  acting.  That  is,  they  performed  practically  all  of  the  work 
on  one-half  of  the  revolution.  And,  to  attain  the  capacity  desired,  this 
involved  a  large  pump  cylinder,  and  a  very  uneven  distribution  of  power. 
It  involved  also  considerable  loss  of  work  in  raising  the  long  and  unbal- 
anced pump-rod  at  each  stroke.  The  ordinary  form  of  deep-well  valve 
consisting  of  a  spherical  brass  ball  seated  in  a  ground  brass  seat  and 
having  a  very  limited  rise,  had  not  been  found  satisfactory  at  the  old 
works  and  a  better  arrangement  of  valve§  was  also  desired.  Only  one  of 
the  pumps  offered  gave  any  promise  of  the  desired  results,  and  this  was 
offered  by  the  DowniePump  Company.  This  pump  consisted  of  a  double- 
acting  pump-head  and  the  Downie  water  cylinder  and  patent  conical 
valve.  The  valve  possessed  a  number  of  admirable  features,  among 
which  may  be  named  large  water  way  and  simplicity  of  construction, 
and  it  was  adopted  unchanged.     (See  Figs.  4  and  5.) 

The  Downie  power  pump-head  as  originally  submitted,  while 
containing  the  principle  most  satisfactory  to  the  writer,  was  not  sat- 
isfactory in  the  details    of  design  or  construction.      A  modified  form 


Fig.  4. 


Fig   5. 


Fig.  6. 
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of  the  Dovvnie  pump  was  finally  designed  by  the  writer,  but  has  not  yet 
been  constructed.*  A  temporary  pump  is  now  at  work,  while  the  new 
pump  is  being  built  by  this  company.  This  pump  is  expected  to  give 
an  efficiency  of  about  65  or  70  per  cent.  The  deep-well  pump  is  con- 
nected to  the  motor  by  a  12- inch  belt.  The  motors  were  furnished  by 
the  General  Electric  Company. 

There  are  two  multipolar  motors  of  50  horse-power  each,  at  200 
volts,  to  operate  the  service  pumps,  and  one  multipolar  motor  of  a 
capacity  of  25  horse-power  at  220  volts,  to  operate  the  deep-well  pump. 

The  motor  rating  is  on  the  basis  of  the  mechanical  horse-power  de- 
livered by  the  armature  shaft  at  pulley  or  pinion  of  same.  The  field 
cores  and  frames  of  the  motors  are  of  cast  steel. 

Their  armatures  are  of  the  "iron  clad"  type,  wound  with  machine- 
formed  coils,  and  are  interchangeable  and  separately  insulated.  These 
coils  are  placed  in  slots  in  the  armature  punches  in  such  a  manner  that 
should  a  coil  become  injured  in  any  way,  it  may  be  readily  replaced 
without  disturbing  the  rest  of  the  winding. 

These  motors  are  sparkless  during  changes  varying  from  full  load 
to  no  load,  and  the  design  is  such  that  changes  varying  from  full  load 
to  no  load  can  be  made  without  varying  the  position  of  brushes.  The 
motors  are  so  designed  that  when  running  at  their  normal  load  the  rise 
in  temperature  in  any  part,  above  the  surrounding  air,  will  not  be  more 
than  100°  Fahrenheit. 

It  was  required  that  the  speed  of  the  50  horse- power  motors  should 
not  be  greater  than  495  revolutions  per  minute,  at  200  volts,  and  the 
speed  of  the  25  horse-power  motor  should  not  be  more  than  565  revolu- 
tions per  minute  at  220  volts. 

The  motors  have  a  guaranteed  efficiency  of  not  less  than  90  per 
cent,  at  full  load,  and  not  less  than  82  per  cent,  at  one-half  load  ;  and 
were  to  be  capable  of  carrying  25  per  cent,  over-load  for  a  period  of 
eight  hours  without  injury. 

These  motors  were  designed  and  constructed  for  this  particular 
work,  and  the  motor  of  the  east  pump  was  tested  for  efficiency  with  the 
following  results.  This  motor  was  disconnected  from  the  pump.  A  split 
iron  pulley  was  fastened  to  the  shaft  for  use  as  a  brake  pulley,  and  to 
this  a  friction  brake  was  attached.  The  pulley  which  was  furnished  by 
the  city  did  not  fit  the  shaft  well  and  was  therefore  not  perfectly  true  in 
circumference.  For  this  reason  it  was  impossible  to  make  an  absolute 
measurement  of  the  maximum    power   of  the  motor  ;  for  at  the  higher 


*  Since  writing  the  above,  a  pump,  modified  somewhat  from  the  writer's  design, 
has  been  furnislied  tlie  city  of  De  Kalb  by  the  Downie  Pump  Co.  and  is  now  on 
trial.     The  pump  is  shown  in  Fig.  6. 
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powers  the  irregularity  in  the  pulley  rim  caused  the  brake  to  become 
unsteady  and  the  weight  necessary  to  balance  it  could  not  be  determined 
with  sufficient  accuracy.  Euougli  measurements  were  made,  however,  to 
give  data  for  determining  the  curve  of  efficiency  of  the  motors,  from 
which  the  efficiencies  at  the  limits  of  the  capacity  of  the  motor  were  cal- 
culated. The  following  table,  which  represents  the  average  of  a  number 
of  measurements,  shows  the  results  obtained  : 

Test  of  Motor  on  East  Pump,  De  Kalb  Pump  House. 

Time  from 10.34  10.46  11.38  2.02 

Timet(. 10.44  10.56  11.45  2.18 

Amperes 95.4  106.5  157  16i 

VoUs 21S.7  216  199  217f 

Watts 20864  23004  31243         3557 

Electric  H.  P  . 27.98  .30.84  41.88  4.76 

Eevolntionof  motor  per  mimite  .    .  399  396  402  379 

Weight  on  brake  arm 113  123  154  No  load. 

Weight  of  brake 35  ^  35^  35^ 

Corrected  weight 77f  87f  118| 

Lengtli  of  brake  arm 4  ft.  4  ft.  4  ft. 

Brake  H.  P 23.59  26.41  36.28 

Efficiency 84.3  85.63  86.86 

From  these  experiments  the  following  approximate  average  effi- 
ciencies under  various  loads  were  calculated: 

H.  P.  Furnished     Calculated  Efficiency         Guaranteed         H.  P.  Delivered 

to  Motor.  of  Motor.  Efficiency.                to  Pump. 

25  83.56  20.89 

30  84.81  82                            25.44 

35  86.16  30.15 

40  87.41  34.96 

45  88.66  39.90 

50  89.81  45.08 

55  91.06  90                            50.08 

60  92.31  55.39 

From  the  data  obtained  it  will  be  seen  that  it  took  4.76  horse-power 
to  run  the  empty  motor;  of  this  .75  horse-power  was  ascertained  to  be 
consumed  in  the  field  wires.  The  writer  had  the  assistance  of  Mr.  J.  W. 
Glidden,  Superintendent  of  the  De  Kalb  Electrical  Company,  in  the  selec- 
tion and  arrangement  of  the  electrical  features  of  the  plant. 

The  service  pumps  (see  Figs.  7  and  8)  were  furnished  by  the  Gould 
Manufacturing  Con)pany,  of  Seneca  Falls,  N.  Y.,  through  their  Chicago 
office.  This  c()mj)any  also  had  the  contract  for  furnishing  the  motors  and 
fittings.  The  pumps  consist  of  two  vertical  triplex  single-acting  power 
pumps,  having  2)lungers  10  inches  in  diameter  and  a  stroke  of  12 
inches.  The  approximate  weight  of  each  pump  is  about  18,000  pounds. 
The  connecting  rods  are  joined  to  the  plungers  by  cross  heads,  which  are 
outside  guided.  All  bearings  are  of  ])li()sphor  bronze.  The  pinion  shaft 
is  of  machine  steel,  is  3  inches  in  diameter  and  runs  in  two  bearings 
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12  inches  in  lentith.  The  crank  shaft  is  foraed  steel,  the  main  l)ear- 
ings  being-  G  inches  in  diameter  by  15 2  inches  in  length.  The  ])iimi)s 
are  arranged  throughout  so  that  all  parts  are  readily  accessible  and  all 


Fk;.  7. — Pump  and  Motors,  Fkont  View, 


wearing  parts  can  be  readily  taken  u}).  The  motors  are  coupled  directly 
to  the  pinion  shaft  of  the  pumps  and  the  speed  of  the  motors  is  reduced 
by  proportioning  the  pinions  and  gears  in  the  ratio  of  one  to  five  and 
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two-thirds.  The  gears  are  cut  and  the  pinions  are  made  of  raw  hide 
held  by  bronze  shrouds.  First-class  workmanship  was  specified,  and  the 
Gould  Company    have    strictly    complied  with    the  sitecificatinns   and 


Fig.  S. — Pujir  and  Motors,  Eear  View. 


furnished  a  pair  of  pumps  which,  while  solid  and  substantial  in  construc- 
tion and  free  from  vibration,  are  yet  highly  efficient.  Both  of  the  pumps 
Avere  carefully  tested. 
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The  test  of  the  west  pump  was  as  follows : 

Test  of  West  Triplex  Pump. 

Time  from 9.08  9.58  10.06 

Time  to 9.30  10.02  10.20 

Amperes 27.3  130  156 

Volts 217  195  193.4 

Watts 8094  25350  30170 

Electric  H.  P.  furnished 10.85  33.95  40.44 

H.  P.  delivered  by  motor 29.13  36.14 

Water  pressure,  lbs.,  No.  load     .    .    .  66.5  84. 5 

Suction  lift,  lbs 4  4 

Total  lift 70.5  88.5 

Area  i)lungers,  square  inch  ....  78.54  78.54 

Length  of  stroke,  feet 1  1 

Revolutions  per  minute 43.9  41.75  41.71 

Effective  H.  P.  delivered  by  pump,  in- 
cluding slip 20.01  26.27 

Combined    efficiency     of   pump   and 

motor ....  58.6  64.9 

Efficiency  of  pump,  including  slip .    .  68.7  72.6 

Slip 2.1  2.1 

Net   efficiency  of  pump 66.6  70.5 
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Fig.  9.— Pump  Cards. 
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The  efficiency  under  the  contract  was  to  be  75  per  cent,  for  the 
pumps  under  full  load  and  (58  per  cent,  under  half  load.  The  former 
was  exceeded  in  the  test.  The  latter  was  not  quite  reached  at  66  j 
pounds  pressure.  But  as  the  pumps  were  new  and  the  packing  about 
the  pistons  was  tighter  than  necessary  it  was  evident  from  the  work  of 
the  pump  that  it  could  easily  reach  the  guaranteed  efficiency.  This  was 
afterward  exceeded  on  a  further  test. 

The  pumping  plant  is  connected  with  the  water  mains  by  a  12 
and  10-inch  force  main,  intersecting  the  old  system  of  mains  at  four 
points.  Plans  were  made  for  an  additional  main  between  the  pump- 
house  and  the  water  mains  by  another  circuit  when  the  growth  of  the 
city  shall  require,  and  for  reinforcing  the  present  system  of  4-inch  mains 
with  10,  8  and  6  inch  pipe  in  such  a  manner  that  a  reasonable  fire 
service  can  be  obtained. 

In  their  contract  with  the  city  of  De  Kalb,  the  De  Kalb  Electrical 
Company  assume  the  care  of  the  pumping  machinery  and  agree  to 
furnish  all  oil  and  waste  and  all  fuel  needed  to  keep  the  engine  house 
warm  in  winter.  They  also  made  the  connection  between  the  motors 
and  their  power-house,  which  was  done  by  two  circuits  leaving  the  pump- 
house  in  different  directions  in  order  to  provide  against  accident  to  the 
service  line.  They  further  agree  to  make  all  repairs  on  the  machinery 
free  of  expense  for  labor,  the  city  to  furnish  the  material  for  the  repairs. 
The  General  Electric  Company  have  guaranteed  that  the  repairs  on  the 
electrical  machinery  shall  not  exceed  2  per  cent,  per  annum  during  the 
first  five  years. 

Regarding  the  service  to  be  furnished  the  De  Kalb  Electrical 
Company  agree  to  maintain  a  minimum  depth  of  15  feet  of  water  in 
the  reservoir  at  all  times  and  a  minimum  height  of  55  feet  of  water  in 
the  standpipe  with  a  daily  average  of  at  least  65  feet.  They  are  to 
receive  as  compensation  for  pumping  the  water  from  the  well  into  the 
standpipe  4  cents  for  each  1,000  gallons  pumped.  The  average  stand- 
pipe  head  pumped  against  is  about  62t  pounds  pressure  per  square 
inch.  The  De  Kalb  Electrical  Company  are  also  to  furnish  water  for 
fires  under  any  ])ressure  required  by  the  city  not  to  exceed  125  pounds 
})er  square  inch  at  the  pumps,  fur  which  service  no  extra  compensation 
is  allowed.  When  fire  pressure  is  desired  the  standpipe  will  be  closed 
by  a  Dousraan  automatic  pressure  retaining  valve,  which  is  so  arranged 
that  by  increasing  the  velocity  of  water  into  the  standpipe  the  valve 
closes  automatically  and  the  pressure  can  then  be  raised  as  desired. 
When  the  pressure  is  again  reduced  the  check  valve  opens  and  the 
standpipe  is  again  brought  into  service.  This  valve  also  closes  when 
the  water  in  the  standpipe  reaches  a  certain  elevation,  in  this  way  pre- 
ventinor  overflow. 
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The  desired  fire  px-essure  is  determined  by  setting  the  relief  valve 
at  the  pump-house  and  when  the  pressure  exceeds  the  desired  amount 
the  relief  valve  opens  and  the  water  passes  back  into  the  reservoir,  thus 
preventing  accidents  by  overstraining  the  mains.  Accidents  due  to 
starting  the  pumps  with  the  discharge  valves  closed  are  prevented  by 
the  use  of  fusible  plugs  at  the  power  station.  These  plugs  burn  out 
before  damage  can  be  done  to  the  motor,  should  the  current  become  too 
strong. 

The  lack  of  available  information  concerning  many  points  of 
importance  in  the  design  of  the  new  Avork  and  the  extension  of  the 
system,  and  the  necessity  of  systematic  records,  became  very  obvious 
when  investio-atiuo-  the  De  Kalb  water  works. 


Fig.  12. — Deep  Well  Gauge. 

The  agreement  with  the  De  Kalb  Electrical  Company  also  rendered 
it  important  that  systematic  and  automatic  records  should  be  kept  in 
order  that  the  manner  of  carrying  out  the  agreement  should  be  known 
beyond  question.  This  was  important  for  the  protection  of  the  company 
as  well  as  for  the  city  itself.  For  these  reasons  a  number  of  recording 
devices  were  introduced  into  the  system  and  made  a  feature  of  the 
works. 
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To  measure  the  auiouut  of  water  pumped,  counters  were  attached 
to  each  pump.  For  the  deep- well  pump  this  furnishes,  Avith  the  known 
capacity  of  the  reservoir,  a  check  on  the  slip  of  the  deep-well  pump 
valves.  For  measuring  the  water  pumped  into  the  mains,  besides  the 
pump  counters,  a  I'i-inch  Venturi  meter  was  purchased  of  the  Builders 
Iron  Foundry  of  Providence,  R.  I.  (see  Fig.  13).  This  meter  is  pro- 
vided with  an  automatic  register  which  records  the  water  pumped  in 
cubic  feet  (see  Fig.  14).  The  counters  on  the  service  pumps  furnish  a 
check  on  this  meter.  It  was  intended  to  secure  a  graphical  record  of 
the  hourly,  daily,  weekly  and  monthly  variation  in  the  consumption  of 
water,  but,  although  the  manufacturers  were  considering  a  recording 
device  of  this  kind,  they  had  not  perfected  the  same,  and  were  unable  to 
furnish  such  a  device. 

To  keep  a  record  of  the  height  of  water  in  the  standpipe  and  the 
pressure  carried  at  all  times,  including  fire  pressures,  a  recording  press- 


FiG.  13. — Yexturi  Meter. 

ure  gauge  (see  Fig.  10)  was  placed  in  the  City  Clerk's  office,  and 
attached  to  the  main  by  a  suitable  connection.  This  pressure  gauge  was 
furnished  by  the  Standard  Thermometer  Company,  and  includes  both  an 
ordinary  dial  gauge  and  a  graphical  recording  apparatus.  To  keep  a 
record  of  the  height  of  water  in  the  reservoir  a  gauge,  called  a  tele- 
hydro-barometer,  was  purchased  from  the  same  company  (see  Fig.  11). 
The  general  principle  of  this  gauge  is  easily  understood  from  the  illus- 
tration. The  elevation  of  the  float  is  shown  on  the  dial  at  the  reservoir? 
and  is  also  shown  both  by  dial  and  by  a  graphical  record  on  the  record- 
ing device  which  is  also  located  in  the  office  of  the  City  Clerk. 

Before  drilling  the  last  deep  well  at  De  Kalb,  which  is  now  used  for 
the  new  public  supply,  an  attempt  was  made  to  secure  data  concerning 
the  various  artesian  wells  which  had  been  previously  drilled  in  that  city. 
No  data  on  which  reliance  could  be  placed  could  be  obtained.  It  is 
known  by  those  who  have  paid  attention  to  deep  and  artesian  wells  that 
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there  is  a  change  of  level  in  the  waters  of  these  wells  which  has  often  a 
serious  effect  on  their  utility.  In  some  cases  this  is  caused  by  the  sink- 
ing of  new  wells,  or  the  abandonment  of  old  ones.  In  others  by  the 
gradual  filling  up  of  the  wells  by  sand,  etc.,  or  by  the  opening  of  the 
pores  of  the  rock  by  solution.  It  is  also  believed  that  there  is  a  seasonal 
variation  in  the  flow  of  wells,  and  other  variations  due  to  barometric 
pressure.  No  extended  series  of  observations  have  been  made  on  these 
subjects,  and  had  they  been  made  at  any  one  place  they  would  still  be 
inapplicable,  except  in  a  general  way,  to  the  locality  under  considera- 
tion. 

One  clause  of  the  contract  with  the  DeKalb  Electrical  Company 
provided  that  they  should  not  be  required,  either  at  the  present  works 
or  at  any  new  works  which  should  be  built,  to  lift  water  with  the  deep- 
well  pump  more  than  175  feet  from  below  the  surface.  All  of  these 
considerations,  together  with  the  certainty  of  the  necessity  of  the  ultimate 
enlargement  of  the  plant,  rendered  it  desirable  that  detailed  information 
be  secured  concerning  the  new  artesian  well. 

The  writer  pi'ovided,  in  the  specifications  for  deep-well  pumping 
machinery,  that  a  deep-well  gauge,  either  on  a  plan  proposed  on  draw- 
ings furnished,  or  on  some  other  approved  plan,  should  be  provided. 
Mr.  E.  E.  Johnson,  M.E.,  Mem.  Wes.  Soc.  Eng.,  offered  the  best  sug- 
gestions for  such  a  gauge.  Mr.  Johnson's  suggestions  were  that  by 
means  of  a  small  air  compressor  attached  to  the' deep-well  pump,  air 
should  be  slowly  forced  through  a  small  pipe  running  down  the  well  to 
at  least  as  low  a  point  as  the  bottom  of  the  pump  cylinder.  The  pressure 
required  to  displace  the  water  in  this  small  pipe  could  then  be  measured 
by  a  pressure  guage,  and  the  length  of  the  air  pipe  being  known,  the 
depth  of  water  above  the  base  of  the  pipe  would  be  shown  by  the  guage, 
which  could  be  graduated,  if  desired,  so  that  it  would  read  directly  in 
feet  below  the  surface.  The  only  objection  to  this  was  that  no  record 
could  be  kept  when  the  deep-well  pump  was  not  running,  and  it 
was  desirable  to  use  some  other  motor  beside  the  pump  itself  to  operate 
the  air  compressor.  Mr.  L.  B.  Merriam,  Mem.  Wes.  Soc.  Eng.,  who 
superintended  the  construction  of  the  plant  as  herein  described,  and 
whose  efficient  work  was  greatly  appreciated,  suggested  that  a  Bishop  & 
Babcock  hydraulic  air  compressor  be  used  for  this  purpose.  This  sug- 
gestion was  also  adopted.  This  compressor  furnishes  all  the  air  neces- 
sary at  a  small  expense  for  water,  using  about  500  gallons  per  day. 

To  make  a  permanent  record  of  the  well  gauge  readings,  a  telemano- 
meter  was  purchased,  the  recording  device  of  which  is  to  be  placed  in 
the  City  Clerk's  office  (see  Fig.  12).  The  recording  pressure  gauge  and 
the  deep-well  gauge  revolve  once  per  day,  and  the  cards  have  to  be 
removed,  dated  and   filed   dailv.     The  reservoir  gauge  revolves  once  in 
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seven  days,  as  the  variations  are  slight  and  the  record  for  short  times  not 
as  important. 

From  an  economical  standpoint  the  immediate  saving  in  expense 


^.a^i'^-ifc 


Fig.  1 1.  — K>j -i-ii-KiNi.   Ai'i'AiiAii-  I'iK  N'k.n'uki  Meter. 

to  the  city  of  De  Kalb  by  the  construction  of  the  new  plant  is  obvious, 
as  the  difference  between  10.8  cents  per  1,000  gallons,  the  expense  of 
pumping  during  the  year  1893-94,  and  the  present  contract  price  of  4  cts. 
per  1000  gallons  speaks  for  itself. 
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The  economy  of  pumping  in  the  way  herein  described,  where 
large  amounts  of  water  are  to  be  used  and  economical  management 
is  attainable,  is,  however,  more  than  doubtful.  This  can  be  readily 
understood  by  tracing  the  loss  of  power  through  the  system.  Neglect- 
ing the  matter  of  deep-well  pumping,  the  loss  in  domestic  pumping  is  as 
follows  :  There  is  first  a  loss  of  about  10  per  cent,  at  the  dynamo ;  an 
additional  loss  of  10  per  cent,  in  the  transmission  of  power  from  the 
dynamo  to  the  motors;  a  loss  of  16  per  cent,  through  the  motors  and  a 
loss  of  32  per  cent,  in  the  pumps.  This  gives  a  net  efficiency  of  the 
plant  for  domestic  service  from  the  power  developed  in  the  engine  of  only 
46.27  per  cent.  The  efficiency  for  fire  service  is,  however,  about  55.28 
per  cent.,  but  fire  service  of  course  constitutes  a  very  small  amount 
of  the  pumping.  With  a  steam  engine  equal  in  economy  to  that  operated 
by  the  De  Kalb  Electrical  Company,  and  the  same  class  of  pumps,  but 
proportioned  for  the  domestic  work,  the  loss  would  be  not  more  than  25 
per  cent. ;  the  efficiency  of  the  plant  from  the  power  developed  by  the 
engine  in  this  case  being  75  per  cent.  In  this  case  a  pump  for  fire 
purposes  would  need  to  be  held  in  reserve. 

The  advantage  the  Electrical  Company  has  over  a  municipal  power 
plant  is  in  the  greater  economy  of  the  larger  power  plant  and  in  the 
advantage  to  be  derived  from  good  business  management  as  compared 
with  the  ordinary  municii)al  management.  The  principal  advantage  is, 
however,  that  they  can  do  the  necessary  pumping  at  such  times  as  their 
other  business  is  at  a  minimum,  and  they  pay  nothing  extra  for  the 
services  of  engineer  and  fireman,  and  the  incidental  cost  of  operating  the 
power  plant.  The  proportional  extra  cost  of  coal  is  probably  not  as 
large  as  the  proportional  increase  in  power  furnished  ;  for  the  numerous 
losses  incidental  to  the  operation  of  a  power  plant  must  occur  in  any 
event  and  are  not  largely  increased  by  the  additional  power  developed. 

The  writer's  estimate  for  pumping  200,000  gallons  per  day  with  a 
steam  pumping  plant,  with  good  management,  was,  including  all  expenses, 
$5.71  per  day,  against  the  contract  price  of  S8.00  per  day  for  the  same 
amount  pumped.  With  a  greater  consumption,  the  difference  would  be 
greater;  with  a  smaller  consumption  the  difference  w^ould  be  less,  and 
with  a  consumption  of  150,000  gallons  or  less  the  difference  would  be  in 
favor  of  the  electrical  plant.  The  average  consumption  of  water  for  the 
last  three  months  has  been  but  little  over  100,000  gallons  per  day. 
There  will  doubtless  be  a  rapid  gain  in  consumers,  however,  with  efficient 
service  and  a  constant  supply. 

The  value  of  any  system  and  method  is  relative  only.  A  system 
which  is  economical  under  one  set  of  conditions,  may  be  the  reverse 
where  the  conditions  radically  ditl'er.  It  is  only  by  practical  illustra- 
tions that  the  economy  of  any  particular  system  can  be  fully  developed 
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and  thoroughly  understood.  As  a  practical  illustration  of  the  applica- 
tion of  electricity  to  the  municipal  water-works  service,  it  is  believed 
that  the  De  Kalb  plant  will  not  be  without  interest. 


DISCUSSION. 


After  reading  the  paper,  INIr.  Mead  exhibited  a  number  of  illustra- 
tions by  means  of  stereopticon  views,  with  explanations,  as  follows  : 

The  map  and  sections  (Fig.  1)  illustrates  the  geological  conditions 
in  the  Upper  Mississippi  Valley  and  the  relation  of  the  water-bearing 
strata.  The  St.  Peter  sandstone  is  the  source  of  supply  for  the  city  of  De 
Kalb  as  well  as  for  a  number  of  other  cities,  shown  on  the  map.  There 
are  also  a  large  number  of  deep  and  artesian  wells  in  Chicago  that  are 
drilled  into  both  the  St.  Peter  and  Potsdam  sandstones.  The  more  shal- 
low wells  are  into  the  St.  Peter  sandstone  and  the  deeper  wells  reach  the 
Potsdam  sandstone.  The  sections  at  the  bottom  of  the  map  show  the  rela- 
tive vertical  positions  of  the  St.  Peter  and  Potsdam  sandstone.  Lying 
just  above  the  ]*otsdam  sandstone  is  about  150  feet  of  the  lower  magne- 
sian  limestone,  which  furnishes  an  impervious  cover  and  to  a  consider- 
able extent  confines  the  water  in  the  pervious  sandstone.  On  top  of  the 
magnesian  limestone  lies  the  St.  Peter  sandstone,  which  is  throughout 
Northern  Illinois  about  two  hundred  feet  thick.  Both  of  these  deposits, 
the  Potsdam  and  St.  Peter,  are  sandstones  which  allow  the  free  passage 
of  w'ater.  The  water  probably  also  very  largely  passes  through  fissures 
in  the  rock  as  well  as  through  the  rock  material  itself. 

The  north  and  south  section  is  on  a  line  passing  near  the  position 
of  De  Kalb.  The  water  from  the  St.  Peter  sandstone  at  De  Kalb  is 
found  t!)  be  higher  than  the  water  from  the  St.  Peter  at  Rockford,  which 
is  unusual,  as  De  Kalb  is  considerably  further  south,  and  the  hydraulic 
grade  of  these  waters  usually  descends  toward  the  south.  This  fact 
would  show  that  the  wa'ter  at  De  Kalb  really  comes  from  a  point  con- 
siderably further  north  than  that  at  Rockford,  and  at  a  consecjuent 
greater  altitude.  There  is  an  out-crop  of  the  St.  Peter  sandstone  at 
Dixon,  III.,  along  the  Rock  River,  and  also  at  Ottawa,  111.,  along  the 
Fox  River.     Ottawa  is  built  practically  on  the  St.  Peter  sandstone. 

Fig.  2  shows  the  relative  location  of  various  features  of  the  De 
Kalb  water-works  system.  The  Kishwaukee  River  is  just  to  the  west 
of  the  pump-house  and  reservoir.  It  is  dry  most  all  the  season.  The 
main  reason  for  locating  the  plant  at  this  point  was  in  order  to  get  a 
switch  for  the  delivery  of  coal,  as  it  was  originally  intended  to  erect  a 
steam  plant.  This  location  is  also  one  of  the  lowest  points  in  the  city 
It  was  originally  expected  that  we  should  be  able  to  reach  the  water 
without  the  use  of  a  deep-well  pump,  by  sinking  a  shaft,  but  the  water 
did  not  rise  as  high  as  was  expected,  and  this  idea  had  to  be  abandoned. 
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Ths  reservoir,  which  is  located  just  west  of  th.e  puiup-house,  will 
hold  a  half  million  gallons  of  water. 

The  electric  power  plant  is  shown  at  the  east  end  of  the  map. 
One  line  of  wire  follows  the  railroad  down  to  the  pump-house;  the  other 
follows  the  streets,  so  that  they  have  two  separate  lines  in  case  of  acci- 
dent. The  point  where  the  standpipe  and  the  old  pump-house  are 
located  is  about  the  highest  point  in  town. 

A  12-inch  main  was  laid  to  join  the  old  pipe  system.  A  10-inch 
pipe  connects  the  12-inch  with  the  system  at  several  points.  There  is 
also  a  10-inch  pipe  running  from  the  old  pump-house  to  the  standpipe, 
but  the  pipe  joining  the  two  10-inch  pipes  is  at  present  6  inches.  This 
will  be  changed  as  soon  as  the  finances  of  the  city  will  permit. 

Fig.  3  gives  a  general  view  of  the  interior  arrangement  of  pump- 
house,  and  the  location  of  the  well,  the  deep-well  pump,  the  service 
pumps  and  the  motors.  The  water  is  raised  by  the  deep-well  pump  and 
forced  through  a  6-inch  pipe  into  the  reservoir.  The  valves  are  so 
arranged  that  it  is  possible  to  pump  into  the  mains  with  the  deep-well 
pump  if  it  becomes  necessary,  or  to  pump  directly  into  the  suction  of 
the  service  pumps,  if  for  any  reason  it  becomes  necessary  to  fix  the 
reservoir.  The  servica  pumps,  of  a  capacity  of  500  gallons  per  minute 
each,  are  located  as  shown  in  the  figure.  The  Venturi  meter  is  also 
located  in  the  pump-house  at  the  point  shown.  No  test  was  made  of  the 
Venturi  meter,  but  allowing  for  the  slip  of  the  pumps,  the  meter  and 
the  pump  counters  were  found  to  agree  very  closely.  The  pumps  are 
positive  in  motion,  and  so  that  the  counter  measured  exactly  the  amount 
of  water  pumped,  plus  the  slip  of  the  valves.  The  Venturi  register  is 
located  just  above  the  meter  in  the  pump-room,  and  records  the  amount 
of  water  in  cubic  feet. 

In  Figs.  4  and  5  the  deep  well  cylinder  and  valve  that  are  used  at 
De  Kalb  are  shown.  The  illustration  shows  the  valve  both  closed  and 
open,  and  shows  very  plainly  its  action.  When  open,  the  valve  gives 
almost  a  straight  water  way  and  closes  very  closely,  giving  very  little 
slip.  The  double-acting  pump  cylinder  is  also  shown  in  the  cuts.  The 
rod  of  the  upper  valve  is  hollow,  and  the  rod  of  the  lower  valve  passes 
through  it.  These  rods  are  actuated  by  a  pump-head  in  which  the 
eccentrics  are  placed  opposite  each  other,  or  at  an  angle  of  180  degrees, 
so  that  when  one  rod  is  going  down  the  other  is  raising.  The  rods  are 
arranged  to  balance  each  other  in  weight,  so  that  there  is  less  loss  in  the 
action  of  the  pump  than  in  a  single-acting  pump.     See  Fig.  6. 

Fig.  7  gives  a  front  view  of  one  of  the  service  pumps  and  motors. 
Fig.  8  gives  a  rear  view  of  the  same.  Fig.  8  shows  the  motor  nearest 
the  observer,  and  of  course  the  size  of  the  motor  appears  much  larger 
relatively  than  it  really  is.     The  direct  coupling  between  the  motor  and 
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pump  is  quite  clearly  shown  in  the  illustration.  The  pinions  that  run 
the  main  gear,  as  well  as  the  pinion  on  the  motor  shaft,  are  raw-hide  ; 
the  others  are  cut-gears. 

Fig.  9  shows  two  pump  cards  taken  from  one  of  the  cylinders 
on  one  of  the  service  pumps.  One  is  taken  while  the  pump  was  work- 
ing against  90  pounds  pressure ;  the  other  while  the  pump  was  working 
against  about  47?  pounds  pressure.  The  horizontal  lines  in  the  illustra- 
tions are  the  atmospheric  lines. 

Fig.  10  is  a  view  of  the  recording  pressure  gauge,  which  is  attached 
directly  to  the  main  and  is  located  in  the  City  Clerk's  office.  The  card 
is  removed  and  replaced  every  day,  and  in  this  way  a  record  is  kept  of 
the  pressure  at  all  times,  including,  of  course,  during  fires.  The  height 
of  water  in  the  staudpipe  is  also  shown  by  this  gauge.  This  gauge 
protects  both  the  city  and  the  electric  company,  for  with  its  evidence  no 
unjust  claim  can  be  sustained  as  to  what  pressure  they  had  or  did  not 
have  at  any  particular  time. 

Fig.  11  illustrates  the  tele-hydro-barometer.  This,  as  well  as  the 
recording  pressure  gauge,  was  made  by  the  Standard  Thermometer 
Company.  The  float  is  placed  in  the  reservoir  and  marks  the  depth  of 
the  water.  This  depth  is  shown  on  the  gauge  above  the  float  and  also 
on  the  recording  device,  which  is  located  in  the  office  of  the  City  Clerk. 
This  record  will  show  whether  the  Electrical  Company  are  complying 
fully  with  their  contract  in  keeping  a  sufficient  amount  of  water  in  the 
reservoir. 

Fig.  12  is  a  diagram  of  the  deep-well  gauge.  On  the  right  is  shown 
a  Bishop  &  Babcock  hydraulic  air  compressor..  The  air  passes  from  this 
into  the  air  reservoir  and  thence  into  the  small  pipe,  which  runs  into  the 
deep  well.  Just  enough  air  is  furnished  to  keep  it  bubbling  slightly 
from  the  bottom  of  the  pipe,  and  the  amount  that  the  water  is  depressed 
is  shown  by  the  pressure  on  the  gauge  at  the  top  of  the  pipe.  From 
this  pressure  the  distance  from  the  floor  to  the  water  surface  can  be  cal- 
culated by  the  formula;.  H  ^^  L  —  h,  where  L  ecjuals  the  distance 
from  the  center  of  gauge  to  bottom  of  air  pipe,  li  equals  gauge  read- 
ing in  feet,  and  jBT  equals  distance  from  center  of  gauge  to  the  surface  of 
the  water.  The  fluctuations  in  the  surface  elevation  of  the  water  can  in 
this  way  be  ascertained.  To  record  the  fluctuations,  a  tele-manometer 
recording  gauge  is  used,  which  will  also  be  placed  in  the  City  Clerk's 
office  with  the  other  gauges.  This  gauge  will  give  a  record  of  the  well 
variations  at  all  times  during  the  day  and  night,  and  it  is  hoped  that  in 
this  way  some  valuable  information  concerning  the  seasonal  and  other 
variations  in  the  water  of  artesian  wells  can  be  ascertained.  This,  it  is 
believed,  will  be  of  the  greatest  advantage  if  at  any  time  it  is  desired  to 
extend  the  system. 
8 
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Figs.  13  and  14  give  views  of  the  Venturi  meter  aud  register. 

The  Pke^ident. — The  22  per  cent,  difference  in  the  efficiency 
between  motors  and  steam  plants  suggested  is  a  little  startling.  The 
question  would  naturally  arise,  unless  electric  motors  are  somewhat  of  a 
plaything,  why  the  city  of  De  Kalb,  in  trying  to  pump  water,  did  not  use 
the  steam  plant.  It  certainly  would  cost  less.  Am  I  right  in  that  con- 
clusion ? 

Mr.  Mead. — The  (piestion  of  ultimate  economy  is  not  one  of 
efficiency  alone,  but  of  attendance  as  well.  The  De  Kalb  Electrical 
Company  need  no  extra  men  on  account  of  the  extra  power  furnished 
the  city  for  pumping,  but  are  doing  the  work  with  the  same  force  with 
which  they  ran  their  plant  before  contracting  with  the  city.  If  a  steam" 
plant  were  used  by  the  city  for  pumping,  attendance  would  have  to  be 
provided,  and  this  cost  would  have  to  be  added  to  the  cost  of  operating 
the  plant.  Besides  this,  the  type  and  the  size  of  the  engine  used  would 
make  considerable  difference  in  cost  of  operation,  while  it  would  not 
make  any  difference  in  the  efficiency  of  the  two  types  of  pumping 
plants  mentioned.  I  have  based  my  estimate  of  efficiency  on  the  power 
generated  by  the  engine,  and  the  type  of  engine  used  would  there- 
fore not  modify  my  estimate,  while  it  would  modify  the  cost  of  pumping 
to  a  large  extent.  Different  types  and  sizes  of  engines  use  all  the  way 
from  12  pounds  of  steam  per  horse-power  per  hour  up  to  perhaps  as 
hio-h  as  100  pounds  of  steam  per  horse-power  per  hour,  aud  the  use  of 
an  inefficient  engine  and  the  extra  cost  of  attendance  might  make  the 
more  efficient  pumping  plant  much  more  expensive  to  operate. 

The  President. — Well,  to  follow  up  the  thought :  was  there  any- 
thino-  preventing  the  placing  of  the  power  plant  of  the  Electric  Com- 
pany adjacent  to  the  pumping  plant,  so  that  they  might  transfer  the 
power  of  the  large  engine  direct  to  the  pumps? 

Mr.  Mead. — No  and  yes.  The  original  idea  was  to  build  a  steam 
plant.  It  was  expected  at  the  time  when  the  well  was  first  drilled  that 
a  steam  pumping  plant,  to  be  operated  by  the  city  itself,  would  be  used. 
The  well  was  drilled,  therefore,  in  its  present  location  on  account  of  its 
being  the  lowest  point  in  the  city,  and  also  being  adjacent  to  the  rail- 
road. For  this  reason  this  position  of  the  plant  was  fixed.  Afterwards 
the  Electrical  Company  made  a  proposition  to  the  city  to  operate  the 
plant  by  elect liciiy,  which  was  finally  accepted  by  the  City  Council. 
My  estimates  were  that,  on  200,000  gallons  of  water  per  day,  which 
amount  we  expect  the  city  of  De  Kalb  will  use,  the  cost  will  be,  includ- 
ing cos-t  of  attendance,  about  S5.75  per  day.  Under  the  contract  with 
the  Electrical  Company,  the  cost  of  pumping  200,000  gallons  per  day 
will  be  about  S<S  per  day.  The  difference  in  the  cost  per  diem  between 
the  two  methods  of  j)umping  will   grow  mucli  larger   as   the  amount  of 
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water  increases.  If,  on  the  other  hand,  as  is  just  now  the  case,  the  amount 
of  water  pumped  is  100,000  gallons  per  day  or  less,  the  city  could  not 
have  {)umped  this  amount  as  cheaply  per  1,000  gallons  with  the  proposed 
steam  plant  as  the  Da  Kalb  Electric  Company  will  pumj)  it  for  them 
with  the  present  electrical  plant. 

The  President. — The  question  in  my  mind  was  about  tliis  Elec- 
trical Power  Company. 

INIr.  Mead. — To  explain  further,  the  city  was  to  construct  their 
own  pumping  plant  The  De  Kalb  Electrical  Company  desired  to  do 
the  work  of  pumping.  Now,  they  could  have  done  it  cheaper,  I  have 
no  doubt,  if  they  could  have  coupled  their  engine  directly  to  the  pumps. 
This,  however,  would  have  been  impossible  even  if  the  well  had  been 
adjacent  to  the  power  station.  The  De  Kalb  Electrical  Company  are 
furni.^hing  power  and  light.  They  are  obliged  to  run  their  plant  in  any 
event,  and  although  the  efficiency  of  the  arrangement  is  low,  the  cost  of 
operating  the  pumps  is  very  small,  as  nothing  extra  is  paid  by  them  for 
attendance.  They  are,  in  fact,  utilizing  what  may  almost  be  considered 
waste  power. 

Mr.  Johnson. — Coming  in  late,  I  missed  })art  of  Mr.  Mead's 
paper.  I  should  like  to  ask  the  gentleman  if  he  stated  the  combined 
efficiency  of  the  plant  and  the  efficiency  of  both  the  motors  and  pumps? 

Mr.  Mead. — I  gave  the  combined  efficiency  of  the  plant  as  about 
47  per  cent. 

Mr.  Johnson. — Do  I  understand  that  that  is  the  efficiency  of  the 
electrical  motor  and  pump  combined? 

Mr.  Mead. — That  is  the  efficiency  of  the  plant  from  the  De  Kalb 
Electrical  Company's  engine  clear  through  the  pump.  It  is  the  power 
actually  utilized  after  deducting  the  loss  in  generating  the  electrical 
current,  the  loss  in  transmitting  it  from  the  dynamo  to  the  motor, 
the  loss  in  conducting  it  through  the  motor  and  changing  it  into  power, 
and  the  loss  in  the  pump  itself.  The  loss  in  the  pump,  as  I  have  ex- 
plained in  the  paper,  is  greater  on  domestic  service  than  it  would  be 
on  the  fire  service.  The  pump  is  designed  for  fire  service.  "With  the 
same  pump  designed  for  domestic  service,  that  is,  a  pump  of  the  same 
general  class,  but  designed  for  60  pounds  instead  of  for  125  pounds 
service,  we  should  probably  get  an  efficiency  of  75  per  cent,  in  a  test. 
These  pumps  showed  an  efficiency  in  one  test,  on  a  full  load,  of  78 
per  cent.  The  motor  under  half  load  showed  an  efficiency  of  84  per 
cent.,  then  under  full  load  it  showed  an  efficiency  of  91.  I  was  simply 
stating  the  fact  that  under  domestic  pressure  the  efficiency  of  the 
plant  from  the  engine  through  the  pumps  was  about  47  per  cent. 
While  with  the  engines  at  the  pump-house,  and  with  the  same  pump 
attached  directly  to  it,  an  efficiency  of  from  70  to  75  per  cent,  of  the 
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power  of  the  enirine  could  be  obtained.  The  Electric  Company  simply 
have  the  advantage  of  iiaving  a  larger  steam  plant,  which  is  probably 
of  a  better  type  than  the  city  would  purchase,  and  they  have  the  further 
advantage  that  their  plant  is  managed  on  business  principles.  The} 
have  the  disadvantage  of  the  difference  iu  efficiency. 

iNlR.  JoHXSOX. — May  I  ask  further  if  you  have  data  for  the  effi- 
ciency of  the  engine  and  the  generator,  so  that  you  could  get  the  pre- 
sumed loss  of  the  generator? 

]Mk.  Mead. — The  loss  iu  generating  the  electrical  current  was 
estimated,  and  was  not  from  any  experiments  or  tests  that  I  made  my- 
self. I  tiiink  tiie  Electrical  Company  have  determined  that  they  can 
obtain  90  per  cent,  efficiency  from  their  generators. 

I  made  no  test  of  the  deep-well  pump,  as  the  deep-well  pump  at 
present  is  a  temporary  one.  I  believe,  however,  Mr.  Merriam  has  made 
some  preliminary  tests  on  the  present  plant  and  I  think  he  can  give  us 
some  data. 

Mr.  Merriam. — I  do  not  believe  I  can  add  very  much  to  what 
Mr.  Mead  has  said,  with  the  exception  that  we  did  make  an  approxi- 
mate test  to  day  on  the  efficency  of  the  deep-well  pump.  AVe  found  the 
efficiency  of  the  pump  itself  to  be  about  60  per  cent.  I  think  this  is  very 
high  for  the  work  it  is  doing,  that  is,  it  was  lifting  about  200  gallons  of 
water  a  minute  a  height  of  110  feet.  By  pievious  experiments  we 
know  there  was  very  little  slip  in  the  pump.  We  ascertained  the  slip 
by  taking  careful  measurements  of  the  reservoir  and  compared  the  water 
pumped  with  the  number  of  strokes  of  the  pump.  I  have  seen  several 
experiments  with  the  ordinary  steam  head  on  deep-well  ])umj's,  and  I 
found  that  we  only  obtained  about  45  to  perhaps  an  extreme  of  55  per 
cent,  with  the  very  best  of  designs. 

The  President. — On  the  question  of  the  deep-well  pump  I  have 
had  a  little  experience,  and  I  would  like  to  make  an  inquiry  as  to  what 
success  is  obtained  in  connection  with  these  rods,  one  running  inside  the 
other.     How  often  they  have  failed,  if  at  all? 

Mr.  ^NIead. — I  cannot  speak  from  experience  at  De  Kalb.  The 
pump  at  that  place  has  only  been  in  use  for  a  few  months.  At  Mon- 
mouth, 111.,  one  of  the  direct  double-acting  steam-heads  has  been  in  use 
for  something  over  three  years,  and  the  Superintendent  of  Water  Works 
tells  me  that  they  have  had  very  little  trouble.  I  don't  think  that  they 
have  had  a  breakage  once  in  six  months.  At  De  Kalb  there  have  been 
one  or  two  breakages,  which  I  think  are  due  perhaps  to  the  fact  that  the 
well  is  not  perfectly  straight. 

The  President. — Will  you  tell  us  what  size  these  rods  are? 

Mr.  Mekrtam. — The  outside  rods  are  an  inch  and  a  half  in  inside 
diameter,  I  think,  and  the  in.^^ide  rod  is  an  inch  and  an  eighth  iu 
diameter. 
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jNIr.  Mead. — The  inside  rod  is  a  solid  steel  rod.  The  outside  rod  is 
inch  and  a  half  steel  pipe.  The  breakage  ahvay.s  occurs  in  the  outside 
rod  where  the  thread  is  cut,  which  is  of  course  the  weakest  point.  In 
the  new  design  for  the  rods  which  I  have  proposed,  the  outside  rods  are 
to  be  made  of  wrought-iron  pipe,  upset  at  the  ends  so  that  the  outside 
rod  will  be  as  strong  at  the  coupling  as  at  any  other  point. 

The  President. — I  would  like  to  know  what  the  city  of  De  Kalb 
spent  in  getting  this  plant  iu  working  order,  and  I  would  like  to  know 
further  the  saving  to  the  city  in  the  amount  of  water  they  are  pumping? 

Mr.  Mead. — The  total  cost  of  the  plant  was  about  as  follows: 

Oroiind  for  pumji-houi-e  and  reservoir $    425  00 

Cost  of  well - .  2.100  00 

Reservoir 6,700  00 

Pump-lioiise 2,550  00 

Pumps  and  motors 7,000  00 

Yentiiri  meter 600  00 

■Water  mains  laid 6,500  00 

Miscellaneous  costs,  including  engineering  and  supervision 2,000  00 


Total        $27,875  00 

The  cost  of  pumping  into  the  standpipe  was  about  11  cents  a 
thousand  gallons  before  the  new  works  were  constructed.  The  cost  of 
pumping  under  the  contract  is  4  cents  a  thousand  gallons.  Concern- 
ing the  new  arrangement,  the  City  Clerk  iu  his  annual  report  writes  as 
follows : 

"  With  this  report  I  have  prepared  the  table  giving  the  daily 
average  of  each  of  the  nine  months  (under  the  old  system)  of  the  num- 
ber of  gallons  of  water  pumped,  also  daily  cost  of  engineer,  coal, 
supplies  and  total  cost  per  day.  Also  daily  revenue  from  water  tax 
collections,  and  the  excess  of  costs  over  and  above  the  water  revenue. 
To  save  time  I  will  give  you  the  daily  estimate  for  the  whole  term  of 
nine  months  : 

No.  gallons  water  pumped 87,500 

•Cost  of  engineer S-l  21 

Cost  of  coal .        7  26 

Cost  of  supplies ]   06 

Total  cost  per  day $12  53 

Daily  revenue  from  water  tax 7  9o 

Cost  over  and  above  revenue  per  day 84  60 

cr  §1,679  per  year. 

"  Under  the  new  system  of  water  works  for  the  months  of  February, 
March  and  April,  the  daily  average  of  water  pumped  is  100,481  gallons; 


108  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

cost  per  day,  84.02  ;  the  daily  revenue  from  water-tax  is  $7.93,  bring- 
ing in  a  gain  to  the  city  over  and  above  expenses  of  $3.91  per  day,  or 
$1,427.15  per  year. 

"  This  present  revenue,  Avith  interest,  will  be  sufficient  to  pay  off 
all  of  our  bonded  indebtedness  by  the  year  1909." 

From  this  it  will  be  seen  that  for  the  nine  months  for  which  this 
report  (which  has  just  been  received)  is  made  out,  the  cost  of  pumping 
has  been  over  14  cents  per  thousand  gallons  pumped. 

Mr.  Merriam. — It  seems  that  this  matter  of  small  municipal 
pump  plants  is  one  that  should  be  of  considerable  intenst  to  all  of  us. 
These  plants  have  heretofore  been  put  in  about  in  this  way  :  A  contract 
is  made,  and  a  standpipe  is  put  up;  and  a  pump, a  double-acting  duplex, 
or  some  ordinary  type,  is  put  in.  No  particular  regard  has  been  paid 
to  the  efficiency  of  the  outfit  because  it  is  small,  and  it  is  thought  to  be 
too  small  to  pay  any  attention  to  its  efficiency.  It  is  thought  it  is  all 
right  if  it  is  a  pump  and  pumps  water.  Now,  it  seems  to  me  that  Mr. 
Mead  has  attacked  this  problem  in  the  right  way.  Although  the  plant 
is  a  small  oue,  he  has  paid  considerable  attention  to  the  most  economical 
and  efficient  arrangement  possible  under  the  circumstances.  And  I 
think  this  idea  is  worthy  of  being  followed  out  in  the  design  and  con- 
struction of  all  pumping  plants,  even  if  they  are  small. 

I  want  to  make  one  further  remark  about  this  efficiency  of  the 
engineering  work  in  this  particular  case.  The  city  of  De  Kalb  had 
spent,  before  Mr.  Mead  was  called  there,  about  $65,000  in  a  water- 
works plant.  The  mains  were  very  largely  of  4-inch  pipe.  They  had, 
however,  a  very  good  standpipe,  and  they  had  a  pump  and  three 
deep  wells.  The  city  paid  out  $3,700  per  annum  for  the  last  year's 
pumping,  and  they  received  about  $2,700.  Now  it  appears,  from  the 
present  prospect,  that  it  will  cost  the  city  about  $1,400  or  $1,500  to  dO' 
their  pumping.  Their  income  will  be  the' same,  $2,700.  The  entire 
expenditure  for  the  new  works  is  about  $30,000.  The  interest  on  this 
entire  expenditure  will  be  saved,  and  in  addition  to  that  there  will  be  a 
small  [)rofit  inside  of  the  receipts,  as  against  $2,000  loss  on  the  previously 
existing  pumping  plant. 

Now,  I  think,  as  I  said  before,  that  this  plant  has  been  attacked 
from  the  right  point  of  view.  There  has  been  an  attempt  to  obtain  the 
very  best  results,  an<l,  I  think,  there  are  a  good  many  of  these  small 
towns — five,  six,  or  seven  thousand  inhabitants — that  are  worthy  of  our 
best  thought  in  that  manner.  I  think  the  more  we  discuss  these  small 
plants  the  better  we  will  be  off,  because  I  think  we  will  learn  actually 
more  from  the  discussion  of  small  plants  than  of  the  large  plants  that 
only  a  few  of  us  at  best  will  ever  get  a  chance  to  design,  because  there 
are  too  few  of  them  that  are  being  l)uilt. 
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I  wish  to  say  further  concerning  the  De  Kalb  pLant  that  if  the 
well  were  moved  to  the  power-plant,  and  it  was  still  run  by  the  Electric 
Company,  it  would  have  to  be  run  through  shafting,  that  is,  it  could 
not  be  attached  dii'ect  to  the  engine.  If  it  were  attached  to  the  shaft 
they  could  hardly  get  along  with  a  less  loss  than  at  present,  for  they 
would  have  three  pumps  attached  to  the  shaft,  which  would  be  a  long, 
heavy  shaft,  or  they  would  have  a  shaft  and  two  or  three  counter  shafts. 
Now,  I  do  not  think  that  there  would  be  any  gain  in  this  method  ;  I 
think  there  would  be  at  least  10  per  cent.  lo.^s  in  that  shaft,  so  that  the 
only  remaining  loss  we  have  is  the  transmission  of  the  power.  If  the 
pumps  were  attached  to  independent  engines,  each  of  which  was  intended 
for  pumping  alone,  there  would  be  two  50  horse-power  engines  and 
one  25  horse-power  engine,  and  it  would  be  pretty  hard  to  obtain 
anything  near  the  efficiency  that  the  De  Kalb  Electric  Company  obtains 
with  the  compound  engine  of  125  horse-power.  I  am  very  much 
in  doubt  with  regard  to  the  possibility  of  running  the  plant  with  any 
greater  efficiency,  even  assuming  the  200,000  gallons  per  day,  especially 
by  a  city.  You  know  the  appointees  of  a  city  are  generally  put 
there  more  or  less  by  politics  or  favoritism,  and  such  help  is,  as  a  rule, 
incompetent. 

AVhen  the  old  DeKalb  pumping  plant  was  in  use  they  had  a  steam- 
head  on  their  deep- well  pump.  I  put  two  gauges  on  the  pump-head 
and  I  found  out  that,  on  the  up-stroke,  they  actually  had  a  ten  pound 
cushion  against  their  work  ;  well,  it  wouldn't  take  very  many  ten-pound 
cushions  to  do  away  with  the  entire  efficiency. 

The  President. — I  would  like  to  ask  in  connection  with  the 
steam-head  on  deep-well  pump  working  against  a  ceitaiu  per  cent,  of 
back  pressure,  if  it  was  making  half  the  stroke  it  was  presumed  to. 

Mr.  Merriam. — It  was  making  about  a  three-quarter  stroke. 

The  President. — Well,  it  was  doing  very  well. 

jNIr.  Mead. — One  point  concerning  the  efficiency  of  this  plant  it 
would  be  well  to  bear  in  mind.  The  De  Kalb  Electric  Company  are 
using  the  water  tube  boilers,  a  good  grade  of  engine,  and  it  is  probable 
that  the  economy  of  their  steam  plant  is  very  fair,  and  that  the  steam 
plant  is  run  under  very  fair  conditions. 

Now  if,  for  instance,  their  engines  are  run  with  20  pounds  of  steam 
per  horse-poAver  per  hour,  and  if  the  city  should  have  a  steam  plant,  and 
should  generate  steam  as  economically  as  the  De  Kalb  Electric  Com- 
pany, but  should  use  a  lower  grade  engine  which  would  take  40  pounds 
of  steam  i)er  horse-power  per  hour  ;  under  these  conditions  you  will  see 
that  20  pounds  of  steam  in  the  Electrical  Company's  engine  would  prac- 
tically do  the  same  work,  with  even  a  loss  of  50  })er  cent,  in  efficiency, 
at  the  same  expense  for  coal  as  in  the  case  of  the  city  plant  of  lower 


110  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

grade;  all  of  which  is  due  to  a  difference  in  the  class  of  the  luaohiuery 
used. 

I  believed  in  the  first  place,  and  still  believe,  that  a  steam  plant 
would  give  better  results  for  the  city  of  De  Kalb  than  can  be  obtained 
by  the  plant  as  built,  provided  they  could  and  would  obtain  a  reasona- 
bly good  steam  engineer  to  manage  the  plant.  Their  experience  in  the 
past  would  not  perhaps  warrant  one  in  drawing  such  conclusions,  but  it 
is  a  fact  that,  with  reasonably  good  management  and  reasonable  economy 
in  the  machinery,  better  results  than  are  now  being  obtained  might  be 
expected.  I  made  a  careful  estimate  and  calculated  the  cost  of  the  200,000 
gallons  of  water  a  day  at  about  .$5.71,  as  against  the  $S  actual  cost  at 
present.  This  estimate  was  based  on  facts  as  we  find  them  in  other 
places,  and  I  think  this  could  be  easily  reached  by  reasonably  good 
economy  in  the  plant  proposed.  However,  this  plan  was  not  adopted, 
but  the  city  decided  to  try  the  electrical  plant,  which  certainly  largely 
reduced  the  previous  cost  of  pumping,  and  is  also  at  present  more  eco- 
nomical than  the  steam  plant  would  be.  For  the  city  is  not  at  present 
using  more  than  100,000  gallons  per  day.  In  the  long  run,  however, 
and  long  before  the  contract  with  the  Electrical  Company  expires,  I 
believe  a  plant  operated  by  the  city  would  prove  f:ir  more  advantageous 
to  the  city  of  De  Kalb. 

Concerning  the  pumping  plants  of  the  smaller  cities  and  towns  I 
wish  to  say  one  word  furtlier.  In  the  larger  plants  great  attention  is 
paid  to  having  engiues  which  will  give  a  high  efficiency.  It  has  appeared 
to  me  that  in  the  small  plants  the  question  of  efficiency  is  also  a  very 
imp;)rtaut  point.  The  original  cost  and  the  running  expense  of  these 
small  plants  are  usually  higher  per  capita  than  in  the  larger  cities. 
The  same  attention  to  economy  therefore  should  be  paid  to  the  smaller 
plants  as  to  the  larger  ones,  at  least  as  far  as  possible.  This  is  not  ordi- 
narily done  in  selecting  small  pumping  machinery.  Neither  do  the 
manufacturers  seem  to  give  it  any  attention.  The  idea  seems  to  be  con- 
sidered by  the  manufacturers  not  of  importance  enough  to  give  it  a 
moment's  thought.  The  reason  for  this  is  of  course  obvious.  There  is 
not  enough  money  in  the  small  machinery  to  pay  for  the  extra  work,  or 
for  the  designing  of  the  higher  grade  machinery.  Neither  is  the  design- 
ing engineer  j)aid  enough  ordinarily  to  warrant  him  in  giving  great 
attention  to  securing  high-grade  machinery,  and  as  there  has  been  no 
demand  for  this  class  of  macliiuery  there  is  therefore  no  supply,  and  will 
not  be  until  the  engineers  and  the  public  require  it.  But  is  it  notequally 
as  essential  in  a  small  way?  Is  it  not  proportionately  as  essential  to 
have  economically  designeil  machines  in  the  small  works  as  in  the 
larger  plants  ? 

Mr.  Cooley. — It  occurs  to  me  that,  as  an  offset  to  a  separate  en- 
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gine,  vou  could  put  on  a  separate  condenser  that  will  heat  the  water  in 
the  well  about  4  or  5  degrees. 

A  Member. — That  same  idea  of  temperature  in  the  water  had 
occurred  to  me  when  Mr.  Mead  was  speaking  of  the  deep- well  gauge.  I 
Think  the  difference  in  the  temperature  of  the  water  would  make  a  differ- 
ence in  the  reading  of  the  gauge.  I  did  not  hear  anybody  speak  about 
measuring  the  tem]>erature  of  the  water. 

Me.  Mead. — The  water  in  artesian  wells  is  about  uniform  through- 
out the  year.  It  may  yary  a  few  degrees  perhaps,  but  a*  it  is  coming 
from  800  feet  below  the  surface  it  preseryes  quite  a  uniform  tempera- 
ture. It  b  comparatiyely  warm  in  winter  and  cold  in  summer.  Most 
of  the  wells  through  Northern  Illinois  run  perhaps  from  about  54  de- 
grees to,  in  some  extreme  cases,  as  high  as  60 ;  about  54  to  55,  I  think, 
is  the  ayerage  of  the  most  of  the  artesian  wells.  Variations  in  tempera- 
tare  of  an  indiyidual  well  would  be  yery  small,  and  would  therefore 
make  little  difference  with  the  deep-well  gauge. 

A  Member. — In  connection  with  the  temperature  of  the  artesian 
well  water,  I  would  mention  one  point,  and  the  experience  may  be  some- 
what useful  to  you,  gentlemen.  At  Waukegan,  there  is  an  intake  pipe 
running  out  into  Lake  Michigan.  They  had  trouble  with  anchor  ice, 
and  to  get  rid  of  the  anchor  ice  the}-  turned  the  water  from  an  artesian 
well  into  their  intake  pipe  and  flushed  the  anchor  ice  out.  That  part  of 
it  was  a  success.  But  the  difference  in  temperature  of  the  water  caused 
an  expansion  of  the  pipes,  so  that  they  separated  at  the  joints  and  they 
had  to  connect  them  up. 

Mr.  Ward. — Speaking  of  the  pressure  in  artesian  wells,  I  will  say 
that  in  Marseilles  we  haye  something  like  200  wells  drawing  all  from 
the  St.  Peter's  sandstone,  and  the  water  rises  to  the  surface  and  flows  at 
the  surface.  We  haye  noticed  there  that  the  height  decreases  at  the 
rate  of  from  4  to  5  inches  a  year.  There  is  a  regular  decrease  ap- 
parently in  the  height.  There  is  one  well  there  that,  when  I  first 
drilled  it,  about  1884  or  1885,  flowed  about  3  or  4  feet  aboye  the 
surface.  This  is  on  rather  high  ground,  and  when  the  head  was 
lowest,  so  that  it  began  to  flow  merely  to  the  surface,  I  noticed  that 
there  were  times  in  which  it  would  not  flow  at  all,  while  at  other  times 
it  would  flow  quite  remarkably ;  sometimes  it  would  cease  entirely.  The 
St.  Peters  sandstone  in  that  region  comes  lo  the  surface  at  Ottawa.  They 
use  it  to  manufacture  glass  there.  It  outcrops  along  the  Vermillion 
Riyer  and  up  the  Fox  Riyer,  and  the  dip  is  about  11*  feet  per  mile 
to  north  and  east,  so  that  we  haye  to  go  down  at  some  places  108 
or  109  feet  to  reach  it.  The  water  eyidently  comes  from  Wisconsin, 
near  Janesyille.  I  think  that  at  ^larseiUes,  and  along  near  Ottawa 
and  just  below  Ottawa,  and   along    the    Fox    Riyer,  there    are  large 
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springs  of  this  same  water  that  rush  out  from  the  rock.  Some  of 
those  springs,  like  the  one  up  near  Dayton,  just  north  of  Ottawa,  are 
very  large.  This  one  is  probably  over  six  feet  wide  and  perhaps 
four  to  five  inches  deep,  a  constant  stream  running  into  the  Fox 
River.     There  is  another  one  something  like  that  just  below. 

]\Ir.  Roney. — I  am  informed  that  Mr.  Mead  has  made  a  thorough 
and  exhaustive  test  of  a  very  interesting  gasoline  engine  pumping 
plant,  which  he  built  at  Dundee,  111.  I  hope  that  Mr.  Mead  will 
favor  us  with  a  paper  describing  that  plant  and  his  very  extended 
tests  of  it. 

The  President. — That  is  a  suggestion  that  I  endorse  with  all  my 
heart.  I  think  it  might  be  well  that  these  gentlemen,  who  have  been 
raising  critical  questions  concerning  the  question  of  efficiency  of  the  De 
Kalb  water  works,  express  themselves  emphatically  that  they  do  not 
see  any  bad  business  policy  in  getting  water  pumped  for  4  cents  a  thou- 
fjand  gallons  that  has  previously  cost  the  city  of  De  Kalb  11  cents. 
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stoppi:n^g  a  troublesome  slide  at  a  summit 

TU]VNEL. 


By  John  D.  Isaacs,  Member  of  the  Technical  Society  of  the  Pacific 

Coast. 


[Read  before  the  Society,  April  5,  1895.*] 


INTRODUCTORY. 

Probably  no  section  of  California  within  easy  reach  of  San  Fran- 
cisco presents  greater  attractions  than  that  portion  of  the  Santa  Cruz 
Mountains  lying  contiguous  to  the  Santa  Cruz  Division  of  the  Southern 
Pacific  Railroad  (commonly  called  the  Narrow  Gauge). 

Leaving  the  picturesque  town  of  Los  Gatos,  the  southbound  train 
ascends  the  wild  and  beautiful  canon  of  Los  Gatos  Creek,  crosses  a 
double  summit  and  by  easy  grades  descends  into  the  fertile  Santa  Cruz 
region.  In  the  short  time  of  two  hours  the  traveler  passes  from  the 
wheat-fields  of  Santa  Clara  Valley,  through  the  orchards  and  vineyards 
of  the  foothills,  into  forests  of  gigantic  redwoods  and  wild  mountain 
scenery,  thence  to  park-like  glades  and  lawns  stretching  to  the  yellow 
sands  and  blue  waters  of  Monterey  Bay. 

There  are  on  this  line  two  summit  tunnels,  the  first  or  most  north- 
erly of  which  is  just  at  Wright's  Station,  and  is  known  as  Wright's 
Tunnel.  It  is  1.16  miles  long,  and  for  some  two  hundred  feet  from  the 
northern  end  is  driven  through  a  clay  stratum  resting  upon  an  inclined 

*  Manuscript  received  September  2,  1895. — Secretary,  Ass' n  of  Ewj.  Socs. 
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rock  bed  which  pitches  northward  towards  Los  Gatos  Creek.  The 
maintenance  of  this  tunnel  has  always  given  trouble  during  the  heavy 
winter  storms  for  which  this  immediate  section  of  country  is  remark- 
able, but  no  serious  imi)ediinent  to  traffic  occurred  until  the  winter  of 
1892-3. 

At  this  place,  a  tributary  to  Los  Gatos  Creek,  which  flows  nearly 
due  east,  is  joined  by  a  side  creek  flowing  north.  Both  creeks  are 
nearly  dry  in  summer,  but  become  torrents  in  stormy  weather.  The 
railroad  track  crossed  the  side  creek  just  at  the  mouth  of  the  tunnel 
and  a  few  feet  away  from  its  junction  with  the  north  creek. 

In  the  heavy  storms  of  1892-3,  the  two  creeks  cut  through  the  clay 
bed  to  the  rock  beljw,  and  the  whole  hillside  for  some  three  hundred 
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Fig.  1. 


feet  back  slid  forward  towards  AVriffht's  Station,  filling  the  narrow 
throat  between  the  points  of  rock  "A"  and  "  B"  on  the  accompanying 
map.  The  entire  mass  seemed  to  be  afloat  on  a  film  of  water  between 
the  clay  and  bedrock.  The  first  two  hundred  feet  of  tunnel  was 
crushed  in  and  taken  with  the  slide,  and  traffic  on  the  road  was 
stopped. 

Attempts  were  made  to  reconstruct  the  end  of  the  tunnel  and 
portal  with  heavy  timber  and  iron,  but  these  proved  failures.  Not 
until  the  storms  ceased,  and  a  through  cut  was  made,  could  traffic  be 
resumed.  As  soon  as  dry  weather  set  in,  all  was  well ;  but  it  was  evi- 
dent that  before  the  next  winter  one  of  the  following  courses  of  action 
must  be  taken  : 
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(1)  Do  nothing,  aud  abandon  the  road  until  spring. 

{2)  Hydraulic  the  slide  out.  As  the  condition  of  the  bed  beyond 
the  slide  was  unknown,  and  as  an  inspection  showed  the  ground  to  be 
seriously  cracked  for  a  considerable  distance  beyond  the  slide,  it  might 
prove  to  be  a  very  serious  undertaking,  besides  interfering  greatly  with 
the  water  supply  of  the  town  below,  derived  from  the  Los  Gatos 
Creek. 

(8)  Reestablish  and  maintain  the  toe  of  the  slide  by  raising  the 
beds  of  the  two  creeks  and  by  constructing  a  concrete  masonry  retain- 
ing-wall  or  dam  from  the  rock  points  "  A "  and  "  B,"  pierced  by  a 
tunnel. 

This  last  proposition,  which  originated  in  a  discussion  between  Mr. 
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Fig.  2. 

W.  S.  Palmer,  Resident  Engineer  of  the  Santa  Cruz  Division,  and  our 
Vice-President,  Mr.  W.  G.  Curtis,  was  carried  out,  with  highly  grati- 
fying results.  A  concrete  retainiug-wall  was  built,  as  shown  on  the 
accompanying  drawings,  pierced  by  a  tunnel.  The  beds  of  the  creeks 
were  filled,  re-establishing  the  toe  of  the  slide,  and  the  side  creek  from 
the  south  carried  behind  the  wall  over  the  top  of  the  tunnel  and  made 
to  join  Los  Gatos  Creek  just  at  a  spillway  in  the  westerly  side  of  the 
retaining-wall,  through  which  the  combined  streams  now  discharge. 

The  retaining-wall  is  about  twenty-eight  feet  high  from  base  of  rail, 
fourteen  feet  thick  at  bottom  aud  two  feet  thick  at  top.  It  is  of  the  out- 
line and  form  shown  on  plans  herewith.  The  tunnel  is  oval  in  shape, 
and  of  varying  thickness,  as  shown. 
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Kronl  Elevation  ^llo«illL■  Spill  >V;iv  aiirl  Ititalniim  Wall  (Drii'lopHi)  S.-cli  ,n  thr  ii.li  1!<  laming 
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As  it  was  desirable  to  avoid  hydrostatic  pressure  on  the  retainiug- 
wall,  it  was  backed  by  dry  rubble  masonry,  which  was  covered  with 
clay  puddle,  well  rammed,  aud  separate  drains  were  run  from  the  rubble 
and  from  the  slide  behind  it  through  the  retaining-wall.  The  same 
arrangement  was  followed  with  the  masonry  tunnel. 

As  the  tunnel  cut  through  the  slide,  it  had  to  be  arranged  to  trans- 
mit the  thrust  of  the  slide  from  south  to  north.  The  sides  of  the  barrel 
were,  therefore,  carried  down  to  bedrock,  and  a  key-piece  put  in  under 
the  track,  as  shown.  The  earth  was  well  tamped  and  rammed  on  both 
sides  of  the  barrel,  and  the  top  of  the  tunnel  was  loaded  with  earth  from 


Fig.  4. 

fifteen  feet  deep  forty-two  feet  back  from  the  retaiuing-wall,  to  twenty- 
five  feet  deep  at  its  further  end.  In  effect,  the  barrel  was  made  part  of 
the  slide,  and  the  slide  provided  with  a  toe. 

Masonry. — The  entire  work  is  a  concrete  monolith.     All  the  con- 
crete is  mixed  in  the  following  proportion,  by  volume: 

One  part  Portland  cement, 

Two  parts  sand. 

Three  parts  gravel, 

Four  parts  broken  rock  passing  through  a  two-inch  ring. 

But  all  that  portion  below  the  base  of  rail,  except  the  key-piece  under 
the  track,  has  placed  in  it  large  pieces  of  rock  varying  from  one-quarter 
to  one  cubic  yard,  as  follows :  a  layer  of  concrete  six  inches  thick,  hav- 
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iug  beeu  first  laid,  and  while  yet  soft,  large  rocks  were  placed  upon  it, 
with  their  best  bed  down,  the  rocks  usually  standing  on  one  of  their 
ends,  leaving  a  clear  space  of  about  eighteen  inches  between  tliem,  into 
which  the  concrete  was  afterwards  rammed  until  the  spaces  were  filled. 
Whenever  there  was  room  enough,  smaller  stones  were  thrown  in  and 
rammed  with  the  filling,  but  care  was  always  taken  to  surround  all 
rock  with  concrete.  It  was  thought  by  placing  the  large  stones  smaller 
side  down  they  would  bed  tiiemselves  better  in  the  soft  concrete. 

One  tier  or  course  having  been  thus  built,  the  same  method  was 
pursued  until  the  height  of  base  of  rail  was  obtained ;  above  that,  the 
same  concrete  mixture  was  used  minus  the  lar<re  stones. 


Fig.  5." 


The  rock  was  a  strong,  heavy  blue  trap,  obtained  from  the  side  of 
the  road  about  three-quarters  of  a  mile  below  the  tunnel. 

Sand  and  gravel  were  found  mixed  in  nearly  the  proper  proportion 
in  a  gravel  bed  just  south  of  Campbell's,  about  ten  miles  north  of  the 
tunnel.  Into  this  a  series  of  spur-tracks  were  run,  and  the  mixed  sand 
and  gravel  loaded  directly  from  the  bank  to  the  cars.  A  portion  of 
this  sand  and  gravel  was  screened  and  kept  on  hand  separately,  and 
additions  of  sand  or  gravel  made  as  necessary. 

MixiNcj. — Advantage  was  taken  of  an  existing  sidetrack  put  in 
when  the  cut  was  first  opened,  some  thirty  feet  south  of  the  main  line 
and  four   feet  above  same,    and  the  space   between   the   two   tracks 


*  The  wall  is  of  concrete,  as  stated  in  the  text,  not  of  masonry,  as  shown  in  the 
cut. — Secretary,  Ass^n  of  Encj.  Socs. 
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filled  in  with  a  mixing  platfonn  having  its  planking  lengthwise.  The 
top  of  this  platform  was  level  with  the  top  of  the  cars  on  the  siding  and 
the  planks  over  the  proposed  foundation  left  loose.  Beyond  the  siding 
and  further  south  the  ground  was  benched  at  intervals  level  with  the 
top  of  cars,  and  on  these  benches  the  cement  was  stored,  making  in 
effect,  with  the  tops  of  the  empty  flats,  a  platform  about  forty  feet  wide. 
A  train  of  cars  loaded  with  rock  was  run  on  the  siding,  unloaded  on  the 
platform,  distribnted  and  wet  down.  This  was  pulled  out  and  another 
followed  with  the  proper  amount  of  mixed  sand  and  gravel.  As 
soon  as  the  last  was  unloaded,  spread  over  the  rocks  and  wetted,  the 
barrels  of  cement  were  rolled  across  the  flats,  broken  and  distributed. 
Mixing  with  shovels  then  began,  each  turn  bringing  the  mixture  nearer 
the  point  of  use,  at  which  point  the  platform  ])lauks  were  removed  so 
that  the  concrete  dropped  through  to  the  rammers.  For  the  north  side, 
small  removable  troughs  were  used  until  such  a  height  was  attained  that 
barrows  were  necessary.  This  arrangement  enabled  us  to  build  the 
greater  part  of  the  mass  with  little  use  of  barrows,  but  from  a  height  of 
four  feet  from  base  of  rail  up,  all  the  concrete  was  put  in  with  wheel- 
barrows. The  mixing  board  was  near  the  track  below  the  wall.  The 
men  made  a  circuit  with  the  barrows.  When  each  man  returned  to  the 
mixing  board  with  an  empty  barrow,  another  filled  was  ready  for  him, 
so  that  there  was  no  waiting  for  loads.  Tamping  was  done  with  point 
rammers  weighing  ten  pounds  each.  Segments  and  lagging  were  made 
of  two-inch  plank,  falsework  of  12x12  inch  timber.  The  tunnel  is 
made  sufficiently  large  to  enable  us  to  broad-gauge  the  road  at  any  future 
time.  The  work  occupied  about  six  weeks,  about  one  month  being 
required  for  putting  in  concrete.  The  entire  work  contained  about  four 
thousand  cubic  yards  of  concrete.  Exclusive  of  moulds,  the  concrete 
cost  $6.00  per  yard  in  place ;  to  which  the  moulds  would  add  20 
per  cent,  per  yard.  The  falsework  was  allowed  to  remain  during  the 
winter  of  1893-4,  but  was  removed  during  last  summer.  Up  to  this  date 
the  structure  shows  no  cracks  or  other  sign  of  failure,  and  is  apparently 
good  for  all  time. 

DISCUSSION. 


The  President. — This  is  a  very  interesting  account  of  the  trouble- 
some work  on  the  Santa  Cruz  Road.  It  ought  to  be  interesting  to  the 
civil  engineers  present,  and  I  hope  the  paper  will  be  discussed. 

Mr.  Manson. — Mr.  President,  I  heard  Mr.  Isaacs  give  a  general 
description  of  this  work  when  it  was  in  progress.  It  was  of  great  inter- 
est at  that  time,  and  now  it  is  of  more  interest,  the  work  having  been 
successfully  completed,  and  so  well  described. 
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I  would  ask  Mr.  Isaacs  why  he  did  not  use  the  large  rock  above 
the  level  of  the  track  iu  the  wall  ?  AVas  it  because  of  the  dimin- 
ished thickness  of  the  wall,  or  because  it  was  more  desirable  to  have  the 
wall  above  the  track  constructed  homogeneously? 

Mr.  Isaacs. — It  was  for  both  reasons, 

Mr.  Dickie. — What  was  the  effect  on  the  cost  ?  I  presume  that 
was  the  main  factor  in  using  them  ? 

Mr.  Isaacs. — I  put  the  rock  in  for  about  sixty  cents  a  yard  and  the 
concrete  would  cost  eight  dollars  a  yard.  I  do  not  see  the  sense  of 
breaking  up  rock  and  cementing  it  together  again,  where  you  can  use 
large  masses.  I  could  not  see  any  reason  why  below  the  line  of  thrust 
we  could  not  use  almost  anything  sufficient  to  sustain  the  weight. 

Mr.  Manson. — I  asked  the  question  because  I  have  always  been  a 
strong  advocate  of  using  heavy  masses  of  rock  iu  heavy  masonry,  where 
the  rock  is  sound.  In  some  instances,  where  I  could  get  large  rock,  I 
have  used  it  freely.  In  certain  cases  its  use  materially  reduces  the  cost, 
and  with  good  results. 

Mr.  Randell  Hunt. — Has  there  been  any  movement  of  the  side- 
hill  or  the  top  ? 

Mr.  Isaacs. — Not  that  I  have  observed.  I  have  examined  it  sev- 
eral times.  Some  of  the  cracks  above  the  actual  slide  seem  to  have 
settled  together,  but  I  think  more  from  weathering  than  anything  else. 

Mr.  Hunt. — About  how  far  back  did  you  notice  the  movement  iu 
the  hill  ? 

Mr.  Isaacs. — The  actual  slide  was,  at  the  farthest  point,  about  four 
hundred  feet  back.  We  could  trace  cracks  for  half  a  mile  up  the  side 
of  the  mountain. 

Mr.  Hunt. — Was  it  a  rocky  side  hill  ? 

Mr.  Isaacs. — It  was  of  decomposed  rock,  mixed  with  clay  :  a  bluish- 
black  clay  ;  and  under  that  was  a  stratum  of  hard  country  rock,  pitching 
nearly  in  the  direction  that  the  slide  took. 

Mr.  Hunt. — Did  you  take  any  means  to  drain  the  side  hill  after- 
wards— up  on  the  hill? 

Mr.  Isaacs. — No,  except  through  the  dam. 

Mr.  Grunsky. — I  would  like  to  know  what  water  was  developed 
or  what  water  was  moving  between  the  clay  and  the  rock.  We  have 
recently  had  occasion  to  consider  that  question  in  the  building  of  an 
earth  dam  with  a  rock  foundation.  We  put  in  what  might  be  called  a 
core  wall  as  a  support  for  the  earth  dam.  Just  above  the  wall  we  put 
in  some  dry  rock  filling  to  create  a  sort  of  sump,  and  above  that  some 
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finei'  material.  Then  we  put  in  a  lead  pipe  from  that  sump  to  the  toe 
of  the  dam,  to  show  what  was  going  on  underneath  the  structure.  The 
work  seemed  to  have  been  satisfactorily  done.  There  was  really  no 
leakage,  and  no  water  reached  our  broken  rock  at  all.  This  may  be  an 
instance  where  it  is  possible  to  determine  what  the  flow  was  between  t'le 
clay  and  hard  rock  underneath  it. 

Mr.  Isaacs. — I  was  at  Wright's  last  winter,  and  I  noticed  there 
was  some  little  dripping  from  the  pipes  that  had  been  put  into  the 
rubble  backing.  Whether  it  got  through  the  clay,  or  whether  it  fol- 
lowed down  the  concrete,  I  do  not  know.  There  was  quite  a  little 
stream  running  from  each  of  the  pipes  that  were  put  through  the 
puddle. 

Mr.  Hunt. — Mr.  Chairman,  this  paper  of  Mr.  Isaacs,  which  he  has 
presented  so  clearly,  brings  to  my  mind  some  experiences  I  have  had 
at  various  times  with  regard  to  very  large  clay  slips,  and  particularly  in 
railroad  practice.  I  know  of  instances  of  alluvial  deposits  in  rivers, 
where  a  clay  bank  on  the  concave  shore  is  continually  slipping  forward, 
and  railroads  constructed  along  such  a  river  bank  have  frequently  met 
with  mishap,  due  to  the  sliding  forward  of  these  large  clay  banks. 

The  usual  remedy  is  in  the  nature  of  preventing  such  slips  by 
drainage  of  the  sidehill  quite  a  distance  back  from  the  w'orks.  That  is 
the  reason  I  asked  Mr.  Isaacs  whether  he  attempted  anything  of  that 
kind  to  prevent  future  action.  The  cause  of  these  great  movements  of 
sidehills  and  clay  slips  I  have  found  to  be  water,  which  gets  into  the 
soil  and  seeks  an  outlet,  generally  through  some  permeable  stratum.  In 
the  Red  River  Valley  in  North  Dakota,  a  large  area  of  land,  embrac- 
ing probably  fifteen  or  twenty  acres,  slid  forward,  not  quickly,  but  dur- 
ing a  number  of  years,  until  it  got  down  to  an  exceedingly  flat  slope. 
Nevertheless,  it  continued  to  move  forward  and  carried  with  it  a  large 
bridge  pier  that  was  founded  on  piles  forty  feet  in  the  ground.  In  seven 
years  it  moved  about  ten  feet,  so  that  the  pier,  which  was  under  the  end 
of  a  Howe  truss  bridge,  was  pushed  under  the  second  panel  point.  The 
movement  was  perfectly  irresistible.  No  method,  as  ftir  as  could  be 
seen,  could  be  used  to  hold  it  back, 

I  know  of  a  case  also  in  California,  in  the  mountains  of  Mendocino 
County,  on  Eel  River.  The  side  of  the  mountain  started  to  move.  It 
was  due  to  water  getting  into  the  sidehill  quite  a  distance  back  from  the 
river,  and  it  was  pushing  the  whole  side  of  the  mountain  down  into  the 
river.  In  this  case  any  further  progress  was  prevented  by  a  very 
simple  method  of  draining  the  sidehill  about  a  thousand  yards  back,  A 
few  cross  ditches  carried  the  water  away,  and  since  then  no  further 
movement  has  been  discovered. 
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Mr.  Isaacs. — Before  this  work  at  Wright's  Station  was  iniderlaken 
we  discussed  the  matter  of  drainage  pretty  thoroughly.  This  tunnel  had 
always  given  trouble  in  the  heaviest  winters.  This  section  of  coun- 
try (I  think  Mr.  Manson  and  Mr.  Grunsky  will  bear  me  out)  has  about 
the  heaviest  rainfall  of  any  section  in  California  on  the  line  of  the 
Southern  Pacific  Railroad  except  Mount  Shasta.  We  had  already 
attempted  to  prevent  the  sliding  by  ditches,  just  beyond  the  gap,  leading 
off  both  ways  according  to  the  slopes  of  the  ground  to  the  side  creeks. 
But  that  did  not  stop  it.  The  difficulty  here  seemed  to  be  that  the 
mountain  side  was  composed  of  a  broken-up  soil,  consisting  of  fine, 
decomposed  rock  and  clay  and  various  other  materials,  all  mixed  up 
together,  and  it  lay  on  a  pitching  bed  of  rock.  This  mass  was  left  with 
perpendicular  sides  and  no  toe,  and  it  simply  slid  along.  In  the  time 
at  our  disposal,  with  ground  of  such  character,  and  with  a  large  rain- 
fall, we  could  not  put  in  enough  ditches  to  intercept  the  rain  and  pre- 
vent it  getting  down  into  the  crevices.  All  sorts  of  suggestions  were 
made  about  this  work.  One  suggestion  was  to  build  a  shed  over  the 
whole  mountain  side  and  keep  the  rain  off. 

Mr.  Hunt. — Such  slides  occur  where  the  water  gets  in  behind  and 
then  sweeps  down  underneath  the  surface  strata.  I  have  usually  found 
these  slides  in  a  clay  bank,  and  where  there  are  permeable  strata.  In 
one  particular  instance  I  argued  that  a  stratum  of  sand  was  causing  the 
trouble.  We  were  sinking  a  large  circular  pier,  thirty-two  feet  in 
diameter,  and  this  clay  bank  was  coming  in  on  us.  After  we  got  down 
quite  a  distance,  we  came  into  a  stratum  of  river  quicksand  a  few  inches 
in  thickness,  and  this,  no  doubt,  was  the  cause  of  the  slip.  The  water 
got  behind  and  into  the  clay,  and  the  whole  bank  moved  forward  on 
the  slide  thus  formed. 

It  has  been  my  experience  that  blue  clay  seems  to  be  the  most  slip- 
pery, and  that  the  most  irresistible  slides  ai'e  those  caused  by  it. 

In  one  case,  when  we  had  a  very  bad  drought,  the  next  season  the 
bank  moved  more  than  usual.  That  was  probably  due  to  the  fact  that 
during  the  drought  the  heat  cracked  the  clay  bank,  so  that  they  were 
more  apt  to  break  open  and  leave  fissures  in  the  ground  ;  then  the  rain 
would  come  on  afterwards,  the  fissures  would  fill  up  with  water,  and 
the  hydrostatic  pressure  would  become  enormous.  I  suppose  this  is 
the  cause  of  nearly  all  these  slips. 

Mk.  Manson. — The  matter  of  sliding  hillsides  is  exceedingly  inter- 
esting here  in  California.  You  find  it  not  only  along  the  line  of  newly 
constructed  works,  but  along  creeks.  On  hillsides  and  on  mountain  sides 
the  evidence  of  it  is  very  distinct,  and   very  interesting  to  study. 

The  California  clays,  and  particularly  those  that  are  the  result  of 
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the  decomposition  of  au  impure  soapstoue  we  have  liere,  are  very  apt  to 
slide.  Mr.  Schussler  says,  he  believes  they  would  slide  up  hill.  He  has 
had  very  disastrous  experiences  with  them  in  connection  with  his 
pipes. 

Mr.  Hunt. — A  very  largo  slide  took  place  in  Germany  some  years 
ago,  and  it  was  very  successfully  treated  by  means  of  a  deep  ditch  on 
the  upper  side.  It  was  carried  underneath  the  railroad  embankments, 
and  side  lateral  ditches  were  run  in  both  ways  parallel  to  the  railroad. 
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DEFI.ECTIOXS   AND    STRAIXS    IINT   A   FLEXIBLE    RIXG 

LNDER    LOAD. 


By  William  H,  Searles,  C.E.,  Member  of  the  Civil  Esgixeers'  Club  of 

Cleveland. 


[Read  before  the  Club,  July  9,  1895  *.] 

If  we  suppose  a  flexible  ring  of  uniform  section  to  stand  vertically, 
resting  on  a  single  point,  and  to  be  loaded  at  the  top,  a  number  of  in- 
teresting problems  at  once  present  themselves  for  solution,  such  as  : 

What  load  will  be  required  to  produce  a  given  depression  ? 

What  will  be  the  horizontal  extension  of  the  ring  under  the  same 
load  ? 

What  is  the  relation  between  the  vertical  and  horizontal  displace- 
ments ? 

What  is  the  general  relation  between  loads  and  vertical  depres- 
sions ? 

What  are  the  principal  moments  of  resistance,  at  the  side  and  top? 

What  is  the  position  of  the  section  of  no  moment  at  any  period  of 
deflection  ? 

What  is  the  radius  of  curvature  at  the  side  or  at  the  top  under  any 
condition  of  load  or  depression,  and  at  what  point  of  depression  does  the 
radius  of  curvature  become  infinite? 

Again,  the  same  questions  arise  if  we  suppose  the  load  to  be  re- 
placed by  a  vertical  pull,  changing  the  ring  from  a  roller  into  a  link. 

The  Club  has  already  listened  to  a  paper  on  the  compressive  strength 
of  steel  hoops  by  Prof  C.  H.  Benjamiu,t  the  publication  of  which  led 
Messrs.  C.  W.  L.  Filkins  and  Edwin  J.  Foot,  Civil  Engineers  of  Cornell 
University,  to  offer  an  elaborate  mathematical  analysis  of  the  conditions 
of  a  rigid  ring  under  external  load.  Their  conclusions  and  formulas, 
though  applicable  only  to  a  ring  which  remains  sensibly  circular  under 
load,  are  adopted  here  and  form  the  basis  or  starting  point  of  the 
present  investigation. 

The  experimental  data  were  derived  from  a  ring  of  No.  9  steel 
wire  electrically  welded,  having  a  mean  diameter  of  20  inches.  The 
ring  was  compressed  one  quarter  inch  at  a  time,  the  load  read  on  a 
spring  balance,  and  the  shape  of  the  hoop  traced  at  each  inch  of  com- 
pression, the  geometric  center  of  figure  being  kept  identical  in  all  cases. 


*  Manuscript  received  September  25,  1895. — Secretary,  Ass'n  of  Eng.  Socs. 
t  Journal  for  December,  1893. 
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The  riDg  was  also  subjected  to  tension,  and  a  record  of  forces  and  shapes 
made  in  a  similar  manner.  These  experiments,  though  crude  enough, 
were  satisfactory  up  to  the  limit  of  elasticity.  Beyond  that  point  they 
were  supplemented  by  experiments  upon  hoops  of  baud-steel  which 
would  bear  entire  collapse  under  pressure,  reducing  one  diameter  to 
zero,  and  yet  would  recover  their  original  shape  fairly  well. 

As  the  figure  of  the  hoop  is  always  symmetrical  about  its  two  prin- 
cipal axes  we  may  confine  our  attention  to  a  single  quadrant,  taking 
the  origin  of  co-ordiuates  at  the  center  of  the  entire  figure,  and  calling 
the  vertical  serai- diameter,  Y,  and  the  horizontal  semi-diameter,  X. 
For  the  circle,  F=  A'=i?.     Let  A  I"  denote  the  compression  due  to  a 


Fig.  1. 


load  and  A  X  the  horizontal  extension,  while  the  center  C  remains 
stationary.  Suppose  the  vertical  radius  to  be  divided  into  ten  equal 
parts  and  the  hoop  compressed  successively  to  each  point  of  division. 
We  shall  then  find  that  A"  has  been  extended  by  ten  unequal  increments 
which  gradually  decrease  toward  the  end  of  the  experiment.  If  we 
extend  Fby  equal  increments,  Xwill  be  reduced  by  rapidly  increasing 
increments.  If  we  draw  perpendiculars  through  the  corresponding  points 
of  division,  their  intersections  will  lie  in  a  curve.  (Fig.  1.)  This  curve, 
of  course,  passes  through  the  point  0  where  the  tangents  to  the  circle 
meet,  it  crosses  the  axis  of  5^  at  H,  CH  being  equal  to  the  length  of  the 
quadrant  and  is  the  value  of  Fwhen  X^=0.     The  curve  also  cuts  the 
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axis  of  X  at  I,  \vlien  F=  0.  The  tangent  at  /  is  assumed  to  be  at  right 
angles  to  CI. 

To  find  the  tangent  at  0  we  refer  to  the  paper  above  mentioned 
which  demonstrates  that  if  aX,  A  Y,  represent  the  first  miuute  changes 
in  the  value  of  the  radius  /?  of  a  circular  ring  under  a  load  P,  then 

,.     4—-    PR^        ,      ,^      -2—8    PR^ 
A  A  =  4^-  •  ^Y  «^^f^  ^  ^—"8;^"     ET  ^^^ 

Consequently,  if  i  is  the  inclination  of  the  required  tangent  at  0  to 
the  axis  of  Y,  we  have  by  division, 

tan  i  =  ^^^=^^:^  =  .91828  (2) 

or  i  =  42°33'38,"  a  constant,  and  therefore  true,  for  all  hoops.  Having 
now  three  points  through  which  the  curve  of  XY  passes  and  the  direc- 
tion of  the  tangents  at  two  of  them  we  determine  by  graphical  tests  that 
this  curve  can  only  be  a  common  parabola,  but  its  axis  does  not  pass 
through  our  origin  C,  nor  is  it  parallel  to  either  axis  of  co-ordinates. 
The  finding  of  the  axis  of  the  parabola,  its  focus,  etc.,  by  analysis  is 
a  neat  little  problem,  which,  however,  need  not  be  gone  into  here.  Suf- 
fice it  to  say  that,  C -Ef  being  equal  to  i?  —^   =  R   1.5708,  and    C  I 

equal  to  R  1.8673  and  the  tangents  to  the  curve  at  0  and  /  being  as 
stated,  the  axis  of  the  parabola  is  inclined  to  the  axis  of  Xby  an  angle  of 
28°  33'  4!)"  aud  cuts  the  axis  of  A"  at  a  point  .14461  R  beyond  or  to  the 
left  of  the  origin  C.  The  co-ordinates  of  the  vertex  Fare  A"  =  1.19450 
R,  and  Y=  .72900  R.  The  parameter  is  2])  =  2.6558  R.,  in  which  R 
is  the  mean  radius  of  the  original  hoop. 

This  parabola  solves  the  third  question  of  the  series,  giving  by  its 
co-ordinates  the  relation  betweea  the  vertical  and  horizontal  displace- 
ments. The  calculation  of  value  of  A  A' in  terms  of  A  I^  is  rather 
tedious.  The  equation  of  the  curve,  referred  to  the  axes  A'  Y,  is  too  com- 
plex for  convenient  use,  but  a  double  transformation  of  co-ordinates  is 
practicable.  Taking  the  origin  for  A  A",  A  l^at  0,  and  taking  the 
origin  for  the  co-ordinates  A  F  of  the  parabola  at  its  vertex  V,  and 
letting  «,  b  represent  the  distance  between  origins  measured  on  A  Y,  and 
oc  the  inclination  of  the  axis  to  A"  as  given  above,  then  for  any  value 
A  y  corres{)()udiug  to  the  ])oint  }f  on  the  curve  between  0  and  F  we 
have 

(6 — A  F)  =  y  CO-,  oc  —  .(•  sin.  x 


But  for  the  jiarabola  x  =  -— 
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.-.     y  =p  cot.  oc  -xIp''  ^01.  ^oc  -  ^P^^-  ^Jl.  (3) 

^  ^  \  SUl.  oc 

from  which  value  we  find  that  of    x  =    ,y~      and  finally 

A  X:^  a  —  (x  cos.  (X    +  3/  sin.  cc  )  (4) 

The  same  formulas  apply  to  any  point  M  on  the  curve  above  0  or 
below  V,  with  suitable  change  of  signs.  Having  calculated  a  series  of 
values  of  A  Xwe  have  only  to  add  them  to  R,  (or  subtract  for  points 
above  0)  to  obtain  the  values  of  A'  referred  to  the  origin  C,  since  the 
ordinate  A  A'  =  A' — B.  By  this  method  all  tabulated  values  of  A'given 
below  have  been  calculated.  The  parabola  below  0  represents  compres- 
sion (Fless  than  R)  and  above  0  extension  (F  greater  than  R).  It 
applies  to  all  circular  rings  of  whatever  section  or  diameter.  Its  deter, 
mination,  as  we  have  seen,  is  a  purely  geometrical  problem,  being  inde- 
pendent of  the  amount  of  force  or  load  required  to  produce  distortion  in 
the  ring.  Its  form  is  always  the  same.  If  drawn  to  scale  for  a  ring  of 
unity,  its  ordinates  A  A'  A  F  multiplied  by  the  radius  of  another  ring 
will  give  the  amount  of  distortion  for  the  latter. 

To  investigate  the  law  governing  the  loads  required  to  produce  a 
given  series  of  depressions,  reference  was  had  to  the  experiments  made 
upon  the  20-inch  ring.  Drawing  a  vertical  line  OA,  10  inches  long  to 
represent  the  radius,  and  dividing  each  inch  into  eighths,  horizontal  lines 
were  drawn  through  the  points  of  division,  on  which  were  laid  ofi^  to  a 
scale  often  pounds  to  an  inch,  the  actual  loads  deduced  by  experiment. 
A  line  drawn  through  the  extremities  of  these  ordinates  approximated 
a  curve,  the  character  of  which  was  not  obvious  at  first,  owing  to  the  per- 
manent set  that  occurred  in  the  ring  as  the  load  increased. 

To  find  the  tangent  to  the  force- curve  at  0,  where  the  load  P  equals 
zero,  we  quote  again  from  the  Cornell  paper  the  e<iuation  giving  the 
relation  between  the  load  and  depression  while  the  ring  remains  circu- 
lar, viz: 

^.       -2—8     PR^ 

If  in  this,  we  replace  Pby  ZsP  to  represent  the  load  producing  the 
first  indefinitely  small  depression  A  F,  and  then  multiply  /\PhyS. 
(=10)  to  reduce  inches  to  pounds,  we  have  : 

^  EI       '      8- 

Now  dividing  by  A  F,  and  letting  u  =  the  inclination  of  the  tan- 
gent line  to  the  vertical : 
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AP  8r  EI  ... 

tan..  =  ^^,=  -,--g.^  (5) 

An  examinatiou  of  the  form  of  the  hoop  as  traced  at  certain  stages 
of  the  experiment  showed  that  at  one  stage  of  depression  the  top  of  the 
hoop  becomes  perfectly  flat,  although  loaded  at  a  single  point,  and  this 
was  found  to  occur  exactly  at  the  level  of  T",  the  vertex  of  the  parabola. 
With  any  increase  of  load  after  this,  the  curvature  is  reversed  in  the  top 
of  the  hoop,  and  when  the  hoop  is  entirely  collapsed,  or  Y=  o,  the  radius 
of  curvature  appears  to  be  just  one-half  of  the  original  radius  R. 

Now  it  is  a  well-known  principle  of  mechanics,  that  if  an  elastic 
straight  bar  be  bent  into  a  circular  form  and  the  ends  united,  the  ring 
will  be,  theoretically,  a  perfect  circle,  and  a  moment  of  resistance  will 
be  developed  in  every  section  of  the  material  tending  to  restore  the  ring 
to  a  straight  line  the  instant  that  the  ends  are  released.     This  uniform 

moment   is  expressed  by  —  -,  or  the  product  of  the  modulus  of  elas- 

ticity  into  moment  of  inertia  of  the  cross-section  divided  by  the  mean 
radius  of  the  ring. 

Conversely ;  if  an  elastic  ring,  normally  circular,  be  so  compressed 
as  to  reduce  a  portion  of  it  to  a  .straight  line,  the  moment  of  resistance 

EI 

developed  in  that  portion  will  be  ^-  as  before.     And  if  the   pressure 

si 

be  increased  until  the  radius  of  reversed  curvature  becomes  equal  to  the 

original  radius  the    moment  of  resistance  of  the  section  will   then  be 

F'T 
2  -==-.     If  by  further  pressure  the  reversed  radius  be  reduced  to  one- 

FT 

half  the  orisinal  radius  the  resultius:  moment  will  be  increased  to  3^--; 

and  so  on. 

If  then  Mb  represents  the  variable  moment  at  the  section  B, 

For  level  of  J5     A  I"  =  0  Mb  =  0  Bb  ^  B 

EI 

V    A  r  =  .270997472,  Mb  =    rr  Bb  =  oc 

li 

FT 
f      Ar=.?  3/,?  =  2^^  Bb  =  —  B 

SI 

FT 
C    Ar=i?  Mb  =  S~^  B    =  —  2B 

SI 

and  in  general  Mb  =  {^  —  n"  I  jj  (^) 

in  which  Bb  =  the  variable  radius  of  the  hoop  at  the  point  of  applica- 
tion of  load. 
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We  thus  know  the  value  of  tlie  moment  Mb  for  three  positions  of 
the  point  of  application  of  force,  and  if  we  knew  the  lever  arm  in  each 
case  we  could  calculate  the  foi'ce  exerted. 

Now  the  Cornell  paper  demonstrates  that  for  a  rio-id  circle  the 
sum  of  the  two  principal  moments  (at  A  and  B)  is 

tr  ,         iir  PR 

Mj,  +  ]\h  =  ^ 

As  the  flexures  at  A  and  B  are  contrary,  there  must  be,  on  the  quadrant 
between  them,  a  point  of  no  flexure,  and  consequently  of  no  moment, 

2 

This  point  is  proved  to  be  at  D,  the  horizontal  ordinate  of  which  is  _R. 

2 
The  point  D  is  the  center  of  moments  for  the  circular  ring,  and  _  R 

is  the  lever  ai-m  for  the  moment  at  B.     Therefore,  for  the  circle, 

PR    2       PR  ^ 

r-  (7) 

A  careful  study  of  the  several  shapes  of  the  ring,  traced  at  succes- 
sive stages  of  compression,  served  to  locate  with  considerable  accuracy 
the  point  in  each  case  where  the  radius  of  curvature  was  equal  to  the 
original  radius  R.  These  points  taken  together  gave  a  fjxirly  regular 
curve,  and  an  average  curve  drawn  among  them  was  taken  to  be  the 
curve  of  no  moment,  or  the  locus  of  the  center  of  moments  for  all  stages 
of  compression.     See  H  D  F,  Fig.  ] . 

It  was  then  discovered  that  the  horizontal  ordinate  to  the  intersec- 
tion of  the  locus  with  the  compressed  ring  bore  a  constant  ratio  to  the 
value  of  A' for  the  same  stage  of  compression  (A' being  the  horizontal 
semi-diameter)  ;  and  that  this  ratio  is  identical  with  the  ratio  established 
by  theory  for  the  lever  arm  in  the  circle.  Calling  the  two  lever  arms 
at  any  stage  A'^  and  A'^,  respectively, 

a:,  +  Xb  =  X 

X,  =  2^1  and  A,  =  X  (l  -  ^)  (8) 

Consequently 


..         P    2X      PX  ,^        PX4      PX 


The  discovery  of  the  permanence  of  this  ratio  is  probably  the  most 
important  one  in  the  whole  investigation.  We  have  now  only  to  resolve 
the  last  formula  to  obtain 


Mb^  (W 


10 
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Giving  to  3/^  aud  A"  the  particular  values  found  for  them  for  the  level 
of  the  vertex  V,  we  obtain  the  corresponding  value  of  P;  similarly  we 
find  the  value  of  P  for  the  state  of  collapse,  and  plotting  these  two 
values  to  scale  we  have  two  definite  points,  IF  and  J,  on  the  force-curve 
(Fig.  2),  besides  the  point  0,  and  the  direction  of  the  tangent  at  0. 
Drawing  a  curve  through  these  points  and  through  other  points  near  0 
obtained  by  direct  experiment,  it  became  evident  that  the  force-curve  is 
an  hyperbola.  It  was  also  evident  that  the  vertex  lay  a  short  distance 
above  the  level  of  B,  and  that  the  axis  through  the  vertex  passes  not 
far  from  the  center  C  of  the  circle.     The  three  known  points  of  the 
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hyperbola  are  therefore  all  on  one  side  of  the  axis,  and  the  hyperbola 
beyond  the  vertex  is  given  only  approximately  by  experiment. 

But  if  we  consider  the  moments  induced  in  the  section  A,  we  see 
that  no  amount  of  vertical  tension  applied  at  B  can  do  more  than 
straighten  the  ring  at  A  ;  consequently  the  moment  M,i  can  never  exceed 

.    .    EI 

the  limit    d  ;  and  this  limit  is  only  reached  when  the  ring  is  drawn 

out  to  a  straight  line,  and  X  is  reduced  to  zero.  At  the  same  time  the 
moment  Mb  under  tension  increased  indefinitely  by  the  action  of  the 
same  force  that  produces  J/,.  It  is  obvious  that  the  lever  arms  X^  X^ 
cannot  maintain  an  invariable  ratio  on  the  tension  side  as  they  do  on 
the  compression  side,  but  X,i  must  increase  at  the  expense  of  X^  while 
their  sum  is  always  equal  to  the  variable  quantity  X,  the  mean  semi- 
diameter  of  the  link.     The  change  of  ratio  does  not  begin,  however, 
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until  the  level  of  the  vertex  V  of  the  hyperbola  is  reached  and  is  not  per- 
ceptible until  F=  1.10  E.  At  or  near  this  point  the  curve  of  moments 
M^  undergoes  reversion,  and  it  finally  becomes  tangent  to  a  line  parallel 

EI 

to  the  axis  of  Y  at  a  distance  from  it  equal  to   -^  when  1  reaches  its 

maximum  of  c,R. 

This  curve  of  31  a  was  drawn  tentatively  at  first  on  the  tension  side, 


as  also  the  curve  of  P;  and  X^ 


AT 

— -*  determined  for  a  number  of  points. 

Then  A'^  =  (A-A'^)  was  found,  and  finally  31^  =  ^.X^.     The  half  load 

only  is  employed,  because  by  supposition  the  load  P  is  equally  divided 
between  the  two  sides  of  the  ring,  and  we  are  considering  only  one  side. 
After  a  number  of  trials,  a  set  of  curves  for  loads  and  moments  in  ten- 
sion was  arrived  at  that  seemed  to  satisfy  all  conditions  reasonably  well. 

The  force-curve  is  required  in  any  case  to  pass  through  the  given 
points  0,  W,  J,  and  to  have  a  tangent  at  0,  making  the  given  angle  xi 
with  the  axis  of  Y.  Any  change  in  the  assumed  position  of  the  vertex 
F' or  direction  of  axis  F  C  would  make  very  slight  impression  on  the. 
compression  side  of  the  curve  while  making  a  wide  divergence  on  <:he 
tension  side.  Experiments  are  needed  in  the  high  tensions  upon  a  ring, 
of  great  elasticity,  to  fix  definitely  a  few  points  well  out  on  the  tension 
end  of  the  force-curve,  but  in  their  absence  the  present  results  are  offered 
as  fair  approximations  through  the  whole  range,  and  very  close  to  the 
truth  on  the  compression  side,  and  as  far  as  1.10  R  in  tension. 

The  axis  of  the  hyperbola  can  have  but  one  direction  for  a  given 
position  of  the  vertex,  otherwise  the  angle  \i  would  be  altered,  yet  the 
relation  between  them  is  not  easily  expressed.  Having  decided  upon  the 
direction  of  the  axis,  or  the  angle  /5  that  it  makes  with  OY^  the  position 
of  the  vertex  was  found,  after  a  few  trials,  such  as  to  give  w  the  required 
value. 

The  value  of  the  modulus  of  elasticity  of  the  steel  wire  in  the  experi- 
mental ring  was  taken  at. 


and  the  moment  of  inertia 

Hence  EI  ^=. 

EI 

The  constant  _^      —^  is 

.-.  tan.  it  =  tan.  42°  13' 35".U 


E  =  28,666,890 

670.1452 
.06751452 


[7.4573805] 
[5.3720167] 

[2.8293972] 
[8.8293972] 

[1.1284902] 
[979578874} 
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Callina-  the  force  required  to  compress  the  hoop  to  the  level  of  T", 

1\  ■■- 

FT 
P,  =  Mb  y   =^  .      -    =  17.75658  [1.2493594] 

IfP^  is  the  force  required  to  collapse  the  hoop  to  the  level  of  the 
center: — 

P,  =  Mb    ~  =  -^  •    C^   =  46.53673  [1.6677959] 

Ag  si         A  2 

since  A"^!  =  11.945042  and  Xc,  =13.67325  for  the  parabola,  as  we 
have  already  seen.  The  values  of  Pj  and  Po  are  thus  calculated  inde- 
pendent of  experiment  as  soon  as  E  is  determined,  and  since  the  ordi- 
nates  representing  them  are  plotted  to  the  scale  of  -f^,  we  must  take  one- 
teuth  their  value  as  the  ordinates  to  the  hyperbola. 

The  direction  finally  fixed  upon  for  the  axis  of  the  curve  makes  an 
angle  with  the  axis  of  Fof  ,5  =z  37°  15'  on  the  opposite  side  from  the 
angle  «.  The  next  step  is  to  calculate  the  semi-axes,  o  and  6,  of  the 
hyperbola  passing  through  the  three  given  points,  with  the  given  tan- 
gent at  0,  to  locate  the  center  and  vertex,  and  to  find  the  co-ordinates 
Xq  yQ,  Xi  2/i  and  x.2  y^  of  the  three  given  points,  referred  to  the  axis  and 
center  of  the  hyperbola.  Not  to  burden  this  paper  with  these  mathemati- 
cal pyrotechnics,  let  us  assume  this  work  accomplished,  and  we  find  as 
results  : 

[0.1109451]    .To  3.758851  [0.5750551] 

x^  4.841201 

I  x^  8.902030 

For  the  semi-axes: 

a  =  3.036958  [0.5607383]   b  =  4.945402  [0.6942016] 

Note  that  a  is  less  than  b,  showing  that  this  is  what  is  usually  called 
a  conjugate  hyperbola. 

If  we  let  h  and  k  stand  for  the  co-ordinates  of  the  center  referred  to 
the  origin  at  0  and  axes  XY,  then  : 
h  =  1.247527  k-  =  3.773522  [0.5767469] 

With  these  quantities  we  may  construct  the  hyi)erbola  and  scale  off 
the  horizontal  ordinates  at  any  point  above  or  below  0  corresponding  to 
rb  A  Y,  the  ordinate  giving  one-tenth  (±  P)  in  each  case. 

To  calculate  P  for  any  exact  value  of  A  1^  we  resort,  as  in  the  case 
of  the  parobola,  to  a  double  transformation  of  co-ordinates.  Assuming 
A  Y  giving  a  point  M,   on  the  hyperbola,   find  x,  then  y,  and  from 

P 
these  find  ^,.  for  the  same  pomt  M. 


2/o 

1.291056 

2/1 

4344814 

2/2 

11.048329 
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The  formulas  for  this  calculation  for  points  below  0,  or  when  P  is 
positive,  are: 

X  =  —  (A-  +  A  F)  ^  cos.  /5  +  Vjk  +  A  r)2  [^2  C0S.2  fi  +  A] 


in  which 


A 


+  Ab^  sin. 2  yj 
/!>2  sin. 2  (5  —  a-  cos. 2  ^j' 


(11) 
a  constant  ratio, 


y  = 

and 


(k  +  A  F)  —  X  cos.  /S 
sin.  y? 

P 


62 


2/  =  ^/-^    <.T2_a2},  (12) 


I  —  —  h\  ^  y  cos.  /?  —  .r  sin.  y?. 


(13) 


The  same  formulas,  with  suitable  change  of  signs,  apply  to  finding 
P  in  tension,  or  —  P.  By  this  method  all  the  values  of  P  were  obtained, 
as  given  in  the  following  table: 

TABLE  I. — Values  Derived  from  Experimental  Ring. 
R  =  10.        £1=675.1452. 


Y 

Plbs. 

A'  ins. 

3Ia 

Mb 

Ea  ins. 

Rb   ins. 

— 

+ 

— 

— 

+ 

4- 

15 

819.9721 

2.0980 

67.301 

792.85 

3154.6 

.7847 

14 

305.0290 

4.4367 

65.613 

611.04 

354.99 

.9950 

13 

82.0106 

6.2787 

58.667 

198.80 

76.278 

2.5322 

12 

30.8645 

7.7679 

41.188 

78.688 

25.645 

4.6178 

11 

11.1886 

8.9898 

18.275 

32.018 

13.711 

6.7833 

10 
9 

0. 
7.8199 

10. 
10.8372 

0. 
+ 
15.3975 

0. 
+ 
26.975 

10. 
8.1429 

10. 
16.6544 

8 

13.9771 

11.5295 

29.279 

51.296 

6.9721 

41.611 

7 

19.1993 

12.0883 

42.203 

73.935 

6.1535 

105.152 

6 

23.8400 

12.5600 

54.404 

95.313 

5.5377 

24.283 

5 

28.0967 

12.9278 

65.995 

115.622 

5.0647 

14.035 

4 

32.0867 

13.2123 

77.027 

134  947 

4.6710 

10.0125 

3 

35.8845 

13.4223 

87.512 

153.316 

4.3550 

7.8686 

2 

39.5380 

13.5651 

97.447 

170.722 

4.0927 

6.5415 

1 

43.0805 

13.6470 

106.820 

187.141 

3.8728 

5.6435 

0 

46.5367 

13.6733 

115.614 

202.545 

3.6867 

.5 
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The  values  of  the  moments  M^,  M„  are  the  products  of  h  PR  by  the 
respective  lever-arms  A'^4,  X„  which  are  given  iu  Table  II.  Although 
the  bending  at  A  and  B  is  contrary,  one  being  outward  when  the  other 
is  inward,  the  moments  at  ^4  and  B  take  the  same  sign ;  vis.  the  sign  of 
of  P  whether  -j-  or  — ,  since  the  lever-arms  are  considered  positive 
throughout,  and  the  two  moments  conspire  to  resist  or  balance  the  load 
at  any  instant. 

The  last  two  volumes  give  respectively  the  radius  of  curvature  of 
the  bent  hoop  at  the  points  A  and  B.  Under  tension  the  radius  R^  in- 
creases from  10  to  infinity,  while  under  compression  it  is  diminished  to 
3.6867  for  F=  0,  or  A  F=  10.  The  radius  of  curvature  Rb,  on 
the  contrary,  is  decreased  theoretically  to  zero  under  tension  when 
y=  15.708,  but  under  compression  increases  rapidly  to  infinity  when 
y=  7.290026,  and  then,  changing  sign  it  is  reduced  from  —  infinity 
to  —  5,  or  —  z  R,  when  F=  0.  When  Y^  4  the  value  of  Rb  is 
— 10.0125,  or  —  R  very  nearly.  The  formulas  for  obtaining  jR^  and  Rb 
will  be  given  later. 

Since  Table  I  only  contains  values  applicable  to  the  experimental 
ring  it  would  seem  at  first  to  serve  no  purpose  other  than  to  illustrate 
the  subject,  but  as  we  shall  now  see,  we  may  from  this  construct  a  table 
applicable  to  all  cases. 

Taking  any  one  line  of  the  table  and  regarding  the  quantity  in  the 
first  column  merely  as  a  proportional  part  of  radius  R,  we  observe  from 
the  preceding  formulas  that,  when  R  is  constant : 

P  varies  as  EI,  Xh  constant,  and  M^,  Mb  vary  as  EL 

But  if  EI  is  constant  and  R  variable  : 

P  varies  as  j^:,,  A' varies  as  R,  and  J/4,  Mb  vary  as  d- 

Therefore  by  combination  ;  in  general, 

P  varies  as  j,.^,  X  varies  as  R,  and  M^,  Mb  vary  as  ^• 

PR' 

Now  let  Fbe  divided  by  R,  to  get  F  of  Table  II.  Let  K=  .^^'^»  tak- 
ing iiJ  and  EI  horn  the  head  of  Table  I.  Find  A'^,  Xb  from  A"  by 
equation  (8),  first  dividing  A^by  R,  Table  I,  and  place  all  the  results  iu 
Table  II.  These  are  values  corresponding  to  i?  =  1  and  EI^  1  ;  but 
K=^  the  half  load. 

If  then  we  let  ^4,  ^,  be  the  principal  moments  for  i?  =  1  and  EI^  1 

we  have  at  once  yl^=  E^Xa,  and  B  =  KXb.     Or  we  may  obtain  A,  B, 

j> 
by  multiplying  31^,  Mb,  each  by   ,, ,.     Table  I. 
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To  fiud  the  radius  of  curvature  at  B,  we  have  from  equation  (6) 

A^  A  EI 


''•■■  =  i'-  t^s 


whence 


and  when 


R 


""''-  ''--§1 


R  =  1  and  EI=\  R, 


1  —  B 
Similarly  we  may  derive 

'''  =  Ir.  -  ')~R 
whence 

R 

Ra  =  .        RMa 
^    EI 

1 

and  when  R  ^  1  and  EI  =  1,  Ra 


l  +  A' 


In  using  A  and  B  in  these  formulas,  their  algebraic  signs   must  be  re- 
garded. 

We  may  now  prepare  the  following  table,  for  general  use: 
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TABLE  II.— Values  Pertaixixg  to  ax  Elastic  Rixg. 
In  wliich  R  ^  I  and  EI  -^  1. 


Y 

K 

Xa 

Xb 

A 

B 

Ra 

Rb 

— 

— 

— 

+ 

+ 

1.5 

60.726 

.016416 

.19339 

.99683 

11.7435 

315.46 

.078741 

1.4 

22.590 

.043021 

.40065 

.97183 

9.0504 

35.499 

.099498 

1.3 

6.0735 

.143064 

.48481 

.86890 

2.9445 

77.6278 

.25352 

1.2 

2.2857 

.266895 

.50990 

.61006 

1.1655 

2.5645 

.46178 

1.1 

0.82860 

.326672 

.57232 

.27068 

.47423 

1.3711 

.67833 

1. 

0. 

.363380 

.636620 

.0 

.0 

1. 

1. 

+ 

+ 

+ 

+ 

+ 

.9 

0.57913 

.393802 

.689917 

.22806 

.39955 

.81429 

1.66541 

.8 

1.01312 

.41896 

.73399 

.43367 

.75977 

.69751 

4.1611 

.7 

1.42185 

.43963 

.77020 

.62509 

1.0951 

.61535 

10^5152 

.6 

1.76.554 

.45641 

.79959 

.80580 

1.4118 

.55377 

2.4283 

.5 

2.08079 

.46977 

.82301 

.97748 

1.7125 

.50647 

1.4035 

.4 

2.37628 

.48011 

.84112 

1.14088 

19987 

.46710 

1.00125 

.3 

2.65755 

.48774 

.85449 

1.29620 

2.2709 

.43550 

.78686 

.2 

2.92817 

.49293 

.86358 

1.44334 

2.5257 

.40927 

.65415 

.1 

3.19046 

.49590 

.86880 

1.58216 

2.7718 

..38728 

.56438 

0.0 

3.44642 

.49687  , 

.87045 

1.71242 

3. 

.36867 

.5 

A'ir 

1  lbs.  A  ar 

id  B  in  Ibh 

.-inches. 

The  others 

iu  inches. 

In  order  to  apply  Table  II  to  any  elastic  ring  of  radius  R,  and  elastic 
reaction  EI,  we  have  only  to  observe  the  following  rules : — 

2EI 


To  find  the  total  load,  P=K 


R' 


table  by 


To  find  the  lower  arms  A'^  A'^,  multiply  the  tabular  numbers  by  R. 
To  find  the  semi-diameter  A',  add  together  the  lower  arms  just  found. 
To  find  the  principal  moments  il/i  Mb,  multiply  A  and  B  of  the 
EI 


R 


To  find  the  radius  of  curvature  at  ..-I  or  B,  multiply  Rx  or  Rb  (Table 
II)  by  R. 
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We  are  thus  able  to  solve  the  problem  of  the  elastic  ring  through 
the  whole  range  of  distortion,  or  as  far  as  the  elastic  limit  of  the  material 
will  permit.  Interpolated  values  may  be  used  if  necessary,  in  which 
case  the  second  order  of  differences  should  be  employed  to  secure  accurate 
results. 

TABLE  III. — Values  Pertaining  to  an  El.\stic  Ring. 
In  which  B  =  1,  and  EI=  1. 


AY 

K 

az 

A 

B 

Ra 

Rb 

+ 

— 

— 

— 

— 

+ 

+ 

.10 

.82860 

.10102 

.27068 

.47422 

1.37114 

.67833 

.09 

.72752 

.09004 

.24056 

.42145 

1.31677 

.70351 

.08 

.63150 

.07927 

.21129 

.37016 

1.26789 

.72984 

.07 

.54009 

.06869 

.18278 

.32021 

1.22365 

.75745 

.06 

.45288 

.05832 

.15497 

.27150 

1.18339 

.78647 

.05 

.36950 

.04814 

.12781 

.22391 

1.14654 

.81705 

.04 

.28964 

.03814 

.10124 

.17736 

1.11264 

.84936 

.03 

.21301 

.02834 

.07521 

.13176 

1.08133 

.88358 

.02 

.13934 

.01871 

.04969 

.08705 

1.05228 

.91992 

.01 

.06841 

.00927 

.02463 

.04315 

1.02525 

.95864 

.00 

.0 

.0 

.0 

.0 

1. 

1. 

— 

+ 

+ 

+ 

+ 

+ 

+ 

.01 

.06607 

,00910 

.02423 

.04244 

.97635 

1.04433 

.02 

.12998 

.01803 

.04808 

.08424 

.95412 

1.09199 

.03 

.19187 

.02679 

.07159 

.12542 

.93319 

1.14341 

.04 

.25190 

.03539 

.09477 

.16604 

.91343 

1.19909 

.05 

.31017 

.04383 

.11765 

.20612 

.89473 

1.25963 

.06 

.36682 

.05211 

.14024 

.24569 

.87701 

1.32572 

.07 

.42195 

.06024 

.16256 

.28480 

.86017 

1.39821 

.08 

.47564 

.06821 

.18463 

.32346 

.84415 

1.47811 

.09 

.52801 

.07604 

.20646 

.36170 

.82887 

1.56667 

.10 

.57913 

.08372 

.22806 

.39955 

.81429 

1.66541 

K  in  lbs.     A  and  B  in  lbs. -inches.     The  others  in  inches 
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As  most  cases  requiring  solution  will  be  concerned  with  a  distortion 

A  F  not  exceeding  ±  ^n  >  "^^^^^   H-'-   ^^^^  been    prepared  within  these 

limits. 

To  find  the  limiting  load,  the  maximum  fibre-stress  must  be  consid- 
ered. If  this  be  represented  by^;  and  the  half  thickness  of  the  ring  or 
pipe  by  e,  since 

Mj,  =  "^-  =  B^^- 
e  R 

p 

At  A  we  have  also  the  unit-stress  of  the  half-load  —  divided  bv  the 

^  * 

area,  but  this  is  relatively  quite  small.  Since  the  ratio  of  J5  to  J.  or  jjb  to 
Pj  is  never  less  than  7  :  4,  and  in  high  tension,  much  greater,  ps  is  greater 
than  the  sum  of  the  unit  stresses  at  A.  There  is  neither  thrust  nor  ten- 
sion at  B,  but  there  is  a  shear,  equal  to  half  the  load,  near  the  point  of 
application. 

If  we  assume  a  limit  for  })  we  first  find  B  by 

and  opposite  value  of  B  in  the  table  we  find  the  other  values  required 
Thus  taking  the  limiting  value  of  the  half  load  K  for  unity,  we  multiply 

2ET 

it  by^  J- —  to  obtain  the  limiting  value  of  P. 

The  hoop  is  assumed  to  preserve  an  invariable  length  under  stress. 
It  does  so,  sensibly  in  compression,  and  in  moderate  tension ;  but  when 
pulled  out  into  a  flat  link  it  will  generally  stretch  so  as  to  give  results 
somewhat  at  variance  with  the  theory  of  the  elastic  ring. 

Unless  the  material  is  of  uniform  section  and  elasticity  throughout 
it  will  yield  most  at  the  weakest  point,  thus  disturbing  the  ratios  of  dis- 
tortion, aX  and  A  Y.  Hence  in  any  experiment  both  principal  di- 
ameters should  be  measured  and  compared. 

We  may  now  look  at  an  application.  A  steel  pipe  of  8  feet  4  inches 
mean  diameter,  made  of  y%  inch  plate,  lying  horizontally  and  free.  What 
load  per  lineal  foot  may  be  placed  upon  it  so  that  it  shall  be  depressed 
not  more  than  one-tenth  of  its  diameter  ? 
E  =  29,000,000.  log.  7.46240 

In  one  foot  of  length  /=:  ^^^  =  (^q  )'  "    7.819C0 

Radius  iJ     50  "    1.69897 

^  "    3.58243 
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AY=.10,B    .39955 


32 


AF: 


Ee 
B 

2EI 
B^ 

.10,  K    .57913 


29,000,000 
50 


1527.6 


21726. 


log.  9.60157 
3.18400 

4.73540 
4.33697 
2.18449 


9.76277 
88.565  "    1.94726 

Therefore  the  load  per  lineal  foot  must  not  exceed  88.5  pounds,  and 
this  will  cause  a  maximum  fibre-stress  (at  B)  of  21,726  pounds  per  square 
inch.  Of  course,  if  the  pipe  has  side  support,  as  of  earth  in  a  trench,  or 
if  the  load  were  distributed,  the  load  might  be  greatly  increased  with 
safety. 


Bradley  ^  Poatea,  Lngr  s  ^  F. 
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THE  C0XTI:N^U0US  rail  IX  STREET  RAILAVAX 
PRACTICE. 


By  Eichard  McCulloch,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  October  2, 1895.*] 

In  one  of  Jules  Verne's  stories  there  is  very  happily  described  the 
rivalry  between  an  armor  maker  and  a  cannon  manufacturer.  Mix, 
forge,  temper  and  chill  as  he  would,  no  sooner  would  the  armor  maker 
turn  out  a  piece  of  steel  which  was  an  absolutely  safe  covering  for  a  war 
ship,  than  the  cannon  maker  would  produce  a  gun  to  shoot  through  it. 
Much  the  same  condition  of  affairs  might  be  supposed  to  exist  between 
the  rail-mill  and  the  car-factory. 

In  the  horse-car  days,  flat  tram-rail,  laid  on  stringers,  was  used 
almost  entirely,  and  when  the  girder-rail  was  rolled  it  was  supposed  that 
all  that  could  be  desired  in  the  way  of  track  had  been  produced.  But 
when  electric  cars  were  put  on  the  horse-car  tracks  and  when  the  length 
of  these  cars  was  increased  from  eighteen  to  thirty-five  feet,  the  weights 
from  five  thousand  to  twenty-four  thousand  pounds,  the  speeds  from 
eight  to  twenty  miles  per  hour,  and  the  headway  decreased  from  five 
minutes  to  less  than  one  minute,  the  rail  manufacturer  found  himself  a 
thorough  sympathizer  with  Jules  Verne's  armor-plate  maker.  For  every 
inch  that  he  added  to  the  depth  of  his  girder-rail,  and  for  every  im- 
provement in  its  manufacture,  an  additional  length  was  added  to  the  car 
and  an  additional  weight  to  the  trucks  and  motors. 

*  Manuscript  received  October  25, 1895. — Secretary,  Assn  Eng.  Socs. 
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The  life  of  a  girder-rail  is  supposed  to  continue  until  the  head  be- 
comes so  worn  that  the  flanges  of  the  wheels  begin  to  run  on  the  tread. 
But  as  a  matter  of  fact,  few  street  railway  tracks  Inst  until  this  takes 
place,  for  long  before  the  head  is  worn  off,  the  joints  have  become  so 
rough  that  the  rail  must  be  renewed  to  save  wear  and  tear  on  passengers 
and  cars.  No  matter  how  carefully  and  skillfully  the  track  has  been 
laid,  sooner  or  later  the  inevitable  bump  begins  to  notify  the  unhappy 
manager  that  his  track  is  composed  chiefly  of  joints.  What  to  do  is 
then  a  question.  He  may  at  quite  an  expense  put  a  gang  of  men  to 
work  tightening  up  the  fish-plates,  shimming  up  the  joints,  putting 
stringers  aud  steel  plates  underneath  the  rail  ends,  etc.,  but  all  this  is 
necessarily  slow  and  expensive  work.  Worst  of  all,  it  aflTords  only  tem- 
porary relief,  for  the  very  bump  by  which  the  joint  first  notified  the 
world  at  large  of  its  vitality,  has  flattened  the  ends  of  the  rails  so  that 
the  track  is  never  again  perfectly  smooth  at  that  point.  This  rough- 
ness soon  starts  the  hammering  action  of  the  wheels  and  in  a  short 
time  the  joints  again  assert  their  presence.  The  Science  of  Invention 
has  not  been  laggard  in  this  problem,  for  the  records  of  the  Patent 
Office  will  show  that  not  even  the  flying-machine  or  streetcar  fender 
has  been  a  more  popular  subject  than  the  invention  of  perfect  joints. 

Exactly  who  was  the  first  man  bold  enough  to  suggest  having  no 
joints  at  all  is  hard  to  say,  but  it  is  pretty  certain  that  the  first  ex- 
perimenting in  this  line  was  done  by  Mr.  Philip  Noonau,  a  railroad 
engineer  of  Lynchburg,  Va.,  who  several  years  ago  built  about  three 
miles  of  steam-railroad  track  leaving  no  openings  between  the  rails  and 
fastening  the  joints  with  hot-riveted  plates.  This  track  was  in  actual 
use  for  several  years  and  was  the  first  demonstration  of  the  continuous 
rail.  Early  in  1892,  the  Johnson  Company,  of  Johnstown,  Pa.,  under 
the  leadership  of  its  president,  JNIr.  A.  J.  Moxham,  began  experimenting 
with  the  continuous  rail.  One  rail  of  a  section  of  track  1,160  feet  long, 
was  joined  by  heavy  bars  and  machine  fitted  bolts  so  that  there  was  no 
possibility  of  movement.  Carefully  fitted  wedges  were  driven  into  the 
spaces  between  the  ends  of  the  rails,  and  every  precaution  taken  to  have 
the  joint  absolutely  immovable.  The  other  rail  of  the  same  track  was 
laid  in  the  ordinary  manner  with  fish-plates  and  openings  between  the 
rails,  so  that  any  deviation  of  the  continuous  rail  from  a  straight  line 
would  be  noticed  in  the  change  of  gauge.  The  rail  used  was  the  John- 
son 6-inch,  78-pound  girder,  and  the  track  was  in  actual  use  during  the 
time  of  experimenting.  At  five  points  along  the  line,  stakes  were  set 
opposite  marks  on  the  rails  so  that  any  change  in  the  length  of  rail 
would  at  once  be  noticeable.  Three  times  during  the  day  and  three 
times  during  the  night,  from  March  to  September  of  1892,  temperature 
readings  were  taken  of  the  following:  air  in  the  shade;  road-bed  at  a 
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depth  of  seven  inches  ;  road-bed  at  a  depth  often  inches  ;  head  of  girder- 
rail  and  base  of  girder  rail.  Observations  were  also  made  at  regular 
intervals  of  the  position  of  the  marks  on  the  rails  with  reference  to  the 
stakes.  Briefly  summing  up  the  result  of  the  experiment,  we  may  say 
that  the  temperature  of  the  rail  followed  very  closely  the  temperature 
of  the  air,  being  slightly  colder  than  the  air  during  the  day  and  slightly 
warmer  during  the  night.  The  road-bed,  being  a  poorer  conductor  of 
heat  than  the  rail,  was  less  afiected  by  the  changes  of  temperature  of 
the  air.  During  the  period  of  experiment,  the  air  temperature  varied 
from  10  to  89  degrees,  and  absolutely  no  movement  could  be  detected 
in  the  rails,  either  longitudinally  or  laterally.  This  experiment  satis- 
fied the  Johnson  Company  that  the  continuous  rail  was  practicable ;  and 
having  proved  its  feasibility  they  at  once  set  about  finding  the  best 
method  of  uniting  the  rail  ends.  This  was  the  first  thorough  and  scien- 
tific experimenting  done  in  connection  with  continuous  rails ;  and, 
whether  or  not  the  ])articular  method  of  connecting  the  rail  ends  advo- 
cated by  the  Johnson  Company  is  the  best  one,  all  honor  is  due  the  offi- 
cers of  this  company  for  the  contribution  they  have  made  to  the 
knowledge  on  the  subject  and  the  unselfish  manner  in  which  they  have 
disseminated  it. 

ELECTRIC  WELDIXG. 

The  method  adopted  by  this  company  for  connecting  the  rail  ends 
was  that  of  welding  them  electrically.  A  machine  for  this  purpose  was 
built  by  the  Thomson  Welding  Company,  and  in  the  spring  and  summer 
of  1893  about  three  miles  in  Johnstown  and  about  eight  miles  of  track 
in  Boston  were  electrically  welded.  During  the  winter  of  1893-94  about 
six  per  cent,  of  these  joints  broke.  Having  remedied  some  apparent 
defects  in  the  method,  the  Johnson  Company  in  the  spring  of  1894  sent 
their  machine  to  St.  Louis,  where  six  and  a  half  miles  of  track  were 
electrically  welded.  From  St.  Louis  the  machine  was  sent  to  Cleveland, 
where  about  five  miles  were  welded,  and  then  to  Brooklyn,  where  thirty- 
two  miles  of  track  were  joined  together  by  this  method. 

The  first  track  electrically  welded,  that  in  Johnstown  and  Boston, 
was  not  welded  directly  at  the  joint,  but  the  rail  ends  were  joined  on 
each  side  by  means  of  a  span  which  was  welded  to  the  web  of  the  rail 
about  four  inches  back  of  the  end.  The  breaks  did  not  occur  at  the 
joint  or  in  the  spau,  but  the  rail  itself  broke  where  the  span  had  been 
welded  on.  This  was  supposed  to  be  due  to  the  fact  that  when  the  rail 
at  this  point  cooled  after  the  welding  process,  internal  strains  were  pro- 
duced which  seriously  impaired  the  tensile  strength  of  the  rail  at  this 
point.  A  new  form  of  joint  was  devised  by  means  of  which  an  actual 
butt  weld  is  made  at  the  joint,  and  this  is  the  method  which  has  been 
applied  in  St.  Louis. 


144 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


The  Baden  Division  of  the  St.  Louis  Railroad  Co.,  where  the  elec- 
tric welding  in  this  city  was  done,  consists  of  three  and  one-quarter 
miles  of  double  track  and  extends  from  the  northern  end  of  the  Broad- 
way cable  to  the  vine-clad  hills  of  Baden,  in  the  extreme  northern  part 
of  the  city.  The  track  throughout  is  laid  in  a  macadam  street,  no  paving 
being  used  either  inside  or  outside  the  rail. 

TioHey  AVire. 


Orouiid. 

Fig.  1. — Diagram  of  Welding  Circuit. 


A  Automatic  Circuit  Breaker. 
B  Switch. 
C  Ammeter. 
DD  Brushes. 
E  Commutator. 


FF  Collector  Rings. 
G  Break  Switch. 
H  Reaction  Coil. 
/  Welding  Machine. 
A' A'  Lugs  for  Welding. 


A  brief  description  of  the  welding  apparatus  will  be  given  This 
is  mounted  on  a  car  having  its  own  motors  and  controlling  apparatus, 
gO  that  it  may  move  along  the  track  by  means  of  the  trolley  current. 
For  the  welding,  the  current  passes  through  an  automatic  circuit 
breaker,  switch,  ammeter  and  starting  rheostat  to  a  rotary  transformer 
which  converts  from  500  volt  continuous  to  alternating  current.  The 
transformer  is  an  ordinary  four-pole.  General  Electric,  100  kilowatt- 
dynamo.  To  obtain  the  alternating  current  four  leads  from  the  wind- 
ings are  taken  off  at  equal  distances  around  the  armature  and  led  to  the 
two  collector  rings  on  the  armature  shaft.  The  speed  of  the  transformer 
is  about  1,100  revolutions  per  minute,  so  that  the  periodicity  of  the 
alternating  current  is  about  4,400  per  minute.  The  alternating  current 
from  the  collector  rings  passes  through  a  reaction  coil  with  a  movable 
iron  core  to  the  welding  machine.  This  is  on  the  end  of  the  car  and  is 
hung  on  a  crane  so  that  it  may  be  set  over  either  rail.  It  works  on  the 
principle  of  the  w^ell-known  Thomson  welders,  and  is  simply  an  alter- 
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nating  current  transformer  on  a  large  scale,  in  which  the  rail  joint  com- 
pletes the  secondary  circuit.  The  insulation  of  the  coils  is  paraffine  oil 
and  the  secondary  consists  of  an  enormous  bundle  of  sheet  copper  strips. 
These  strips  lead  to  two  contact  plates  between  which  the  welding  is 
done.  The  distance  between  the  plates  is  controlled  by  a  toggle  joint 
operated  by  a  screw,  so  arranged  that  by  a  slight  turn  of  the  screw  a 
great  pressure  may  be  brought  to  bear  on  the  weld.  In  addition  to  this 
circuit,  the  welding  car  contains  a  motor  for  driving  the  crane  and  an- 
other which  operates  a  pump  for  circulating  water  in  the  welding 
machine.  The  car  is  very  heavy,  weighing  about  thirty  tons  when 
equipped  for  work.  The  outfit  also  includes  a  small  car  which  carries 
two  motors  operating  emery  wheels  for  polishing  the  joints,  preparatory 
to  welding. 


Ftg.  2.— Lugs  Welded  to  the  Rails. 
Nos.  1  and  2  welded  at  first  lieat.  Nos.  3  and  4  welded  at  second  heat. 

The  connection  between  the  rail  ends  is  made  by  lugs  welded  to 
the  web  of  the  rail.  It  is  intended  that  enough  plastic  steel  shall  enter 
the  joint  to  make  a  butt-weld,  aud  that  additional  security  is  afforded 
by  the  lugs  welded  to  the  web.  There  are  four  lugs  used  at  each  joint 
and  two  welds  are  necessary,  the  bottom  two  being  welded  in  one  opera- 
tion and  the  upper  tw^o  in  the  next.  During  the  welding  operation, 
which  lasts  from  one  to  two  minutes,  the  direct  current  transformer 
takes  from  the  line  about  250  amperes  at  500  volts.  This  is  transformed 
down  in  the  secondary  of  the  welding  machine  to  about  four  volts. 
The  current  which  passes  through  the  lugs  on  the  rails  is  consequently 
20,000  to  30,000  amperes. 

The  operation  of  welding  is  as  follows :  The  ends  of  the  rails  are 
butted  together  by  driving  a  wedge  in  the  joint  ahead,  and  the  welding 
car  is  run  over  the  joint  to  be  welded,  the  welding  taking  place  in  the 
rear  of  the  car,  so  that  it  is  never  necessary  to-  run  over  a  hot  joint. 
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The  webs  of  the  rails  are  polished  with  emery  wheels  for  about  two 
inches  to  each  side  of  their  ends.  The  joint  is  clamped  by  means  of  a 
gun-metal  casting,  which  holds  the  rails  in  proper  position  while  the 
weld  is  being  made,  and  the  bottom  lugs  are  then  placed  in  position  and 


Fig.  3. 


the  contact  clamps  screwed  down  upon  them.  The  circuit  through  the 
secondary  winding  of  the  welder  being  thus  completed  through  the  lugs, 
the  switch  of  the  welding  machine  is  closed  and  the  iron  core  of  the 
reaction    coil   slowly    raised.     Almost    instantly  a    dark,   ruddy  color 
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appears  in  the  lugs  which  gradually  brighteus  until  the  welding  heat  is 
reached.  A  quick  turn  of  the  screw  which  operates  the  toggle-joint 
brings  the  lugs  firmly  up  against  the  rail  and  forces  the  plastic  steel  into 
the  joint  between  the  ends  of  the  rails.     The  upper  lugs  are  quickly 


Fig.  4. 


inserted,  the  contacts  screwed  down  upon  them  and  the  welding  per- 
formed in  the  same  manner  as  in  the  case  of  the  lower  ones.  A.  piece 
of  carbon  which  has  been  placed  on  top  of  the  rail  before  this  opera- 
tion, keeps  this  surface  smooth  and   at  the  same  time   carbonizes  and 
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hardeus  the  rail  at  this  point.  As  has  been  stated,  from  one  to  two 
minutes  are  consumed  in  making  each  weld,  but  the  greater  portion  of 
the  time  is  taken  up  in  preparing  the  joints,  moving  the  machine  and 
setting  up  the  welder.  While  in  St.  Louis,  the  machine  completed 
thirty  to  fifty  joints  per  day  of  ten  hours. 

Since  this  work  has  been  done,  the  Johnson  Company  has  built  two 
more  welding  machines  in  which  some  improvements  have  been  made. 
Instead  of  placing  both  the  rotary  transformer  and  the  welding  machine 
in  one  car,  they  are  now  put  in  separate  cars  connected  electrically  by 
cables.  This  makes  the  machine  easier  to  handle,  and  distributes  the 
weight  over  a  greater  distance  on  the  track.  A  hydraulic  jack  has  also 
been  substituted  for  the  toggle-joint  used  in  forcing  the  lugs  against  the 
rails.  The  electric  Avelding  done  by  the  Johnson  Company  in  Brooklyn, 
after  leaving  St.  Louis,  was  on  nine-inch  rail  laid  in  paved  streets.  The 
track-work  was  entirely  completed  and  paved  up  before  any  welding 
was  done.  When  the  machine  arrived,  the  paving  was  taken  up  where 
necessary  and  the  joints  welded,  leaving  every  third  joint  open.  This 
was  done  in  order  to  allow  the  rails  to  expand  under  the  heat  produced 
in  welding.  At  night  the  welder  was  taken  over  the  same  track  and 
this  third  joint  welded. 

CAST    WELDING. 

As  soon  as  the  fact  was  demonstrated  that  a  continuous  rail  buried 
in  the  ground  was  a  possibility,  other  methods  besides  the  electric  weld- 
ing of  the  joints  Avere  proposed.  The  particular  one  which  will  be 
described  here  is  what  is  known  as  the  "  cast-welding  "  process,  and  is 
being  exploited  by  the  Falk  ^Manufacturing  Co.,  of  Milwaukee.  This, 
to  briefly  describe  it,  consists  of  clasping  the  ends  of  the  rails  for  about 
eight  inches  on  each  side  of  the  joint  by  means  of  a  mold,  and  then 
pouring  the  mold  full  of  molten  iron.  The  iron  solidifies  on  the  rails 
around  the  joints  and  makes  a  partial  union  with  it. 

In  order  to  compare  the  two  methods,  the  St.  Louis  Railroad  Co., 
in  the  fall  of  1894,  had  three  miles  of  track  in  the  southern  part  of  the 
city  connected  by  the  cast-welded  process.  As  the  furnace  was  not 
ready  at  the  time  the  rails  were  laid,  the  track-work  was  finished  and 
the  trench  filled  in,  leaving  the  joints  temporarily  connected  by  fish- 
plates. Some  three  months  later,  when  the  furnace  arrived,  the 
macadam  around  the  joints  was  dug  up,  the  fish-plates  removed  and  the 
rails  united  by  means  of  the  cast-joint.  The  track  was  laid  in  July  and 
August  and  the  rails  were  welded  in  October  and  November.  No  cars 
were  operated  over  this  track  during  the  winter  of  1894-95,  but  at 
present  the  cars  of  the  Southwestern  Railway  are  running  regularly 
over  this  route. 
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On  account  of  the  excellent  record  made  by  this  track  during  last 
winter,  the  officers  of  the  Citizens'  Railway  Co.  of  this  city  decided, 
in  relaying  the  old  cable  track,  to  use  the  cast-welded  joint.  As  many 
new  problems  in  street  railway  track  construction  have  arisen  during 
the  progress  of  this  work,  a  brief  description  of  some  ol  the  methods 
employed  may  not  prove  uninteresting. 

The  Citizens'  Raflway,  as  all  of  you  are  aware,  was  built  as  a  cable 
road  nine  years  ago.  The  original  cable  track  consisted  of  9t  miles  of 
single  track,  and  was  laid  with  4-inch,  52-pound  Johnson  girder-rail, 
which  was  the  heaviest  section  rolled  at  that  time.  The  rail  was  sup- 
ported on  cast-iron  yokes,  4  feet  apart,  and  imbedded  in  concrete.  Last 
fall  it  was  decided  to  operate  the  road  by  electricity,  and  on  the  1st  of 
January  the  cable  power-house  was  shut  down  and  the  electric  cai'S 
started.  The  rail  adopted  for  the  new  track  was  7-inch,  85-pound  John- 
son girder,  to  be  delivered  in  lengths  of  60  feet.  Two  special  trussed 
wagons  with  wheel-bases  of  45  feet  were  designed  and  built  for  the  haul- 
ing of  these  rails.  The  curves  were  made  of  6  inch,  OT-pound  girder 
rail,  and  all  curves  of  less  than  400  feet  radius  were  designed  with  a 
spiral  easement  r)ii  each  end,  and  were  double  guarded.  Curves  of  400 
to  1,200  feet  radius  have  a  guard  rail  on  the  inside  only,  while  those  of 
still  greater  radius  are  sprung  from  the  straight  rails.  As  the  new  rail 
was  three  inches  deeper  than  the  old,  it  was  impossible  to  lay  it  on  the 
old  yokes  even  if  it  had  been  advisable  to  do  so.  The  ties  are  laid  two 
feet  between  centers,  and  in  order  to  make  room  for  them  and  the  7-inch 
rail,  it  was  necessary  to  take  out  about  twelve  inches  of  the  solid  concrete 
in  which  the  yokes  were  imbedded,  as  well  as  to  break  off  the  yokes  at 
this  point.  How  to  do  this  in  the  quickest  and  most  economical  manner 
possible  was  a  problem.  As  it  was  necessary  to  abandon  a  portion  of 
the  road  during  construction,  and  as  this  line  has  a  large  passenger 
travel  to  take  care  of,  speed  in  reconstruction  was  of  the  utmost  impor- 
tance. After  quite  a  little  experimenting,  the  plan  of  blasting  out  the 
concrete  with  dynamite  was  adopted.  Two  holes  are  drilled  between 
each  pair  of  yokes  on  each  side  of  the  track  by  means  of  a  portable 
steam  drill.  An  Ingersoll-Sergeant  drill  is  used,  and  the  steam  is  ob- 
tained from  a  tJ-horse-power  boiler  placed  in  a  car  on  the  old  track. 
Connection  is  made  from  the  boiler  to  the  drill  by  means  of  a  steam 
hose.  The  holes  are  drilled  as  nearly  as  possible  directly  over  the  cen- 
ter of  the  block  of  concrete  and  are  seven  inches  deep.  The  drill  is 
operated  from  5  a.m.  to  9  p.m.,  by  two  shifts  of  men.  The  number  of 
holes  drilled  per  day  varies  from  300  to  700,  according  to  the  nature 
of  the  concrete.  Each  hole  is  loaded  with  one  tenth  pound  of  40° 
-3^tna  dynamite.  Common  sand  is  used  for  tamping,  and  from  eight 
to  twelve  holes  are  fired  at  once  by  means  of  a  magneto.     In  order  to 
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preveut  all  danger  from  flying  particles,  an  old  car  especially  prepared 
for  this  purpose  is  placed  over  the  holes  before  shooting.  This  car  has 
been  strongly  braced  and  floored  with  ties,  and  is  provided  with  heavy 
sideboards  which  are  lowered  before  firing,  thus  forming  a  completely 
closed  space  over  the  charge.  Blasting  with  this  outfit  has  been  done 
in  the  narrowest  streets  in  the  heart  of  the  city,  and  up  to  this  date  no 
accident  of  any  kind  has  occurred.  Considerable  experimenting  was 
done  in  order  to  find  out  how  deep  to  drill  the  holes  and  how  much 
dynamite  to  use.  The  (juantity  adopted  will  just  shatter  the  top  of  the 
concrete  so  that  it  may  be  picked  out  in  large  pieces,  leaving  the  con- 
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Crete  unbroken  twelve  inches  below  the  surface,  thus  affording  a  solid 
and  substantial  foundation  for  the  ties.  The  bottom  of  the  conduit  is 
filled  with  fine,  broken  concrete,  washed  in  and  thoroughly  rammed 
before  the  ties  are  laid  in  the  trench.  Having  prepared  the  road-bed  in 
this  manner,  there  remains  beneath  the  ties  a  solid  block  of  unbroken 
concrete  of  the  width  of  the  track  and  over  two  feet  in  thickness. 

After  excavating  the  trench  the  track  is  laid,  joined  together  tem- 
porarily by  fish-plates,  tamped,  lined,  surfaced  and  completely  fin- 
ished  in   every    particular  before  the  joints  are  cast.     The  apparatus 
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for  casting  the  joints  consists  of  a  cupola  furnace  mounted  on  a  heavy 
truck.  The  cupola  is  two  feet  in  diameter,  brick  lined,  and  the 
blast  is  furnished  by  a  No.  5  Sturtevant  blower,  driven  at  1,800  revo- 
lutions per  minute,  by  a  5-horsepower  motor,  which  receives  its  cur- 
rent from  the  trolley.  The  cupola  is  operated  as  is  usual  in  a  foundry, 
and  the  iron  used  is  one-half  best  soft  gray  pig  and  one-half  selected 
scrap.  The  scrap  consists  of  old  gear  wheels,  man-hole  covers  and 
frames,  an  abundance  of  which  are  found  in  the  scrap  heap  of  the 
railway.  The  furnace  works  very  rapidly,  and  in  twenty  minutes 
after  the  blast  is  turned  on  the  iron  is  ready  to  pour.  It  may  then  be 
tapped  as  long  as  the  charging  is  continued  at  the  top.     As  the  machine 


Fig.  6. 

has  been  operated  on  the  Citizens'  Railway  about  1,200  feet  of  the  track 
has  been  prepared,  and  all  the  joints  molded  in  one  heat.  As  many  as 
72  joints  have  been  poured  at  one  melting,  and  it  is  probable  that  90 
or  100  could  be  made  before  shutting  down  the  furnace  to  renew  the 
lining. 

The  preparation  of  the  joint  for  casting  is  as  follows :  The  fish- 
plates are  first  taken  off  and  the  rail-ends  for  about  eight  inches  back 
polished  with  garnet  paper.  If  there  is  any  opening  between  the  rails 
it  is  closed  by  shims.  The  molds,  consisting  of  two  castings  made  to  fit 
the  rail,  are  then  placed   about  the  joint  and  clamped  in  position.     A 
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heavy  clamp  is  placed  on  top  of  the  rail  and  screwed  up  as  tightly  as 
po.-ijiblc,  to  hold  the  joint  immovable  while  being  poured.  This  clarap 
is  left  on  the  rail  until  the  casting  has  cooled.  Preparatory  to  the  pour- 
ing, the  molds  are  lined  with  a  mixture  of  linseed  oil  and  plumbago 
and  heated  to  drive  out  any  moisture  in  them  or  on  the  rail.  The  pour- 
ing operation  is  very  simple.  The  melted  iron  is  run  from  the  cupola 
into  a  ladle  and  then  slowly  poured  into  the  mold.  This  final  opera- 
tion is  very  quickly  performed,  as  it  usually  takes  only  about  three 
hours  to  pour  forty  joints.  The  casting  weighs  187  pounds  and  extends 
back  on  the  rail  seven  inches,  taking  in  two  of  the  bolt  holes  in  the  ends 
of  the  rails.     In  this  wav  four  bolts  are  caht  through  the  rail.     It  is 


Fig.  7. 


undoubtedly  the  case  that  a  sort  of  welding  action  takes  place  between 
the  iron  and  the  steel  rail,  as  on  examination  of  a  joint  sawed  in  two  it 
will  be  difficult  to  tell  the  exact  junction  of  the  iron  and  steel. 


RESULTS    OF    EXPERIMENTS. 

Having  described  the  modes  of  applying  these  two  processes,  let  us 
see  what  they  have  done  in  actual  operation.  The  Baden  Road,  con- 
structed in  the  spring  of  1894,  which  had  its  rail  ends  connected  by  the 
electric  method,  had  in  all  2,203  joints,  and  of  these  72,  or  3.27  per  cent., 
have  broken.  Thirty-seven  broke  during  the  cold  weather  of  the  first 
part  of  the  winter,  and  these  were  repaired  by  the  cast-welding  method. 
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During  a  later  cold  snap  thirty-five  more  were  broken.  These  have 
not  yet  been  repaired.  During  the  heat  of  the  summer  no  trouble  what- 
ever was  experienced  with  alignment  of  the  track.  From  the  Weather 
Bureau  reports  the  average  temperature,  while  the  construction  was  in 
progress,  was  63  degrees,  ranging  from  14  degrees  as  a  minimum  to  99 
degrees  as  a  maximum.  During  the  last  winter  the  lowest  temperature 
was  12  degrees  below  zero  and  the  hottest  day  in  the  summer  was  100 
degrees,  making  the  range  of  temperature  through  which  the  track  has 
passed  112  degrees,  or  a  maximum  deviation  from  the  average  welding 
temperature  of  75  degrees.  Several  of  the  joints  on  breaking  opened 
nearly  two  inches,  but  in  many  the  opening  w'as  so  small  as  barely  to  be 
perceptible,  the  average  opening  being  about  one-quarter  of  an  inch. 
During  the  warm  weather  of  th's  summer  the  openings  were  diminished 
slightly,  but  the  joints  have  never  completely  closed.  Every  joint 
which  has  broken  has  shown  itself  to  be  an  imperfect  weld.  There  has 
never  yet  been  an  instance  of  a  good  weld  breaking.  In  all  cases,  the 
rail-ends  have  simply  pulled  apart,  the  lugs  sticking  to  that  rail  which 
held  them  tightest.  In  a  few  instances  small  pieces  of  rail  pulled  off 
with  the  lugs,  but  in  no  cases  have  the  rails  themselves  broken  and  we 
have  never  had  a  joint  to  break  which  looked  as  if  it  had  ever  been 
really  welded.  There  are  several  reasons  for  this.  On  account  of  the 
great  distance  from  the  power-house,  the  voltage  was  necessarily  low 
while  the  weld  was  being  made.  The  work  at  that  time  was  new  and 
not  very  well  understood,  and  the  workmen  who  had  the  machine  in 
charge  were  often  careless  and  hurried.  The  result  of  this  experiment 
is  far  from  being  discouraging,  and  the  officers  of  the  railroad  company 
are  satisfied  that  with  the  additional  knowledge  we  now  possess,  and 
with  the  improvements  which  have  been  made  in  the  welding  machine, 
by  which  a  fairly  constant  voltage  is  maintained  while  the  welding  is  in 
progress,  that  it  is  possible  to  construct  a  track  by  this  method  w'ith  an 
insignificant  trouble  from  breakage. 

In  regard  to  experiments  elsewhere,  Mr.  C.  W.  Wason,  Electrical 
Engineer  of  the  Cleveland  Electric  Railway  Company,  has  been  kind 
enough  to  furnish  information  as  to  the  results  obtained  in  Cleveland. 
During  the  summer  of  1894,  3,400  joints  were  made  electrically,  two- 
thirds  of  w^iich  were  on  56-pound  rail  and  the  remainder  on  90-pound 
rail.  Of  this  number,  the  total  breakage  during  last  winter  was  six, 
four  of  them  being  on  56-pouud  rail  and  the  remainder  on  90-pound 
rail.  The  percentage  of  breakage  was  0.18  per  cent,  which  is  a  much 
better  record  than  that  made  in  St.  Louis.  All  the  joints  which  broke 
showed  themselves  to  be  imperfectly  welded.  Mr.  Wason  expresses 
himself  as  highly  in  favor  of  the  electric  method  of  welding,  and  states 
that  the  breaks  and  rough  joints  on  his  track  were  due  to  carelessness 
on  the  part  of  the  workmen  operating  the  machine. 
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The  cast-welded  track  of  the  Southwestern  Railway  on  Chippewa 
Street  was  welded  during  the  months  of  October  and  November  of  the 
same  year.  The  average  temperature  while  this  work  was  in  progress 
was  51  degrees,  with  a  maximum  of  84  degrees  and  a  minimum  of  18 
degrees.  There  were  744  joints  in  all,  and  during  the  winter  only  three, 
or  0.43  per  cent.,  broke.  As  stated  in  the  case  of  electric- welded  track, 
no  deviation  whatever  has  been  perceived  in  the  alignment.  Since 
this  track  was  laid,  the  temperature  has  ranged  from  100  degrees  as  a 
maximum  to  12  degrees  below  zero  as  a  minimum,  a  range  of  112 
degrees  and  a  maximum  deviation  of  63  degrees  from  the  welding  tem- 
perature. 

The  Falk  Man uftictu ring  Company,  wlio  are  making  the  cast  joint, 
have  this  summer  operated  in  Chicago,  St.  Paul,  Minneapolis  and 
Newark,  besides  the  work  done  in  St.  Louis.  In  Chicago,  for  the 
Chicago  City  Railway,  11,903  joints  were  made  on  45-  and  7-inch  rail, 
and  for  the  West  Chicago  Street  Railway  Company,  8,867  joints  were 
made.  In  St.  Paul,  Minneapolis  and  Newark,  work  has  recently  begun, 
and  up  to  the  present  time  about  2,000  joints  have  been  made  in  each 
place.  The  results  so  far  have  been  very  satisfactory  both  to  the  rail- 
road companies  and  to  the  contractors. 

It  seems  difficult  to  those  accustomed  to  steam-railroad  tracks  to 
reconcile  themselves  to  the  use  of  a  continuous  rail.  They  instinc- 
tively call  to  mind  certain  experiences  they  have  had  with  rails  creeping 
and  getting  out  of  place  on  account  of  temperature  variations.  It 
must  be  remembered,  however,  that  street  railway  tracks  differ  in  one 
very  important  particular  fi*om  those  of  the  steam  railways,  that  is  in 
having  a  road-bed  firmly  packed  about  the  rail.  The  perimeter  of  a 
7-inch  rail  is  29  inches,  of  which  only  6i,  or  22.4  per  cent.,  is  exposed 
to  the  air,  while  the  remaining  67.6  per  cent,  is  covered  up  and  firmly 
gripped  In'  the  road-bed.  No  one  can  understand  how  firm  this  grip  is, 
who  has  not  seen  a  rail  which  has  lain  in  a  macadam  street  several 
years  taken  up,  when  the  whole  buried  surface  of  the  rail  is  found  to  be 
covered  with  a  hard  cement  composed  of  stones  and  mud,  requiring  con- 
siderable work  with  a  pick  to  remove.  There  is  a  great  tendency  on  the 
part  of  the  rail  to  change  its  length  with  the  temperature  variations, 
but  there  is  also  the  ability  of  the  road-bed  to  hold  it  in  place. 

CALCULATIOX    OF   STRAINS. 

The  strain  on  rails  due  to  the  variations  of  temperature,  may  be 
estimated  as  follows.  Assuming  a  coefficient  of  expansion  for  steel 
of  0.0000065,  and  multiplying  this  by  75,  which  is  a  liberal  figure  for 
the  number  of  degrees  of  maximum  deviation  from  the  welding  tempera- 
ture, we  get  0.000487,  which  is  that  part  of  its  length  which  a  rail 
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would  expand,  due  to  a  rise  of  75  degrees,  or  contract,  due  to  a  fall  of 
75  degrees  in  temperature.  A  steel  bar  will  expand  0.00003  of  its  length, 
due  to  a  load  of  1,000  pounds  per  square  inch.  Dividing  the  estimated 
expansion  by  this  figure,  we  get  for  the  strain,  16,200  pounds  per 
square  inch.  As  the  rail  is  8}  inches  in  cross-section,  the  total  pull,  due 
to  a  fall  of  75  degrees  in  temperature,  is  137,700  pounds. 

As  40,000  pounds  per  square  inch  is  a  safe  value  for  the  elastic 
limit  of  steel,  it  can  readily  be  seen  that,  in  this  climate  at  least,  the 
elastic  limit  will  never  be  reached  ;  and  this  means  that  these  expansions 
and  contractions  may  go  on  indefinitely,  and  as  long  as  the  joints  remain 
unbroken,  no  harm  will  be  done  to  the  rail,  for  it  is  a  well-proven  fact 
that  stresses  within  the  elastic  limit  work  no  harm. 

Assuming  80,000  pounds  per  square  inch  as  the  ultimate  strength 
of  steel,  we  see  that,  so  far  as  the  strength  of  the  rails  themselves  is 
concerned,  we  have  a  factor  of  safety  of  five. 

An  interesting  calculation  may  be  made,  showing  the  friction  with 
which  the  rail  is  held  by  the  road-bed.  Taking  the  figures  for  the  con- 
traction of  the  rail  due  to  a  fall  of  75  degrees  in  temperature,  each 
rail  of  the  Baden  track  should  have  contracted  8  feet  6  inches.  As  a 
matter  of  fact,  when  the  joints  broke,  the  openings  in  none  of  these 
exceeded  2  inches,  and  the  combined  openings  of  one  rail  the  length  of 
the  road  did  not  exceed  6  inches.  This  would  seem  to  show  that  the 
pull  which  broke  the  joint  was  not  a  transmitted,  cumulative  effort, 
extending  all  along  the  line,  but  was  more  the  result  of  a  local  strain, 
not  extending  for  a  great  distance  on  either  side  of  the  joint.  Reason- 
ing from  the  same  data,  it  would  appear  that  the  strain  at  other  points 
along  the  track  has  not  been  relieved,  and  that  the  joints  at  these  other 
places  have  shown  themselves  strong  enough  to  endure  the  pull. 

The  strength  of  the  cast-iron  joint  may  be  shown  to  be  fully  equal 
to  the  strength  of  the  rail.  The  area  of  its  cross-section  at  the  joint  is 
61.6  square  inches.  In  order  to  make  a  perfectly  safe  estimate,  let  us 
assume  that  its  cross-section  is  reduced  25  per  cent.,  or  to  45  square 
inches  by  blow-holes  and  imperfections.  Taking  for  the  tensile  strength 
of  cast-iron  18,000  pounds  per  square  inch,  we  have  as  the  ultimate 
strength  of  the  joint  810,000  pounds,  which  is  largely  in  excess  of  the 
strength  of  the  rail. 

COMPARISON    OF    METHODS. 

The  two  methods  just  described  are  the  only  processes  of  actually 
welding  rails  yet  put  into  operation.  The  electric  welding  is  scientifi- 
cally a  beautiful  process,  and  when  skillfully  done,  we  have  no  hesita- 
tion in  saying  that  the  joint  is  stronger  than  the  rail  itself.  It  has  the 
disadvantage,  however,  of  requiring  considerable  cai'e  and  intelligence 


156  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

to  operate  it,  qualifications  which  are  sometimes  difficult  to  find  in  work- 
men. It  is  also  impossible  to  tell,  simply  by  looking  at  a  joint,  whether 
or  not  it  is  really  welded.  On  ordinary  railway  circuits  when  the  volt- 
age fluctuates  continually,  it  is  difficult  to  operate  the  process  success- 
fully. This,  however,  it  is  proposed  to  remedy  by  using  a  storage  bat- 
tery, which  takes  current  from  the  line  when  the  welding  machine  is 
idle,  but  which  is  thrown  into  parallel  with  the  line,  and  assists  in  main- 
taining the  voltage  while  the  wielding  is  in  progress.  The  welding 
machine,  with  its  accessories,  is  exceedingly  heavy  and  cumbersome, 
and  difficult  to  move  from  place  to  place  where  track  is  not  already 
laid.  The  great  expense  of  an  outfit  prohibits  almost  any  railroad 
company  owning  one,  and  this  complicates  the  question  of  repairs,  for, 
if  the  machine  is  gone  and  some  of  the  joints  break,  how  are  they  to  be 
repaired  ? 

Without  wishing  to  make  any  invidious  comparisons,  it  would  be 
well  to  call  attention  to  some  of  the  advantages  which  the  cast-welding 
process  possesses.  The  first  is  the  relative  simplicity  and  cheapness  of 
the  apparatus  employed,  and  the  ease  with  which  men  may  be  procured 
who  are  used  to  this  kind  of  work  and  capable  of  doing  it  well.  The 
machine  is  not  very  heavy,  it  does  not  run  on  the  track  and  can  be 
transported  easily  and  quickly  from  place  to  place.  While  as  yet  no 
difficulties  have  developed,  the  weak  points  of  the  process  would 
seem  to  be:  first,  that  the  joint  is  a  casting,  subject  to  blowholes, 
chilling,  imperfections  and  all  the  ills  of  a  casting,  any  one  of  which 
might  greatly  impair  its  tensile  strength  ;  and  second,  the  fact  that  the 
steel-rail  and  the  cast-iron  joint  possess  dift'erent  coefficients  of  expan- 
sion, and  that,  under  variations  in  temperature,  internal  strains  might 
arise  in  the  joint  itself,  which  might  finally  result  in  its  rupture.  As 
has  already  been  stated,  however,  no  troubles  of  this  kind  have  as  yet 
developed,  and  these  are  merely  considerations  which  suggest  themselves 
in  the  examination  of  the  process. 

The  cost  of  either  of  these  methods  is  not  greatly  in  excess  of  the 
old  fish-plate  method,  but  even  if  it  was,  the  advantages  gained  by  the 
abolition  of  joints  would  be  of  such  value  that  no  progressive  railroad 
man  would  hesitate  on  that  account.  If  either  method  will  remedy  for 
all  time  trouble  with  joints,  the  cost  of  repairs  to  the  track,  after  being 
down  a  few  years  if  laid  with  fish-plates,  would  soon  pay  the  extra  first 
cost,  without  considering  the  prolonged  life  of  the  rolling  stock  and  the 
prestige  given  to  the  road  on  account  of  its  smooth  riding  track.  If 
joints  are  abolished,  the  life  of  a  track,  instead  of  being  limited  by  the 
life  of  the  joints,  will  be  the  life  of  the  rail  itself,  and  this  will  far  out- 
weigh any  considerations  as  to  the  cost  of  making  the  joints. 

An  additional  advantage  which  should  be  mentioned  is  that  any 
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form  of  weldiDg  obviates  the  necessity  of  boudiug  the  joints  of  electric 
roads.  Tests  which  have  been  made  on  Avelded  joints  show  that  the 
electric  conductivity  of  the  joint  is  as  great  as  that  of  the  rail  itself. 
Assuming  the  conductivity  of  steel  to  be  one-seventh  that  of  copper,  an 
85-pound  steel  rail  would  have  a  carrying  capacity  equal  to  a  copper  bar 
1.2  square  inches  in  section,  or,  as  feed-wire  is  usually  rated,  of  1,500,000 
circular  mils.  A  double  track,  consisting  of  four  of  these  rails,  would 
thus  have  a  conductivity  equal  to  6,000,000  circular  mils.  This  is 
largely  in  excess  of  the  feeder  section  of  any  one  line  of  railway  in  St. 
Louis.  For  instance,  the  combined  section  of  the  feeders  which  run  to 
the  Citizens'  line,  which  was  calculated  for  60  cars,  allowing  a  drop  of 
50  volts  at  full  load,  is  3,200,000  circular  mils.  To  one  who  is  engaged 
in  the  actual  operation  of  street  railways  this  means  a  great  deal.  Given 
a  track  with  a  conductivity  equal  to  that  just  cited,  it  is  necessary  only 
to  establish  a  low  resistance  connection  between  the  rails  and  the  buss- 
bar  in  the  power-house,  when  all  the  troubles  due  to  a  low  voltage 
along  the  line,  and  all  the  dangers  of  electrolysis  would  be  a  thing  of 
the  past. 

It  is  not  to  be  supposed  that  the  millennium  in  track  construction 
has  already  been  reached,  but  what  has  been  demonstrated  is  this :  first, 
that  the  use  of  a  continuous  rail  for  street  railway  practice  is  feasible ; 
and  second,  that  it  is  possible  to  make  joints  of  sufficient  strength  to 
stand  changes  of  temperature.  Whether  new  difficulties  will  develop 
remains  for  the  future  to  show,  but  let  us  hope  that  those  of  us  who 
have  placed  our  faith  in  rail-welding  will  not  share  the  fate  of  Jules 
Verne's  armor-maker,  who  planned,  mixed,  forged  and  tempered  his 
best,  only  to  see  the  triumph  of  his  skill  shot  to  pieces  by  the  latest  gun 
of  his  hated  rival. 
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PLANTS  IX  THE  SIFFOLK  COl  XTV  COURT 

HOUSE  AND  THE  MASSACHUSETTS 

STATE  HOUSE,   IJOSTON. 


By  Percy  N.  Kenwav,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Head  before  the  Society,  September  18,  1895.*] 

These  two  buildings  are  so  nearly  alike  as  regards  size,  exposure 
and  conditions  of  use,  that  a  study  of  their  heating  and  ventilating 
equipments  and  some  of  the  results  obtained,  will,  I  hope,  prove  not 
uninteresting. 

But  while  the  buililings  are  so  nearly  similar,  the  heating  plants 
differ  from  each  other  very  radically  and  at  very  many  points,  both  in 
general  design  and  in  detail;  in  fact,  there  is  hardly  a  single  feature 
which  is  common  to  both. 

In  each  case  the  selected  engineer  was  in  consultation  with  the 
architect  while  the  building  plans  were  being  prepared,  and  his  sugges- 
tions were  followed  wherever  practicable,  though  in  the  case  of  the 
Court  House  some  progress  had  been  made  on  the  foundations  before 
such  consultation,  so  that  the  engineers  were  at  a  disadvantage.  In 
both  buildings  the  uses  to  which  the  different  rooms  were  originally 
assigned  were  in  some  instances  changed,  during  or  after  construction. 

I  will  first  call  your  attention  to  the  ground  plans  of  the  two  build- 
ings which  are  shown  in  outline.  Figs.  1  and  2,  on  the  same  scale, 
and  from  which  you  will  readily  see  that  the  area  covered  by  each 
of  the  buildings  is  somewhat  alike.     The  State  House,  however,  is  actu- 


'3u//'c/A'    Coi/n/ 


/oo  Sire/" 


Fig.  1. 
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ally  the  hirger  of  the  two,  careful  computation  giving  the  figures  in 
Table  I. 

Table  I. 


Cubic  capacity 

Area  covered 

Heating  surface — direct  . 
Heating  surface— indirect 
Total  heating  surface  .    .    . 


Court  House. 


0,500,000  cubic  feet, 
65,300  square  feet, 
35,800 
67,000 
102,800 


Cost  of  building \  $2,700,000 

Cost  of  apparatus !      $122,000 


State  House 
witbout  Bulfinch  Portion. 


6,200,000  cubic  feet. 
67,000  square  feet. 
15,000  " 

9,560  " 

24,560 
$3,000,000 
$112,000* 


=  This  includes  $6,000  for  temporary  apparatus  for  drying  the  building,  and  $4,800  for  air 


filters. 


For  the  purpose  of  this  paper  we  will  leave  out  the  Bulfinch  por- 
tion of  the  State  House,  shown  at  the  extreme  left  of  the  plan.  This 
is  the  original  buildiug,  erected  in  1798,  the  proposed  destruction  of 
which  has  recently  brought  out  such  strong  protests  from  many  good 
citizens  of  Boston.  A  steam  heating  plant  was  installed  in  this  buildiug 
in  1867,  and  has  since  been  modified — the  original  fan  for  the  ventilation 
of  the  House  and  Senate  Chamber  being  replaced  by  one  of  more  modern 
type  about  fifteen  years  ago. 

The  Bryant  addition,  on  the  north  side  of  the  Bulfinch  building, 
was  built  in  1855,  and  has  now  been  pulled  down  and  is  being  rebuilt  in 
conformity  with  the  design  of  the  "  Extension."  Mount  Vernon  Street 
runs  under  the  portion  marked  M,  which,  in  consequence,  has  no  base- 
ment or  first  floor. 
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The  wing  at  the  right,  on  the  Court  House  plan,  is  the  Municipal 
Building,  and  contains  the  City  Prison  and  the  Criminal  Court  rooms. 
The  remainder  is  the  County  building,  devoted  to  Court  rooms,  rooms 
for  judges,  lawyers  and  juries,  and  the  Law  Library,  which  occupies 
nearly  the  whole  of  the  front  of  the  building  on  the  third  floor. 

The  heating  and  ventilation  of  the  Court  House  is  accomplished  by 
a  hot-water  apparatus,  operating  without  pressure  except  that  due  to 
the  head  of  water  in  the  system.  The  boilers  are  placed  below  the 
lowest  radiating  surface,  special  excavation  (which  on  account  of  the 
foundations  being  already  in  place,  was  very  costly)  having  been 
made  for  this  purpose.  B  on  the  plan  indicates  the  boiler  room.  The 
w^ater  being  heated  in  the  boilers  to  a  temperature  varying  ac- 
cording to  the  weather,  from  80  to  180  degrees,  flows  through  the 
supply  mains  and  their  many  branches,  rising  till  it  reaches  the  various 
radiators,  in  which  it  is  cooled,  and  then  flows  back  through  the  return 
pipes  into  the  boilers  again — without  the  intervention  of  any  traps,  tanks 
or  pumps — arriving  at  a  temperature  averaging  15  degrees  cooler  than 
when  it  began  its  journey.  The  usual  expansion  tank  is  provided  at  the 
top  of  the  building,  and  the  water  level  in  this  tank  is  maintained 
automatically.  The  air-vents  of  all  the  indirect  radiators  are  connected 
to  two  IJ-iuch  mains,  which  are  run  to  the  top  of  the  building  and  have 
a  free  discharge.  The  direct  radiators  are  provided  with  ordinary  air 
cocks 

The  rooms  are  warmed  partly  by  passing  the  air  supplied  to  them 
through  large  return  bend-coils  of  3-inch  cast-ii'on  pipe  placed  in  brick 
chambers  at  the  base  of  the  several  flues,  and  partly  by  horizontal 
wrought-iron  tube  radiators  located  in  the  window  recesses. 

Ventilation  is  eflTected  without  the  use  of  any  moving  machinery. 
The  tunnels  or  corridors  in  the  sub-basement  which  contain  the  large 
hot-water  pipes  serve  also  as  main  fresh-air  ducts  to  those  rooms  which 
can  be  reached  from  them.  The  Court  rooms  have,  as  a  rule,  indepen- 
dent fresh-air  inlets. 

The  air  inlets  to  the  rooms  are,  in  most  cases,  on  the  warm  or  inner 
side,  and  are  placed  at  the  floor.  All  the  Court  rooms,  however,  have 
two  opposite  exposed  sides,  and  in  these  cases  there  is  an  air  inlet  at 
each  corner  on  one  exposed  side,  and  a  corresponding  outlet  flue  on  each 
corner  on  the  opposite  side  (as  shown  in  Fig.  6).  The  outlet  flues  have 
registers  both  at  the  ceiling  and  at  the  floor.  With  this  arrangement 
of  air  inlet  and  with  no  means  for  diff'usiug  the  air  as  it  enters,  it  is  not 
surprising  that  when  weather  conditions  are  favorable,  and  the  volume 
of  entering  air  large  and  its  velocity  consequently  high,  drafts  are 
complained  of  by  persons  sitting  near  the  supply  registers.  To  avoid 
these,  screens  or  baflliug  plates  have,  in  some  cases,  been  provided,  and 
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in  some  cases  the  iulets  have  been  raised  a  few  feet  above  the  floor.  The 
efliciency  of  the  air  circulation  in  a  room  so  arranged  is  evidently  open 
to  grave  sus})icion,  for  it  is  obvious  that  as  regards  the  two  exposed  sides 
it  cannot  possibly  be  symmetrical.  The  entering  air,  being  warmer  than 
the  air  of  the  room,  a  large  pi'oportion  of  it — especially  where  the 
screens  are  used — will  rise  immediately  to  the  ceiling  and  then  gradually 


Fig 


find  its  way  down  the  cooling  surface  of  the  windows  towards  the  floor. 
That  portion  of  it  which  flows  down  on  the  side  where  the  inlets  are 
placed,  will  have  to  cross  the  I'oom  to  the  outlets  at  a  low  level  and  will 
do  useful  work,  but  that  which  comes  down  on  the  other  side  can 
reach  the  outlets  almost  without  working  its  passage,  and  except  for  the 
foul  air  at  the  ceiling — which  doubtless  it  does  help  to  dilute  and 
displace — it  would  be  almost  as  pure  when  it  left  the  room  as  when  it 
entered  it. 

The  temperature  in  the  rooms  is  regulated  very  approximately  by 
the  temperature  of  the  water  in  the  main  supply  pipe — a  thermometer 
being  placed  in  this  pipe  for  the  guidance  of  the  engineer,  who  varies 
the  condition  of  his  fires  and  the  number  of  boilers  used,  according  to 
the  outside  weather.  A  further  regulation  in  any  particular  room  is 
effected    by  operating  the   valves   of  the  direct  radiators   under   the 
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windows,  or  by  changing  the  position  of  the  mixing  dampers  which  are 
provided  for  all  the  Court  rooms. 

It  was  prophesied  before  the  apparatus  was  completed,  that  a  large 
corps  of  supernumerary  engineers  would  be  needed  to  regulate  with 
every  change  in  the  weather,  the  many  valves  and  dampers  which  form 
a  part  of  the  apparatus.  This,  however,  does  not  prove  to  be  the  case  ; 
in  the  Court  rooms  the  mixing  dampers  are  rarely  touched  except 
when  something  of  unusual  interest  is  going  on,  and  the  room  is  conse- 
quently crowded.  Then  the  adjustment  is  usually  made  by  one  of  the 
two  engineers.  In  the  smaller  private  rooms  the  radiator  valves  and 
cold-air  dampers  are  controlled  by  the  occupants,  while  in  the  jury  and 
other  rooms — which  have  no  air- supply  flues,  and  are  not  occupied  con- 
stantly by  the  same  persons — the  valve  wheels  have,  in  most  cases,  been 
removed  as  a  safeguard,  and  the  temperature  of  such  rooms  is  dependent 
on  that  in  the  apparatus  and  on  the  amount  of  air  admitted  behind  the 
radiators. 

The  ability  to  approximately  regulate  the  temperature  in  such  a 
large  building  from  a  central  source  is  undoubtedly  one  of  the  strongest 
arguments  in  favor  of  a  hot-water  apparatus  as  against  steam.  A  range 
of  temperature  extending  over  more  than  100  degrees  Fahrenheit  is  at 
the  disposal  of  the  engineer,  without  in  any  way  straining  the  apparatus 
or  increasing  the  pressure,  whereas  a  pressure  of  about  70  pounds  per 
square  inch  would  be  needed  in  the  case  of  steam  to  get  an  additional  100 
degrees  over  the  temperature  at  the  boiling  point,  and  such  a  pressure  in 
a  large  apparatus,  with  many  thousands  of  joints  and  fittings  and  some 
miles  of  piping,  would  be  impracticable  and  even  dangerous. 

There  are  in  the  Court  House  about  220  occupied  rooms,  including 
the  large  Law  Library  and  some  twenty  other  very  large  rooms  used  as 
court  rooms  or  rooms  for  hearings,  but  not  counting  toilet  rooms.  The 
Law  Library  has  a  cubic  capacity  of  about  132,000  feet,  and  the  other 
large  rooms  average  nearly  40,000  feet  each.  About  twenty  of  these 
two  hundred  rooms  are  used  for  unimportant  purposes  and  have  direct 
radiation  only,  without  air  supply.  Ninety  of  them  have  direct  radia- 
tors in  the  window  recesses,  enclosed  in  cast-iron  casings  and  arranged  to 
warm  air  taken  from  the  outside  through  cast-iron  subsills,  as  shown  in 
Fig.  3.  A  is  the  subsill ;  B  an  apron  of  1  inch  hair  felt,  cased  in  gal- 
vanized iron,  extending  across  the  window  recess;  C  is  the  radiator; 
D  a  damper  for  admitting  air  behind  the  radiator,  and  E  the  grating 
through  which  the  air  escapes  into  the  room.  The  dampers  are  under 
the  control  of  the  occupants  of  the  rooms,  and,  as  a  matter  of  fact,  in  cold 
weather  most  of  them  are  closed,  the  occupants  preferring  to  have  them 
so.  These  rooms  all  have  vent-flue  connections,  but  no  air  supply  other 
than  that  admitted  through  the  dampers  D,  so  that,  with  these  dampers 
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closed,  the  veutilatiou  cannot  be  very  excellent.  However,  in  most  of 
these  rooms  the  number  of  occupants  is  small  and  a  large  supply  of  air 
is  not  needed. 

The  remaining  one  hundred  and  ten  rooms  have  both  air  .supply 
and  vent-flue  connections,  in  addition  to  direct  radiators  in  the  window 
recesses.  These  radiators,  however,  have  no  subsill  air  supply,  but  are 
simply  enclosed  in  cast-iron  screen  work,  with  gratings  at  the  top  and 
bottom  for  the  circulation  of  air. 


Fig.  4. 

The  corridors  and  hallways  are  warmed  by  indirect  radiation,  with- 
out air  supply  from  the  outside.  An  air  connection  is  made  from  the 
floor  of  the  hall,  or  corridor,  to  the  underside  of  indirect  stack,  and 
another  connection  from  the  top  of  the  stack  to  the  floor  again,  or  to  a 
register  in  the  wall  above  the  floor.  In  this  way  these  spaces  are  warmed 
by  circulating  the  air  contained  in  them  through  the  indirect  radiators. 

The  amount  of  air  supplied  with  this,  as  with  any  gravity  ventilat- 
ing apparatus,  is  dependent,  first,  on  the  difference  between  the  inside 
and  outside  temperatures ;  second,  on  the  direction  and  force  of  the 
wind;  third,  on  the  barometric  pressure;  fourth,  on  the  amount  of  heat 
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used  iu  the  aspirating  coils  in  the  vent  shafts,  and  fifth,  on  the  area  height 
and  form  of  the  supply  and  vent  flues  and  their  freedom  from  obstruc- 
tions and  changes  of  direction.  From  this  it  will  be  seen  that  the  air 
supply  in  this  building  is  not  likely  to  be  constant,  but  must,  of  neces- 
sity, vary  from  day  to  day  with  the  outside  weather  conditions.  The 
severest  test  for  such  an  apparatus  is  a  spring  or  autumn  day  when  the 
barometer  is  low,  the  air  still  and  the  temperature  a  few  degrees  too  cool 
for  open  windows.  If  the  amount  of  air  supplied  on  such  a  day  is  up 
to  the  standard,  then  of  course  it  would  be  theoretically  possible  to  keep 
the  supply  constant,  and  to  have  neither  more  nor  less  air  than  is  needed 
at  any  time ;  but  as  this  would  entail,  in  the  case  of  the  Court  House, 
the  very  frequent,  perhaps  hourly,  manipulation  of  seventy-four  cold- 
air  dampers,  it  would  hardly  be  practicable,  and  as  a  matter  of  fact  it  is 
not  attempted,  although  the  dampers  are  used  to  check  the  flow  of  air 
to  the  rooms  when  it  becomes  too  generous  under  favorable  weather  con- 
ditions. 

Turning  now  to  the  State  House,  we  find  there  a  steam  apparatus 
throughout.  A  pressure  of  100  pounds  per  square  inch  is  carried  on  the 
boilers  for  the  purpose  of  running  the  engines  iu  connection  with  the 
electric  lighting  plant,  but  only  from  two  to  ten  pounds  is  used  in  the 
heating  apparatus.  The  boiler  room  is  located  in  the  courtyard  of  the 
extension — as  shown  at  B  on  the  plan — and  its  floor  is  about  two  feet 
below  the  level  of  the  sub-basement.  It  is  a  one-story  structure,  the 
roof  being  largely  of  glass,  making  it  an  exceptionally  light  room. 

The  different  pressures  carried  and  the  high  pressure  needed  for  the 
engines  made  a  gravity  apparatus  impracticable  in  this  case,  and  con- 
sequently the  water  of  condensation  from  all  the  direct  radiators  and 
from  the  main  coils — with  the  exceptiaai  of  the  exhaust  steam  sections — 
is  returned  to  the  boilers  through  a  series  of  traps,  tanks  and  pumps. 
The  rooms  here,  as  in  the  Court  House,  are  warmed  partly  by  the  air 
supply  and  partly  by  direct  radiation  ;  but  in  this  case  the  indirect  radia- 
tion, instead  of  being  divided  up  and  placed  at  the  bases  of  the  several 
flues,  is  massed  in  large  stacks  near  the  main  air  inlets.  The  two  sets  of 
stacks,  through  which  passes  all  the  air  supplied  to  the  extension  (the 
whole  building  except  the  Bulfinch  and  Bryant  portions),  are  built  of 
1-inch  wrought-iron  pipe,  and  are  made  up  of  a  series  of  miter  coils  set 
up  on  end  and  connected  together  in  sections.  The  arrangement  will  be 
better  understood  by  referring  to  Fig.  4,  which  shows  one  of  the  coils 
and  its  relation  to  the  floor  and  ceiling.  The  largest  stack  contains 
ninety  of  these  coils,  connected  together  in  groups  of  ten,  each  group 
having  separate  controlling  valves. 

Ventilation  is  effected  by  fans  driv^en  by  electric  motors,  and  for 
this  purpose  the  extension  is  divided  into  two  sections,  the  Bulfinch 
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and  Bryant  portions  together  making  a  third,  so  that  there  are  three 
supply  fans  and  three  sets  of  main  coils.  The  general  method  of  venti- 
lation can  be  understood  from  a  description  of  the  apparatus  on  tlie  \\  est 
side,  which  is  the  more  interesting  as  it  supplies  air  to  the  House  of 
Representatives.  The  air  inlet  is  on  the  west  side,  and  is  indicated  by 
arrows  on  the  plan.  On  its  way  to  the  fan  the  air  first  passes  through  a 
series  of  primary  coils,  which  are  designed  to  heat  it  to  about  40  degrees 
in  zero  weather.  Between  these  coils  and  the  fan  there  is  a  large 
chamber  in  which  it  was  designed  to  place  an  air  filter;  but  this  has  not 
as  vet  been  constructed.    The  fan  is  12  feet  diameter  and  14  inches  wide 
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Fig.  5. 

at  the  tip  of  the  blades.  It  is  a  cone  fan  of  the  Briggs-Meigs  type, 
modified  by  Prof.  Woodbridge,  and  has  proved  very  efficient  and  eco- 
nomical of  power.  The  one  on  the  east  side  is  of  the  same  type,  but 
two  feet  less  in  diameter,  as  it  has  less  work  to  do. 

After  passing  through  the  fan  the  air  is  forced  through  a  secondary 
coil,  and  is  further  heated  to  about  75  degrees,  at  which  temperature  it 
is  distributed  through  the  vertical  ducts  to  the  difl^erent  floors.  The 
total  area  of  the  main  air  supply  ducts  on  this  side  is  145  square  feet, 
45  square  feet   being  for   the  House    of  Representatives.     Horizontal 
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branches  are  taken  out  of  the  vertical  ducts  at  each  floor  for  the  purpose 
of  distributing  the  air  to  the  rooms.  Tliese  horizontal  ducts  are  formed 
by  furring  down  the  ceilings  of  the  corridors,  so  that  they  are  not  visible, 
and  by  the  casual  observer  would  be  unsuspected.  The  air  inlets  to  the 
rooms  are  in  most  cases  taken  directly  out  of  these  corridor  ducts,  so 
that  they  are  on  the  inner  side  of  the  rooms  and  usually  something  less 
than  three  feet  below  the  ceiling.  The  vent  outlets  are,  in  nearly  all 
cases,  at  the  floor,  and,  wherever  practicable,  on  the  warm  side,  and  are 
furnished  with  gossamer  check  valves  to  prevent  down-drafts.  No  ceil- 
ing outlets  are  provided  and  the  floor  outlets  have  no  register  valves. 
Some  of  the  rooms  which  could  not  be  reached  from  the  corridors  have 
separate  air-flues  leading  up  from  the  sub-basement,  and  connected  to 
the  warm  air  chamber  by  galvanized  iron  piping.  In  these  rooms  the 
air  inlets  are  about  eight  feet  above  the  floor. 

The  House  of  Representatives,  the  location  of  which  is  indicated  by 
the  letter  H  on  the  plan,  is  elliptical  in  form,  86  feet  long  by  70  feet 
wide  and  44  feet  high,  has  a  cubic  capacity  of  about  264,000  feet  and 
seats  240  persons  on  the  floor  and  about  200  in  the  galleries.  On 
special  occasions,  when  the  standing  room  is  occupied,  as  many  as  1,800 
persons  may  be  inside  the  doors  at  one  time.  This  chamber  is  treated  in 
a  special  manner,  the  conditions  being  different  to  those  existing  in  the 
other  rooms.  A  special  vertical  air-duct  is  provided,  which  has  two 
openings  at  the  base,  both  connecting  with  the  air-pressure  chamber,  but 
one  connecting  on  the  inside  and  the  other  on  the  outside  of  the  second- 
ary coil,  so  that  air  at  40  or  at  75  degrees,  or  at  any  intermediate  tem- 
perature, as  required,  may  be  supplied.  Mixing  dampers,  automatically 
controlled  by  thermostats,  are  provided  in  front  of  the  openings  and 
keep  the  temperature  of  this  injportant  legislative  chamber  practically 
constant,  in  spite  of  variations  in  the  weather  and  in  the  number  of 
occupants.  The  air-inlets  to  this  room  are  differently  arranged  to  those 
in  the  other  rooms.  The  desks  on  the  floor  and  the  seats  in  the  galleries 
are  fixtures,  and  the  floors  are  raised  and  inclined  in  such  a  manner  as 
to  give  a  considerable  air  space  between  them  and  the  ceilings  below. 
Into  these  spaces  the  air  from  the  vertical  duct  before  mentioned  is  dis- 
charged, so  that  they  become  air-pressure  chambers.  The  desks  are  of 
special  construction  and  have  hollow  bases  which  connect  with  the  air 
chamber  below,  and  the  air  finds  its  way  into  the  room  through  gratings 
(backed  by  coarse  haircloth)  in  these  bases  and  in  the  risers  of  the  floor, 
which  is  stepped.  The  gallery  inlets  are  somewhat  differently  arranged, 
though  the  same  principle  of  a  large  and  evenly  distributed  inlet  area 
near  the  floor  and  a  low  velocity  of  air  flow  is  carried  out.  The  total 
area  of  inlet  is  about  240  square  feet  for  the  floor  and  200  square  feet  for 
the  galleries,  or  one  square  foot  for  each  regular  occui)ant. 
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The  niaiu  veut  outlet  is  at  the  ceiling,  where  a  free  area  of  al)out 
20  square  feet  is  provided,  but  there  are  also  16  square  feet  of  outlet 
area  in  the  rear  walls  for  the  galleries.  The  ordinary  air  supply  to  the 
House  is  900,000  cubic  feet  per  hour,  but  it  has  been  found  (juite  possible 
on  special  occasions  to  raise  it  to  1,300,000,  and  that  without  causing 
disagreeable  drafts.  Samples  of  air  taken  at  the  ceiling  ventilator 
towards  the  close  of  the  exercises  on  the  occasion  of  the  Governor's 
inauguration  last  January,  when  fully  1,800   persons  were  inside  the 
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Fig.  6. 

doors — more  than  four  times  the  seating  capacity — gave  by  the  Petten- 
koffer  method  12.1  parts  of  carbon-dioxide  in  10,000 — a  large  propor- 
tion under  ordinary  circumstances,  but  a  very  satisfactory  showing  con- 
sidering the  adverse  conditions  and  the  fact  that  the  samples  were  taken 
at  the  point  of  maximum  impurity.  It  may  be  mentioned  incidentally 
that  a  Wolpert  air  tester,  carefully  used  at  the  same  time  and  place, 
gave  but  81  parts  CO.^  in  10,000,  indicating  an  error  in  the  latter  instru- 
ment of  more  than  30  per  cent.  As  the  Wolpert  device  is  used  by  the 
District  Police  in  testing  the  air  in  the  schoolhouses  of  this  State,  this 
fact  has  some  significance. 
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The  warmiug  of  the  House  is  done  entirely  by  the  air  supply,  no 
direct  radiators  being  used.  The  temperature  of  the  incoming  air,  when 
the  room  is  occupied,  rarely  exceeds  70  degrees  in  the  coldest  weather. 

The  temperature  of  the  air  supply  and  of  the  rooms  and  corridors 
throughout  the  building,  is  automatically  controlled  and  kept  constant 
within  one  or  two  degrees  by  the  Johnson  Electric  System,  so  long  as 
the  weather  is  cold  enough  for  artificial  heat  to  be  required.  Thermo- 
stats are  placed  in  the  main  air  ducts  and  control  sections  of  the  main 
coils,  and  in  each  of  the  rooms  and  in  the  corridors  there  are  other  ther- 
mostats controlling  the  valve?;  on  the  direct  radiators.  The  mixing 
dampers  above  mentioned,  which  regulate  the  temperature  of  the  air  to 
the  House,  are  also  controlled  by  the  Johnson  System.  Xo  valves  or 
dampers  are  accessible  to  the  ordinary  occiipants  "of  the  building,  or  need 
to  be  operated  or  thought  of  by  them. 

In  the  completed  building  there  will  be  about  200  occupied  rooms, 
including  the  House  of  Representatives,  the  State  Library  and  the 
Senate  Chamber.  Of  these,  170  will  have  connection  to  air  supply 
and  vent  flues  as  well  as  direct  radiation.  The  remaining  thirty  include 
such  rooms  as  the  restaurant  and  kitchen,  and  the  Board  of  Health 
laboratories  on  the  fifth  floor,  which  have  liberal  vent  connections,  but 
take  their  air  supply  from  the  hallways  and  corridors  ;  and  the  stack 
rooms,  on  the  third  floor,  through  which  the  air  from  the  State  Library 
passes  on  its  way  to  the  vent  outlets.  The  advantages  and  economy  of 
such  an  arrangement  are  obvious.  The  large  volume  of  nearly  pure 
air  at  the  top  of  the  building  is  utilized,  and  a  continuous  inward  cur- 
rent is  insured  towards  those  rooms  which  might  otherwise  be  centers 
for  the  distribution  of  foul  odors  throughout  the  building.  Similarly 
all  the  toilet  rooms,  instead  of  having  their  own  air-supply  flues,  as  is 
the  case  in  eight  of  the  large  toilet  rooms  in  the  Court  House,  take  their 
supply  from  the  corridors  through  gratings  in  the  lower  panels  of  the 
doors,  and  the  vent-flues  from  these  rooms  are  all  connected  to  an 
exhaust  fan  which  is  kept  running  continuously.  Exhaust  fans  are  also 
provided  for  the  kitchen  and  restaurant,  and  for  the  laboratories,  and 
these  are  run  intermittently  as  needed.  Ventilation  in  the  stack  rpoms 
is  required  principally  for  the  preservation  of  the  books,  so  that  the  air 
from  the  library,  which  is  usually  a  very  thinly  populated  room,  is 
entirely  pure  enough  for  the  purpose,  and  it  would,  in  fact,  be  wasteful 
to  use  fresh  air. 

There  is  a  fourth  exhaust  fan  in  the  State  police  department  in  the 
sub-basement,  w^iere  confiscated  liquors  are  disposed  of.  This  was  not 
anticipated  in  the  original  design,  but  was  found  necessary  on  account 
of  the  strong  fumes  liberated. 

All   the  fans  are  run   bv  electric   motors.     Vent-flues,  other  than 
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those  mentioned  above  as  being  connected  with  fans,  are  merely  carried 
up  above  the  roof  and  suitably  capped.  No  aspirating  coils  are  pro- 
vided or  needed. 

The  total  amount  of  air  which  the  apparatus  is  capable  of  supply- 
ing to  that  portion  of  the  building  known  as  the  "  Extension "  is 
10,000,000  cubic  feet  per  hour,  or  say  50  cubic  feet  per  minute  to  each 
of  3,300  occupants.  Add  to  this  2,500,000  cubic  feet  per  hour  for  the 
Bulfiuch  and  Bryant  portions,  and  we  get  12,500,000  cubic  feet  as  the 
total  for  the  completed  building.  This  amount,  it  should  be  noted,  is 
practically  independent  of  outside  weather  conditions,  and  is  well  under 
the  control  of  the  engineer,  who  can  reduce  it  as  may  be  required.  It 
is,  of  course,  dependent  on  the  fans  and  motors ;  if  these  should  become 
disabled,  then  the  air  supply  would  be  very  greatly  reduced,  and  with 
unfavorable  weather  conditions  this  building  would  be  worse  off  than 
the  Court  House.  But  such  a  contingency  is  not  likely  to  occur  except 
at  long  intervals,  and  even  then  the  stoppage  would  be  of  short  duration 
and  would  not  interfere  with  the  use  of  the  building. 

We  now  come  to  the  consideration  of  some  of  the  details  in  the 
two  buildings. 

In  the  Court  House  there  are  twelve  horizontal  tubular  hot-water 
boilers  of  80  nominal  horse-power  each,  and  two  steam  boilers  of  the 
same  type  of  50  horse-power  each,  making  a  total  of  1,060  nominal 
horse-power.  The  steam  boilers  are  for  the  elevator  pumps  and  have 
no  connection  with  the  heating  apparatus  except  that  the  exhaust 
steam,  after  passing  through  a  feed-water  heater,  escapes  to  aspirating 
coils  in  two  of  the  vent-shafts.  There  is  no  electric  lighting  plant  in 
the  building.  Of  the  twelve  hot-water  boilers,  eight  have  been  found 
sufficient  in  the  coldest  weather  experienced  since  the  apparatus  was 
installed.     The  firing  is  done  by  hand,  Cumberland  coal  being  used. 

In  the  State  House  there  are  four  Babcock  &  Wilcox  boilers  of  208 
nominal  horse-power  each,  or  832  horse  power  in  all.  These  boilers  are 
designed  to  supply  steam  to  the  entire  heating  apparatus,  to  the  eleva- 
tor pumps,  and  to  a  5,000  lamp  electric  lighting  plant.  Last  winter, 
beginning  with  January,  the  entire  building — except  that  portion 
marked  M,  which  was  not  built — was  warmed  by  steam  from  these 
boilers,  as  was  also  a  large  building  across  the  street  on  the  east  side 
known  as  the  Commonwealth  building.  The  electric  current  was  at  the 
same  time  supplied  to  3,500  16-candle-power  lamps  or  their  equivalent, 
and  in  the  coldest  weather  only  three  out  of  the  four  boilers  were  used, 
showing  that  there  is  an  abundant  reserve  force  to  take  care  of  the 
whole  building  when  completed.  Roney  mechanical  stokers  are  used 
for  firing.  The  coal  is  brought  from  the  bin  in  a  steel  car  running  on  a 
2-foot  track,  is  weighed  and  shoveled  into  hoppers  secured  to  the  boiler 
fronts  above  the  ofrates. 
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Special  arrangement  has  been  made  for  the  disposal  of  ashes. 
Between  and  below  the  two  pairs  of  boilers  there  is  a  fire-proof  chamber 
with  connection  to  each  of  the  four  ash  pits;  the  ashes  are  dumped  into 
this  chamber  and  do  not  appear  on  the  floor  of  the  boiler  room  at  all. 
A  mechanical  conveyer  raises  the  ashes  out  of  the  chamber  and  deposits 
them  through  a  chute  outside  the  boiler-room  wall,  ready  to  be  carted 
away. 

In  a  hot  water  apparatus  we  should  naturally  expect  to  find  the 
supply  and  return  pipes  of  a  larger  size  than  those  in  a  corresponding 
steam  apparatus,  so  here,  in  the  Court  House,  the  main  supply  pipe  or 
drum  is  30-inch  internal  diameter,  with  l^inch  connections  to  twelve 
boilers.  In  the  State  House  the  largest  supply  main  is  10  inches,  with 
8-inch  connections  to  four  boilers.  The  return  mains  in  the  Court 
House  are  the  same  size  as  the  corresponding  supply  pipes,  the  return 
drum  being  30  inches  in  diameter,  whereas  the  largest  return  main  in 
the  State  House  is  only  3i  inches  in  diameter. 

All  pipes  in  the  Court  House  larger  than  5  inches  in  diameter  are 
of  cast  iron,  flanged.     No  cast-iron  pipes  are  used  in  the  State  House. 

In  the  Court  House  the  supply  and  return  mains  are  in  the  sub- 
basement  ;  the  larger  })ipes  run  in  the  fresh-air  supply  ducts  and  are 
covered  with  hair  felt  and  canvas,  an  excellent  non-conductor  for  hot- 
water  work,  but  objectionable  from  the  fact  that  it  has  become  infested 
with  vermin.  Each  line  of  radiators  has  its  separate  supply  and  return 
riser,  so  that  there  are  in  the  building  80  pairs  of  risers,  not  counting 
those  which  do  not  reach  up  to  the  second  floor — 160  rising  lines  in  all. 

In  the  State  House  the  supply  to  the  direct  radiators  is  first  taken 
to  the  top  of  the  building  by  two  7-iuch  risers,  and  is  thence  distributed 
to  the  downward  feed  pipes  by  mains  running  in  the  roof  space  and 
covered  with  asbestos  cement  felting.  Exclusive  of  those  in  the  Bul- 
finch  portion,  there  are  67  of  these  "droppers"  or  downward  feeders 
which  perform  the  function  of  carrying  away  the  water  of  condensa- 
tion as  well  as  supplying  steam  to  the  radiators,  so  that  no  return 
risers  are  needed.  The  average  size  of  these  vertical  pipes  is  very 
nearly  the  same  in  both  buildings,  about  2  inches  in  diameter.  The 
"  droppers  "  aie  concealed  in  slots  in  the  brick  walls,  which  are  covered 
with  cast-iron  plates.  These  plates  have  perforations  near  the  floor  and 
near  the  ceiling,  so  that  a  circulation  of  air  is  maintained  and  the  heat 
utilized.  The  ordinary  pressure  carried  on  the  direct  radiator  system 
is  under  5  pounds  per  square  inch. 

The  direct  radiators  used  in  the  Court  House  are  constructed  of 
one-inch  pipe  screwed  into  cast-iron  headers  at  one  end  and  into  return 
bends  at  the  other,  the  bends  being  tapped  left  hand.  They  are  prac- 
tically ordinary  pipe  radiators  set  with  the   ])ipes    horizontal  instead  of 
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vertical.  This  form  Avas  adopted  partly  because  of  the  ease  with  which 
such  radiators  can  be  made  of  varying-  heights,  widths  aud  lengths  to 
suit  the  diftereut  window  recesses  and   the  amount  of  surface  specified. 

The  State  House  radiators  are  of  the  H.  B.  Smith  Union  pattern 
for  hot  water,  vertical  cast-ii'on  loops  connected  together  at  top  and 
bottom.  Each  radiator  has  a  supply  connection  at  the  top  aud  return 
connection  at  the  bottom,  both  connecting  with  the  same  vertical  pipe. 

The  amount  of  radiating  surface  in  the  Court  House  is  vastly 
larger  than  in  the  State  House,  notwithstanding  that  the  latter  is  the 
larger  building  and  has  ample  surface  to  more  than  meet  all  the  require- 
ments. I  am  not  able  to  state  exactly  the  area  of  the  exposed  window 
and  wall  surface  ia  the  two  buildings,  but  it  is  probable  that  the  pro- 
portion of  such  surface  to  cubic  capacity  is  greater  in  the  Court  House 
than  in  the  State  House,  and  the  actual  figures  might  possibly  show  a 
surplus  for  the  Court  House.  Bearing  this  in  mind,  and  also  making 
liberal  allowance  for  the  fact  that  we  are  dealing  with  hot  water  in  one 
case  and  with  steam  in  the  other,  it  is  still  very  evident  that  an  extrava- 
gant factor  of  safety  was  used  in  designing  the  Court  House  apparatus. 

For  purposes  of  comparison  I  have  selected  a  large  room  in  each 
building,  which  will,  I  think,  help  to  bring  out  this  point  more  clearly. 
The  room  in  the  County  building  which  I  have  chosen  is  one  of  the 
Court  rooms  on  the  second  floor  on  the  west  side  (Fig.  6),  and  the  one 
in  the  State  Building  is  on  the  third  floor  on  the  eas-t  side,  and  was 
originally  assigned  to  the  Secretary  of  State  (Fig.  5).  Their  respective 
locations  are  indicated  by  the  letters  E,  E  on  the  floor  plans.  They 
were  chosen  with  reference  to  their  size  and  exposure,  and  by  referring 
to  Table  H  it  will  be  seen  that  while  the  rooms  vary  very  little  in  those 
particulars,  yet  the  Court  Room  has  89  per  cent,  more  direct  surface 
and  1,347  per  cent,  more  indirect  surface  than  has  the  room  in  the  State 
House.  It  should  be  noted,  however,  that  this  difference  is  in  part  due 
to  the  use  of  hot  water  without  a  fan  in  one  case,  and  steam  with  a  fan 
in  the  other,  and  also  to  the  fact  that  on  account  of  the  larger  number 
of  occupants  in  the  Court  Room,  a  larger  maximum  air  supply  has  been 
provided  for.  But  even  when  all  this  has  been  taken  into  considera- 
tion, the  excess  in  the  Court  Room  is  still  very  remarkable,  and  I  do 
not  think  that  "  extravagant  "  is  too  strong  a  term  to  apply  to  the 
"factor  of  safety"  there  used. 

The  figure  85  which  is  given  in  Table  II  as  the  amount  of  indirect 
surface  for  the  room  in  the  State  House  is  in  the  same  proportion  to  the 
total  indirect  heating  surface  on  the  east  side  (4,240  square  feet), 
as  the  amount  of  air  supplied  per  hour  to  the  room  (150,000  cubic  feet"* 
is  to  the  total  air  supply  per  hour  (4,500,000). 
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TABLE  II. 


Court  House.  State  House. 

Room  22,  2d  Floor.  Room  113,  3d  Floor. 


Floor  area,  square  feet      1,813  2,090 

Cubic  capicitv ?8,300  39,700 

Glass  area •    •    • 340  260 

Exposed  wall  area 920  994 

Glass  plus  wall 1,260  1,254 

H.  S.  direct 512  270 

H.  S.  indirect         1,230  85 


By  referring  to  Table  I,  it  will  be  seen  that  much  the  same  propor- 
tions are  maintained  when  the  two  entire  buildings  are  compared.  The 
Court  House,  with  11  per  cent.  less  cubic  capacity,  has  318  per  cent, 
more  heating  surface,  and  this  is  without  taking  into  account  the  large 
amount  of  surface  in  the  enormous  supply  and  return  mains. 

With  regard  to  the  coal  consumption  in  the  two  buildings,  I  have 
not  found  it  possible  to  get  data  for  a  fair  comparison.  The  amount 
used  in  the  Court  House  from  January  1  to  June  1,  1895,  was  995  tons, 
and  in  the  State  House  for  the  same  period,  1,465  tons.  But  it  must  be 
remembered  that  in  the  latter  building  there  is  a  5000-larap  electric 
light  plant,  some  portion  of  which  was  in  operation  day  and  night,  and 
that  the  Commonwealth  Building,  the  Bulfinch  and  Bryant  portions,  and 
the  Extension  (except  that  part  over  Mt.  Vernon  Street),  were  all  warmed 
during  this  period  by  steam  from  the  new  boilers.  Also  it  should  be 
noted  that  the  north  side  of  the  Bryant  portion  and  the  south  end  of  the 
Extension  were  then  outside  exposures. 

The  electric  lighting  bill  for  the  Court  House,  covering  the  period 
above  mentioned,  was  $8,030,  which  must  be  placed  against  the  State 
House  expenses.  This  is  enough  to  pay  for  the  extra  coal  used  in  that 
building  and  leave  a  balance  of  $300  a  month  towards  the  heavier 
running  expenses,  but  even  then  we  do  not  get  an  accurate  comparison, 
as  many  more  lamps  are  used  per  hour  in  the  State  House,  and  there 
are  six  elevators  there  against  three  in  the  Court  House. 

The  number  of  employees  in  the  engineer's  department  is  greater  in 
the  State  House  than  in  the  Court  House,  partly  because  of  the  lighting 
plant,  and  partly  because  of  the  State  law  which  limits  the  working 
hours  of  State  employees  to  eight  in  twenty-four,  a  law  which  does  not 
affect  the  Court  House.  There  are  in  the  State  House  three  engineers, 
six  firemen,  three  oilers  and  two  electricians,  against  two  engineers,  five 
firemen  and  one  electrician  in  the  Court  House. 

The  Court  House  apparatus  was  designed  by  Bartlett,  Hayward  & 
Co.,  of  Baltimore,  and  installed  by  the  Samuel  I.  Pope  Co.,  of  Chicago. 
That  in  the  State  House  was  designed  by  Prof.  S.  H.  Woodbridge,  of 
the  Massachusetts  Institution  of  Technology,  and  installed  by  A.  B. 
Franklin,  of  Boston. 
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REC0:N^STRUCTI0:N^  of  the  car  ferry  TRA:N^SrER 
APROIS^S  AT  PORT  COSTA  AND  BEIS^ICIA. 


By  John  B.  Leonard,  Member  of  the  Technical  Society  of  the 
Pacific  Coast. 


[Read  before  the  Society,  May  3,  1895.-"] 

For  the  data  upon  which  I  have  based  my  description  of  the 
operating'  machinery,  I  am  indebted  to  the  paper  prepared  by  Mr.  A. 
Brown  and  read  by  Mr.  Harris  before  the  American  Society  of  Civil  En- 
gineers in  April,  1890.  I  also  wish  to  acknowledge  many  favors  tend- 
ered to  me  by  Mr.  F.  Teichman,  who,  under  the  supervision  of  the 
Engineer  of  the  Maintenance  of  Way  Department  of  the  S.  P.  R.  R., 
prepared  the  details  for  this  work. 

The  steamer  "  Solano"  was  built  in  1879  for  the  purpose  of  trans- 
ferring a  train  of  cars  (48  freight  or  24  passenger,  with  engine)  across 
the  straits  of  Carquinez  between  Port  Costa  and  Beuicia. 

The  transfer  aprons  that  I  will  attempt  to  describe  to  you  are  for 
the  purpose  of  connecting  the  tracks  on  the  wharves  with  those  on  the 
boat. 

The  "  Solano  "  having  been  in  service  for  a  period  of  sixteen  years, 
it  became  advisable  to  dock  her  and  make  some  needed  repairs.  This 
opportunity  was  taken  to  reconstruct  the  transfer  aprons.  It  had  for 
some  time  been  apparent  to  the  engineers  of  the  Maintenance  of  Way 

*  Manuscript  received  October  18,  1895. — Secietary,  Ass'n  of  Evg.  Sues. 
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Department  of  the  Railroad,  that  the  construction  of  these  transfer 
aprons  was  much  too  light  for  the  present  traffic.  TBe  increased  volume 
of  business  and  the  much  heavier  rolling  stock  that  is  now  being  used 
are  the  reasons  for  strengthening  these  aprons. 

Fig.  1  shows  the  general  details  of  the  aprons  as  originally  con- 
structed. The  apron,  as  reconstructed,  will  have  practically  the  same 
general  dimensions  as  those  of  the  original  apron,  i.  e.,  100  feei  long  by 
441  feet  wide,  and  will  carry  four  tracks  similar  to  those  ou  the  boat. 
The  apron  will  consist  of  five  longitudinal  bowstring  trusses,  and  a 
system  of  transverse  floor  beams  carrying  intermediate  track  stringers. 

One  end  of  the  apron  is  at  all  times  supported  by  the  wharf,  and 
is  also  hinged  at  this  end.  The  other  end  is  supported  by  means  of 
a  submerged  pontoon  and  counterweights,  but  during  the  operation  of 
loading  or  unloading,  additional  support  is  given  by  the  boat. 

The  supporting  capacity  of  the  pontoon  is  95  tons,  and  of  the 
counterweights  25  tons,  making  a  total  supporting  capacity  of  120  tons. 
An  excess  of  supporting  capacity  to  the  proportion  of  static  load  that  is 
carried  at  the  free  end,  is  for  the  manipulation  of  this  end  of  the  apron. 
The  machinery  for  doing  this  will  remain  the  same  as  in  the  original 
construction. 

At  the  first  panel  point  from  the  free  end,  the  apron  will  rest  on 
the  pontoon.  At  a  distance  of  12'  If"  from  the  free  end  there  will  be  a 
transverse  bowstring  truss,  the  ends  of  which  will  be  secured  to  the 
counterweights.  This  transverse  bowstring  truss  will  transmit  to  the 
longitudinal  apron  trusses  the  supporting  power  of  the  counterweights. 
The  wire  rope  which  connects  the  ends  of  the  transverse  truss  to  the 
counterweight  is  double  and  continuous,  and  passes  around  equalizing 
sheaves  both  at  the  truss  and  the  counterweight.  The  pontoon  is  con- 
nected to  the  apron  in  such  a  way  as  to  resist  both  tensile  and  compres- 
sive stresses. 

The  power  for  operating  the  counterweights  is  derived  from  a 
hydraulic  lift.  From  the  top  of  the  box  containing  the  counterpoises, 
the  chain  K  jiasses  partially  around  the  sheaves  /  and  m,  the  crosshead 
T,  and  is  secured  at  n.  From  the  bottom  of  the  counterweight  the 
chain  K'  passes  similarly  around  /'  and  vt',  and  is  secured  at  n'.  The 
water  is  supplied  from  the  accumulator  G,  iuto  which  it  is  pumped  from 
the  tank  A',  on  the  Benicia  side,  by  an  electric  motor.  On  the  Fort 
Costa  side  the  tank  E  is  situated  on  top  of  a  hill  and  is  supplied  by  the 
local  water  works.  The  distribution  valve  of  the  lift  T,  shown  in  detail 
on  Fig.  1,  is  so  arranged  that  when  the  feed  is  cut  off,  the  ends  of  the 
cylinder  are  connected,  so  that  the  piston  may  move  in  either  direction 
the  water  in  the  cylinder  merely  circulating  around,  thus  permitting  the 
end  of  the  apron  to  rise  and  fall  wath  the  tide  or  the  boat. 
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The  action  of  the  free  end  of  the  apron  is  as  follows :  the  excess  of 
the  supporting  capacities  raises  the  apron  above  its  bearing  in  the  cock- 
pit of  the  boat,  when  such  bearings  are  at  the  maximum  elevation,  L  e., 
the  boat  is  unloaded.  The  boat  comes  iuto  the  slip  to  receive  or  dis- 
charge a  train.  A  horizontal  motion  of  the  hydraulic  lift  in  the  direc- 
tion of  the  wharf  raises  the  counterweight,  and  thus  throws  an  unbal- 
anced weight  on  the  pontoon.  This  unbalanced  weight  sinks  the 
pontoon  until  the  trusses  of  the  apron  come  to  their  bearing  in  the  cock- 
pit of  the  boat.  The  apron  is  then  latched  down  and  the  counterweights 
released.  The  boat  is  held  up  to  the  apron  by  means  of  two  mooring 
rods  AT,  which  extend  the  length  of  the  apron,  are  hinged  at  H  and 
bolted  back  to  the  piling  as  shown.  The  rods  il/are  connected  to  the 
boat  by  means  of  links  and  tightening  levers.  The  apron  is  now  free  to 
follow  the  fluctuations  of  the  boat  due  to  loading  and  unloading,  or 
the  rise  and  fall  of  the  tide.  Upon  unlatching  the  apron  the  unbal- 
anced weight  immediately  raises  the  apron  free  from  its  bearings.  The 
object  of  connecting  the  crosshead  T  to  the  bottom  of  the  counterw'eight 
is  to  keep  the  piston  always  in  a  position  ready  to  act  at  once. 

The  two  outer  trusses  of  the  apron  will  carry  the  outer  rails  of  the 
outside  tracks  on  their  top  chords,  while  the  other  rails  will  be  carried 
by  14  xl6  track  stringers  which  rest  on  the  transverse  floor  beams. 

The  trusses  are  of  the  pin-connected  combination  type  of  construc- 
tion. Each  truss  has  six  panels  of  13'  3"  each,  and  one  18'  3",  making- 
99' 3"  center  to  center  of  end  pins,  and  a  depth  at  their  center  of  8' 
65"  center  to  center  of  pins.  The  depth  of  the  trusses  was  limited  by  the 
distance  from  the  base  of  the  rail  on  the  boat  to  the  loaded  water  line. 
The  form  of  the  trusses  is  such  as  to  secure  very  nearly  the  same  maxi- 
mum stress  iu  each  panel  under  the  conditions  of  maximum  loading  for 
such  panel. 

The  trusses  are  built  in  duplicate  for  the  sake  of  economy  in  the 
cost  of  manufacturing  and  erection.  The  only  places  where  there  is 
any  excess  of  material  are  the  web  systems  and  bottom  chords  of  the 
outside  trusses.  The  transverse  stresses  of  the  top  chords  in  these 
trusses,  in  addition  to  the  logitudinal  stress,  require  about  the  same  sec- 
tional areas  as  are  used  in  the  other  trusses. 

The  maximum  unit  strain  in  the  tension  members  will  be  15,000 
pounds  per  square  inch,  and  this  strain  will  occur  only  when  trains  are 
on  adjacent  tracks. 

The  top  chords  of  the  trusses  are  built  of  three  pieces  of  Oregon  pine, 
8"  X  16",  and  two  15"  steel  I-beams,  41  pounds  per  foot.  The  15"  beams 
are  placed  one  on  each  side  of  the  timber  chords,  the  timber  being  framed 
so  as  to  fit  snugly  up  against  the  web  of  the  beam.  The  web  members 
are  connected  to  this  chord  by  means  of  pins,  these  pins  having  bearings 
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in  Castillo's.  The  castings  rest  on  top  of,  and  are  bolted  to,  tlie  vertical 
posts,  and  project  up  between  the  leaves  of  the  timber  portion  of  the 
chord,  into  which  they  are  framed.  The  diameter  of  the  pin  hole  in 
the  timber  is  such  as  to  make  a  snug  fit,  while  those  of  the  beams  are 
i"  larger  than  the  pin.  In  this  way  all  of  the  horizontal  components  of 
the  diagonal  web  members  are  transmitted  to  the  timber  portion  of  the 
chord.  At  the  ends  of  the  trusses  the  beams  are  riveted  to  the  castings, 
and  both  beams  and  timbers  come  to  a  bearing  on  the  pin.  To  insure 
the  timber  coming  to  a  firm  bearing  in  the  castings,  iron  wedges  will  be 
driven  in  the  joints  at  the  ends  of  the  timbers. 

The  reasons  for  building  the  chords  in  this  way  are  these:  First,  it 
was  found  to  be  much  cheaper  than  an  all  iron  construction,  one  item 
in  favor  of  the  cost  of  this  construction  being  that  the  most  of  the  cast 
iron  is  taken  from  the  old  work.  The  limited  time  in  which  to  perform 
the  work  was  a  very  important  factor  against  an  iron  truss  or  girder. 
An  all  timber  chord  could  not  be  used  because  it  packed  out  too  wide 
horizontally  with  a  16"  depth,  and  to  increase  the  depth  of  the  timber 
sufficiently  to  permit  it  to  be  packed  in  the  horizontal  space  available, 
would  decrease  the  depth  of  the  truss,  or  in  extreme  cases  dip  the  bottom 
chord  too  much  into  the  water. 

For  proportioning  the  chord  sections  the  moduli  of  elasticity  of  tim- 
ber is  taken  at  1,800,000  pounds,  and  of  steel,  at  29,000,000  pounds. 
Since  the  tw^o  materials  will  resist  the  stresses  in  proportion  to  their 
rigidities,  which  from  the  above  moduli  are  found  to  be  nearly  as  16  to 
1,  the  sectional  area  of  the  timber  to  the  steel  is  as  16  to  1,  as  near  as 
commercial  sizes  will  permit. 

Furthermore,  it  is  found  practically  impossible  to  bring  the  apron 
to  an  exact  bearing  in  the  cockpit  of  the  boat,  there  being  a  play  of 
about  i"  between  the  sill  of  the  apron  and  its  bearing  on  the  boat, 
under  favorable  conditions.  The  sudden  loading  of  the  apron  caused 
by  the  train  coming  on  from  the  boat,  immediately  deflects  the  end  of 
the  apron  to  its  bearing.  To  overcome  the  inertia  of  the  counterweights 
and  the  pontoon,  a  transverse  bending  strain  is  produced  in  the  end 
panels  of  the  top  chords. 

A  variation  in  the  elevation  of  the  sides  of  the  boat  during  the 
operation  of  loading  or  unloading,  produces  a  torsional  action  in  the 
apron.  Experience  has  shown  that  the  action  of  the  bending  stresses 
and  the  stresses  caused  by  the  torsional  motion  of  the  apron  are  very 
destructive  to  a  timber  chord.  It  is  believed  that  the  addition  of  steel 
beams  to  the  chord  section  will  prove  advantageous  in  resisting  such 
stresses. 

The  variation  in  temperature  has  been  assumed  as  40°  between 
extremes.     With   the  work  placed  in  position  at  a  mean  temperature, 
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the  40°  variation  will  cause  a  differeuce  in  length  of  the  timber  and 
iron  sections  of  about  -^j^".  The  deflection  of  the  pin  will  be  sufficient 
to  overcome  this  variation. 

The  stringers  at  the  wliarf  end  will  fit  into  a  casting  which  will 
have  projections  on  its  sides.  The  projections  will  be  in  the  form  of  a 
segment  of  a  curve,  and  will  extend  out  from  the  face  of  the  casting. 
This  projection  will  rest  in  a  socket  of  a  similar  concave  curvature,  in  a 
pedestal  casting  which  rests  on  the  wharf.  In  this  way  an  axis  of  rota- 
tion for  the  stringers  is  provided. 

For  the  trusses  the  problem  is  very  different.  _An  inclinaticm  of 
the  apron  above  or  below  the  horizontal  line  passing  through  the  hinge 
creates  a  thrust  or  pull  at  the  hinge  which  must  be  resisted. 

A  large  radius  for  the  rolling  face  was  necessary  in  order  to  secure 
sufficient  bearing  power.  It  was  also  sought  to  secure  a  detail  which 
would  cause  the  apron  to  automatically  adjust  itself  to  its  normal  posi- 
tion when  horizontal.  These  conditions  are  believed  to  have  been  ful- 
filled in  the  detail  adopted.  The  end  pin  B  (Fig.  3)  of  the  truss  rests 
upon  the  rocker  R,  and  transmits  through  it  to  the  wharf  the  portion 
of  the  load  tlmt  is  brought  to  this  end  of  the  truss.  The  pin  A  (Fig.  2) 
is  the  hinge  pin,  about  which  the.  apron  revolves. 

The  Y>o'mt  C  is  the  center  of  the  curve  of  the  bearing  face  of  the 
rocker,  the  radius  being  18".  The  end  pin  B  of  the  truss  is  7"  below 
this  center  of  curvature. 

The  hiuge  pin  A  is  11"  above  the  end  pin  B,  and  22"  above  the 
bearing  point  G.  The  pin  A  is  held  in  a  position  that  is  at  all  times 
vertically  over  G,  G  being  the  center  of  pressure  when  the  rocker  is 
vertical.  This  is  done  by  extending  braces  F,  F'  backAvards  from  A 
and  G  and  securing  them  to  the  wharf.  The  struts  are  joined  to  one 
another  at  the  wharf  end,  and  also  at  points  intermediate  between  the 
wharf  connection  and  the  points  A  and  G,  thus  completing  the  tri- 
angle of  bracing.  There  are  a  pair  of  these  braces  to  each  truss.  The 
apron  is  connected  to  the  hinge  by  giving  the  pin  A  a  bearing  in  the  end 
casting.  The  horizontal  motion  of  the  pin  B,  due  to  the  extreme 
position  of  the  apron,  was  found  to  be  about  ¥'  each  side  of  the  ver- 
tical. 

The  path  of  motion  of  the  pin  B  is  along  the  curve  B,  e.  If  the 
hinge  were  held  rigidly  in  position,  its  path  of  motion  would  have  to  be 
along  B,  d,  consequently  the  hinge  A  will  have  to  be  deflected  a  dis- 
tance equal  to  the  space  between  the  two  curves  B,  e,  and  B,  d.  This 
distance  was  found  to  never  exceed  about  3^5",  a  deflection  which  will 
be  given  by  the  elasticity  of  the  strut  with  ease. 

The  point  B  being  below  the  center  of  curvature  of  the  rolling 
face,  the  tendency  of  the  apron  must  always  be  to  return  to  its  normal 
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position.  The  stress  produced  in  the  strut  F  when  the  point  B  is 
at  its  maximum  distance  from  the  vertical  line,  is  about  1,400  pounds. 
To  prevent  the  rocker  beiug  lifted  off  its  bearing  through  any  blow  or 
shock,  the  tap  bolt  C  is  placed  in  the  pedestal. 

The  eyebars  for  this  work  were  made  by  the  Pacific  Rolling  Mill 
Co.,  of  San  Francisco.  The  balance  of  the  shop  work  was  done  by  the 
railroad  shops  at  Sacramento. 
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By  William  H.  Bryan,  Member  of  the  E>?gineers'  Clxjb  of  St.  Louis. 


[Read  before  tlie  Club,  October  16,  1895.*] 
Every  eugiueer  comes  into  the  possession  of  numerous  folders, 
pamphlets,  circulars  and  catalogues  which  seem  worth  preserving.  If 
he  is  a  member  of  one  or  more  of  the  national  societies,  the  number  is 
increased.  If,  in  addition,  he  is  represented  by  cards  in  the  professional 
directories,  the  amount  of  this  literature  becomes  larger  still. 

These  pamphlets  are  of  every  imaginable  size  and  shape,  and  cover 
all  branches  of  engineering,  and  are  often  on  subjects  of  only  indirect 
interest  to  the  engineer.  Unfortunately  they  differ  widely  in  shape  and 
size,  from  a  single  card  or  leaflet,  to  a  bound  catalogue  of  many  hundred 
pages.  The  list  comprises  manuflicturers'  catalogues,  stock  and  price 
lists,  advertisements,  specifications,  reports,  ordinances,  results  of  tests, 
clippings,  and  miscellaneous  pamphlets  of  a  fragmentary  character  of 
every  imaginable  description.  Much  that  the  average  engineer  receives 
is,  of  course,  not  worth  preserving,  but,  on  the  other  hand,  a  considerable 
portion  of  it,  if  not  of  actual  value  at  the  moment,  is  well  worth  pre- 
serving with  a  view  of  its  future  possible  use.  Some  of  it  is  of  great 
value,  as  it  represents  the  latest  practice  in  certain  lines,  which  is  not  as 
yet  old  enough  to  be  incorporated  in  the  text-books,  or  engineer's  pocket 
books,  much  of  it  not  having  even  reached  the  engineering  press.  Many 
manufacturers  add  a  value  to  their  catalogues  by  incorporating  in  them 
numerous  tables  and  formuke.  As  a  rule  these  are  carefully  collected 
and  represent  good  practice.  Not  infrequently  they  contain  data  not 
accessible  elsewhere.  Some  of  these  are  so  valuable  that  the  engineer 
consults  them  frequently  and  keeps  them  close  at  hand.  A  good  exam- 
ple of  this  is  "  Helios,  a  Text  Book  of  Modern  Boiler  Practice,' 'recently 
issued  by  the  Heine  Safety  Boiler  Company  of  this  city.  Others,  how- 
ever, are  of  quite  a  different  character  and  some  judgment  must  be  used 
in  determining  their  merits.  Within  the  last  week  I  received  a  circular 
in  which  the  time-honored  rule  that  the  evaporation  of  a  cubic  foot  of 
water  per  hour  represented  one  boiler  horse-power,  was  stated  in  all  seri- 
ousness. 

There  can  be  no  argument  as  to  the  desirability  of  preserving  this 
matter,  but  unless  a  Avell-digested  system  of  filing  and  indexing  is  em- 
ployed, the  accumulation  soon  reaches  a  point  where  it  become  unwieldy, 
and  the  difficulty — if  not  impossibility — of  finding  any  desired  pamphlet, 
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prevents  any  considerable  use  being  made  of  them,  and  greatly  reduces 
— if  it  does  not  wholly  destroy — their  value.  Very  early  in  my  own 
experience  I  found  that  I  must  adopt  a  system  which  would  make  it 
possible  to  put  my  hands  immediately  upon  all  the  accumulated  matter 
upon  any  one  of  many  different  subjects.  As  other  engineers  have  no 
doubt  been  confronted  with  the  same  difficulties,  I  have  thought  it 
might  be  of  interest  to  explain  the  solution  which  I  finally  reached. 

Any  satisfactory  plan  must  of  necessity  be  simple  in  design  and 
arrangement,  complete,  occupy  little  space,  and  not  be  expensive  in  first 
cost.  It  should  be  possible  to  remove  and  replace  any  single  pamphlet 
without  disturbing  the  others.  Abov^e  all,  the  system  must  be  so  nearly 
"  automatic"  as  to  require  the  minimum  of  thought  and  labor  to  main- 
tain it  at  its  highest  efficiency. 

The  large  bound  catalogues  are,  of  course,  easily  handled.     Most  of 


them  are  worthy  of  a  place  on  the  shelves  of  our  book  cases.  The 
smaller  and  irregularly  shaped  pamphlets  are  the  ones  which  present 
difficulties.  In  my  early  days  a  few  heavy  envelopes  in  three  or  four 
leading  divisions  of  engineering  answered  the  purpose.  These  were  sim- 
ply labeled  as  to  their  general  character,  and  each  individual  pamphlet 
or  clipping  was  also  indexed.  This  was  further  increased  by  additional 
envelopes  of  the  same  character,  as  the  accuniulatiun  grew.  For  obvious 
reasons,  however,  this  plan  soon  failed,  the  envelopes  being  quite  limited 
in  capacity,  and  the  system  having  little  or  no  elasticity.  The  next  step 
was  the  use  of  the  flexible  paper  letter  files,  Fig.  1.  These  cost  from 
25  cents  to  35  cents  each,  and  contain  twenty-two  divisions.  A  label 
is  placed  on  each  division  giving  the  title  or  subject  to  which  it  is  de- 
voted. These  permit  quite  a  variety  of  subjects  and  each  division  may 
be  somewhat  overcrowded.  This  system  lasted  me  until  within  the  last 
year,  adding  cases  from  time  to  time,  and  rearranging  the  subjects.  I 
found   in  practice,  however,  that  many  of  the  divisions  became  badly 
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overcrowded,  and  that  tlie  cases  would  not  stand  the  hard  service  due  to 
frequent  reference  to  their  contents.  Furthermore,  the  divisions  are  not 
readily  accessible  where  the  filing  cases  are  all  kept  together  on  shelves, 
it  being  necessary  to  remove  the  entire  case  to  get  at  any  particular 
division.     Dust  also  gets  into  the  divisions. 


<^  - 


Fig.  2 


Less  than  a  year  ago,  I  realized  that  it  was  necessary  to  radically 
change  my  system  if  I  desired  to  be  able  to  get  the  full  benefit  of  the 
matter  in  my  possession.  I  devoted  a  great  deal  of  study  to  the  matter, 
investigating  all  sorts  of  filing  systems,  shelves,  cases  of  drawers,  etc.,  but 
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found  nothing  which  was  at  all  suitable.  The  standard  sizes  were  either 
not  satisfactory  as  to  size,  or  shape,  or  they  occupied  too  much  room,  or 
were  too  expensive.  The  latter  was  true  also  of  any  special  design  which 
might  be  gotten  up. 

The  accompanying  sketch,  Fig.  2,  indicates  my  solution  of  the 
difficulty.  I  had  a  case  of  shelves  made,  of  shape  and  dimensions 
shown.  There  are  five  shelves,  each  40  inches  wide  and  13  inches  high 
in  the  clear.  The  ends,  tops,  and  facings  of  the  shelves,  are  of  antique 
oak;  the  rest  of  the  case  being  of  ordinary  material,  poplar,  I  believe. 
The  case  is  on  rollers. 


Fig. 


I  then  ordered  five  dozen  "  Perfection"  letter  file  cases  of  standard 
size,  which  is  12x102x21  deep.  Fig.  3.  I  had  partitions  placed  in 
forty  of  them,  giving  me  eighty  divisions  of  about  If  inches  depth,  for 
ordinary  use,  the  remaining  twenty  being  full  depth  and  intended  for 
those  subjects  on  which  an  unusual  amount  of  matter  had  or  might  be 
accumulated.  The  cases  are  sufficiently  large  to  receive  any  of  the 
standard  sizes  of  catalogues  or  pamphlets.  In  fact,  there  are  but  few 
odds  and  ends  of  eccentric  shape  that  cannot  be  handled.  The  case  of 
shelves  cost  $7.00  and  the  letter  files  S16.50,  being  $2.50  per  dozen, 
with  an  extra  charge  of  ten  cents  per  case  for  the  partitions ;  a  total  of 
$23.50. 

Each  of  the  five  shelves  contains  twelve  filing  cases,  with  3  or  4 
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inches  of  space  to  spare  to  permit  easy  haadling,  as  well   as  some  over- 
crowding of  cases,  or  even  an  additional  case  on  eacli  shelf. 

Each  of  the  one  hundred  divisions  is  numbered,  and  bears  also  a 
label  indicating  its  contents.  In  my  desk  I  keep  an  index,  which  is  a 
copy  of  the  labels  on  the  individual  cases.  When  the  literature  is  re- 
ceived, it  is  first  examined  to  determine  whether  it  appears  worthy  of 
preservation.  If  worth  saving,  it  is  placed  temporarily  in  a  convenient 
drawer  in  my  desk.  When  this  drawer  becomes  filled — which  in  my 
own  case  often  happens  two  or  three  times  a  month — all  the  accumulated 
matter  is  gone  over  again  and  examined  more  carefully.  On  each 
pamphlet  which  I  decide  to  preserve,  I  mark  the  number  of  the  filing 
division  into  which  it  is  to  go.  The  whole  is  then  turned  over  to  an 
assistant,  who  files  the  pamphlets  in  their  proper  places. 

When  I  desire  to  look  up  any  particular  subject,  I  turn  to  my  index, 
ascertain  the  number  of  the  division,  and  request  an  assistant  to  bring 
me  the  proper  case.  As  my  system  of  indexing  is  alphabetical,  however, 
it  is  frequently  quite  as  convenient  to  go  directly  to  the  shelves  and  pick 
out  the  case  desired.  If  a  single  pamphlet  is  being  consulted,  it  can, 
when  I  am  through  with  it,  be  placed  temporarily  iu  the  receiving 
drawer,  if  there  is  not  time  enough  to  file  it  away  permanently. 

In  practice,  I  have  found  that  still  further  division  is  necessary  on 
some  subjects.  To  carry  these  out  I  use  large  Manilla  envelopes,  each 
bearing  a  sub-heading  corresponding  to  the  branch  of  the  subject  it 
serves. 

To  carry  out  the  system  in  its  best  shape  it  is  necessary  to  go 
through  the  cases  carefully  every  year  or  two,  making  provision  for  new 
subjects  which  have  arisen,  relieving  over-loaded  divisions,  and  weeding 
out  duplicates  and  matter  which  has  become  antiquated,  or  is  of  doubt- 
ful value 

The  system  represents  an  investment  of  but  $23  50,  but  its  value  to 
me  is  many  times  that  amount.  If  I  include  its  contents,  I  can  hardly 
place  a  value  on  it,  as  much  of  the  matter  could  not  be  replaced.  I  can 
assure  you  that  the  ability  to  put  my  hands  at  once  upon  all  the  matter 
of  this  character  which  I  have  accumulated  for  years,  on  over  one  hun- 
dred subjects,  is  a  profound  satisfaction,  and  I  feel  that  I  have  mastered 
the  pamphlet-filing  problem  for  some  years  to  come  at  least. 

A  less  elaborate  system  would  answer  for  many  engineers,  and  even 
the  small  investment  required  may  not  always  be  convenient  to  make. 
In  such  cases  the  filing  by  divisions  in  the  ordinary  flexible  letter  file, 
Fig.  1,  will  be  found  quite  inex])ensive  and  satisfactory. 
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STREAM  MEASUREME:N^TS   AXD  WATER  POWER    IX 
VIRGINIA  AND    WEST  VIRGINIA. 


By  D.  C.  Humphreys,    Member  of  the    Association  of   Engineers    of 

Virginia. 


[Read  before  the  Association,  NovemI)er  23,    1895.*] 

Those  of  this  Association  who  were  preseut  at  the  summer  meet- 
ing in  Lexington  will  remember  that  Mr.  F.  H.  Newell,  Hydrographer 
of  the  United  States  Geological  Survey,  was  present,  and  gave  us  a  talk 
on  the  work  and  methods  of  the  Survey. 

At  that  time,  no  work  in  stream  measurement  had  been  done  in 
the  Virginias,  except  along  the  Potomac  River ;  since  that  time,  at  the 
request  of  the  Survey,  1  have  undertaken  to  do  what  I  could  in  investi- 
gating the  water  resources  of  the  States  of  Virginia  and  West  Virginia 
as  far  as  the  limited  amount  of  money  that  could  be  placed  at  my  dis- 
posal for  that  purpose  would  permit. 

I  am  satisfied  that  the  work  which  has  been  begun  will  be  of  great 
value  to  the  two  States,  if  it  can  be  continued  and  enlarged.  Know- 
ing the  interest  our  Association  takes  in  all  such  investigations,  I  offer 
this  paper  as  a  sort  of  progress  report. 

The  origin  of  this  investigation  will  be  found  in  Major  J.  W.  Pow- 
ell's "  Report  on  the  Lands  of  the  Arid  Region  of  the  United  States," 
1878,  which  w'as  the  result  of  surveys  made   under  him.     In   March, 

1888,  the  Director  of  the  Geological  Survey  was  directed  to  make 
examinations  relating  to  water  storage,  the  volume  of  streams,  and 
similar  questions. 

October  2, 1888,  the  "  Irrigation  Survey  "  was  created,  and  March  2, 

1889,  it  was  extended,  but  the  appropriations  for  it  were  abruptly  cut 
off  in  1890,  after  which  date  stream  measurements  were  carried  on  only 
incidentally  along  with  the  topographical  surveys. 

On  March  18, 1894,  an  appropriation  of  S12,500  was  made  to  inves- 
tigate the  water  resources  of  the  United  States,  and  by  Act  of  March  3, 
1895,  $20,000  were  appropriated,  which  is  the  amount  available  to  June 
30,  1896. 

In  regard  to  the  work  Mr.  Newell  says:  "  In  the  attempt  to  carry 
on  work  in  all  parts  of  the  United  States,  as  well  as  to  pay  all  incidental 
office  expenses,  it  results  that  the  amount  for  any  one  locality  is  very 
small,  especially  in  the  East;  since  the  arid  regions  demand  the  larger 
share  of  attention." 

*  Manuscript  received  December  5,  1895. — /Secretary,  Ass'ri  of  Eng.  tSocs. 
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The  reasons  for  the  larger  share  going  to  the  arid  lands  is  not  hard 
to  find. 

I.  The  General  Government  owns  about  one-third  of  our  territory 
by  absolute  right,  and  the  investigation  is  calculated  to  greatly  enhance 
the  value  of  the  Government's  own  property. 

II.  The  value  of  water,  on  account  of  the  very  limited  supply,  is 
much  greater  in  the  West  than  in  the  East;  and,  to  use  the  rivers  to 
the  best  advantage,  in  the  arid  region,  it  is  necessary  that  a  comprehen- 
sive plan  should  be  adopted,  which  the  separate  States  cannot  do,  as  the 
rivers  go  from  one  State  to  another,  and  so  pass  from  one  control  and 
jurisdiction  to  another. 

III.  The  question  of  artesian  wells  and  storage  can  only  be  an- 
swered after  a  comprehensive  and  extended  survey,  and  geological  in- 
vestigation, such  as  the  U.  S.  Geological  Survey  is  now  making. 

IV.  On  account  of  the  vital  importance  to  them.  Western  repre- 
sentatives in  Congress  have  been  zealous  in  getting  appropriations  passed 
for  the  purpose,  with  the  tacit  understanding  that  the  money  should 
largely  be  spent  in  their  section ;  in  which  there  would  seem  to  be  some 
justice  since  they  have  no  harbors  nor  navigable  rivers  to  improve. 

The  complete  success  of  the  gigantic  scheme  for  utilizing  some  of 
the  power  of  Niagara,  together  with  many  even  greater  successes,  on 
a  smaller  scale,  in  transmitting  water  power  electrically,  has  turned  the 
attention  of  our  profession,  and  fired  the  imagination  of  the  general  public, 
to  the  splendid  possibilities  of  using  the  vast  wealth  of  power  which  is 
now  going  to  waste  in  our  water  courses  in  the  Appalachian  Mountains. 

The  best  water  powers  have  a  way  of  being  in  places  very  difficult 
of  access,  but  the  perfecting  of  the  alternating  motor  under  Nicola  Tesla 
and  others  has  made  all  water  power  available,  as  it  can  be  easily  trans- 
mitted to  towns  and  railway  stations.  The  cost  of  electrical  apparatus 
is  such  that  it  cannot  be  said  the  transmission  can  be  cheaply  done, 
especially  when  the  current  has  to  be  transformed  up,  then  down  again, 
which  is  necessary  if  the  distance  be  long ;  so  that  in  many  cases  the 
railway  coal  car  will  remain  the  cheapest  transmitter  of  energy. 

The  newly  acquired  importance  of  all  water  powers  has  attracted 
the  attention  of  our  public  men,  and  as  a  result  the  investigation  of  the 
water  resources  of  the  United  States  now  includes  the  East  as  well  as 
the  West,  and  especially  the  mountainous  portions  of  the  East. 

To  properly  carry  on  the  investigation  the  Survey  should  have 
enough  money,  so  that  at  least  $20,000  could  be  annually  spent  on  the 
Appalachian  region  alone.  It  is  to  be  hoped.  Congress  will  see  its  way 
clear  to  provide  for  this  work,  and  the  justice  might  be  put  on  the  same 
ground  as  it  is  in  the  far  West,  that  we  have  neither  harbors  nor 
navigable  waters  in  the  mountain  country. 
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The  value  of  this  investigatiou  of  water  power  ueed  hardly  be 
pointed  out  to  this  Association ;  still  it  will  be  proper  to  state  not  only 
what  has  been  done,  but  also  what  is  proposed,  and  what  sort  of  infor- 
mation we  hope  to  be  able  to  give  those  contemplating  the  use  of  water 
power. 

In  the  Virginias,  stations  have  been  established  and  measurements 
are  being  made :  On  the  Potomac  at  Dara  No.  6,  near  Great  Cacapon, 
W. Va. ;  on  the  South  Branch,  at  Springfield,  W.  Va. ;  on  the  main  river 
at  Cumberland,  Md. ;  on  the  Shenandoah  near  Millville,  W.  Va.  ;  on 
the  Potomac  at  the  Point  of  Rocks,  Md.,  and  at  Chain  Bridge,  D.  C. 
At  these  stations  the  work  has  been  largely  done  by  Mr.  C.  C.  Babb, 
Assistant  Hydrographer  of  the  Survey,*  who  also  assisted  me  in  selecting 
and  establishing  most  of  the  following  stations  which  I  am  now  looking 
after.  On  Neiv  River,  at  Lafayette,  W.  Va.  ;  on  the  Greenbrier,  at 
Alderson,  W.  Va. ;  on  the  James,  at  Buchanan,  Va. ;  on  North  River, 
of  the  James,  at  Glasgow,  Va. ;  on  North  and  South  Rivers,  of  the 
Shenandoah,  at  Port  Republic,  Va. ;  six  stations  in  all. 

The  observations  at  each  station  consist  of  two  parts. 

(1)  The  river  height  is  daily  read  by  a  gauge  reader,  who  lives  close 
to  the  station,  and  a  weekly  report  is  made  to  me,  which,  after  copying 
it,  I  send  on  to  Washington. 

(2)  The  relation  must  be  established  between  river  height  and  dis- 
charge per  second ;  when  this  is  once  done  all  that  is  necessary  in  order 
to  ascertain  the  quantity  of  water  flowing  by  per  second  is  to  measure 
the  river  height,  or  read  the  gauge,  then  by  a  rating  table  or  diagram 
determine  the  discharge. 

To  obtain  trustworthy  results  it  is  necessary  that  the  station  be  chosen 
at  a  place  where  the  cross-section  and  channel  above  and  below  i^hall  be 
permanent.  This  can  be  easily  done  in  the  mountains  or  rocky  country, 
while  on  the  Mississippi  and  Missouri  Rivers,  where  I  was  formerly 
engaged,  it  was  an  impossibility. 

To  establish  this  relation  between  gauge  reading  and  discharge, 
measurements  must  be  made  at  different  stages,  from  extreme  high  water 
to  extreme  low  water ;  thus  establishing  points  along  the  curve  express- 
ing such  relation.  It  is  obvious  that  for  power  purposes  the  low  water 
discharge  is  the  important  one,  and  therefore  more  measurements  are 
made  at  low  water  than  at  any  other  stage.  High  water  discharge  is 
important  as  effecting  the  elevation  to  be  given  the  buildings  above  the 
crest  of  a  newly  erected  dam,  also  as  effecting  storage. 

*  The  results  of  some  of  his  work  were  given  to  the  public  in  a  paper,  "  The 
Hydrography  of  the  Potomac  Basin,''  by  Cyrus  C.  Babb,  Transactions  of  the 
American  Society  of  Civil  Engineer.%  XXVII,  pp.  21-38,  July,  1892. 
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In  this  work  I  am  using  ono.  of  two  meters  which  are  at  my  dis- 
posal. 

(1)  A  Haskell  electric  meter,  which  is  let  down  usually  from  a 
bridge  attached  to  a  compound  electric  cable  which  serves  as  a  cord  to 
hold  up  the  meter,  as  an  electric  conductor  for  recording  the  revolutions 
of  the  wheel,  and  as  a  sounding  line,  being  tagged  with  red  and  white 
for  that  purpose.  A  heavy  weight  attached  to  the  bottom  of  the  meter 
causes  it  to  sink  nearly  vertically  in  the  water  while  the  tail  keeps  the 
wheel  pointed  towards  the  current.  The  electricity  is  furnished  by  a 
small  (2"  X  1'')  bisulphate  of  mercury  wet  battery,  which  is  a  model  of 
compactness  and  convenience,  and  it  always  works  whenever  I  have 
tried  to  use  it,  which  I  consider  a  big  compliment  to  any  field  electric 
battery.  I  can't  say  so  much  for  the  electric  part  of  the  meter,  for  I 
nearly  always  have  some  trouble  with  it,  owing  usually  to  a  little  water 
getting  into  a  place  where  it  is  not  wanted.  When,  for  any  reason  it 
don't  work  well,  it  is  a  matter  of  the  utmost  importance  not  to  be  in  any 
hurry  while  fixing  it. 

(2)  A  meter  made  by  Newton,  of  London,  such  as  is  supplied  to  the 
Admiralty,  this  one  belonging  to  Washington  and  Lee  University.  The 
registering  apparatus  is  put  in  gear  by  pulling  a  string,  and  released  by 
slacking  the  pull ;  this  makes  it  almost  necessary  to  attach  it  to  a  rod, 
so  that  it  cannot  be  used  in  measuring  from  a  bridge.  It  is  specially 
adapted  to  measuring  by  wading,  and  is  well  suited  to  work  from  a  boat. 
It  has  the  merit  of  being  simple  and  cheap,  so  that  it  can  hardly  be 
recommended  it  too  highly. 

Wherever  it  can  be  done,  a  bridge  is  selected,  because  of  the  cheap- 
ness of  gauging  from  it,  and  discharge  measurement  can  be  made  by 
one  man,  if  necessary,  while  no  more  assistance  is  needed  than  can  be 
rendered  by  a  boy.  Next  in  order  of  desirability  is  a  cable,  on  which 
a  small  car  travels,  large  enough  to  hold  one  man,  who  lets  down  his 
electric  meter  from  the  car,  while  he  gets  his  distances  from  the  bank  by 
a  tagged  wire  suspended  above  the  cable.  This  method  has  the  dis- 
advantage of  being  costly  to  construct,  but  has  the  advantage  that  you 
can  locate  it  at  a  suitable  place  for  accurate  measurement. 

In  warm  Aveather,  and  low  water  in  the  smaller  streams,  wading 
is  the  best  method. 

The  method  to  be  used  when  all  others  fail,  is  to  work  from  a  boat, 
which,  if  the  stream  be  narrow,  is  pulled  along  a  cable,  while,  if  it  be 
wide,  the  position  of  the  boat  will  have  to  be  located  by  some  indirect 
method. 

The  following  stream  measurements  have  been  made  in  the  Vir- 
ginias, not  including  the  Potomac  measurements  : 
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River. 

Locality. 

Date. 

New, 

Fayette,  W.  Va., 

July  29, 

11 

II             II 

Sept.    4, 

Greenbrier, 

Alderson,    " 

July  30, 

i< 

<(           « 

Sept.    4, 

James, 

Buchanan, Va., 

July     3, 

(( 

II           <i 
11           II 

Aug.    1, 
Sept.    6, 

North  (of  Ja 

inies). 

Glasgow,     " 

Aug.  24, 

(1 
(1 

t 

Lexington," 

II           11 

U                       II 

Aug.    2, 

Sept.    7, 

"      17, 

North  (of  SI 

lenandoali' 

),  Port  Republic,  Va. 

II            II            ii 

,,  Aug.   6, 
"     29, 

South, 

(1 

II            II             ii 

"       6, 
"     29 

" 

II 

Basic  City,           " 

"       5, 

North  Fork, 

(( 

Riverton,              " 

"       7, 

South  Fork, 

K 

«                     II 

"      7, 

Discharge,  in  cu.  Water  Power 
ft.  per  second,    per  foot  Fall. 


'95. 


7128 

3030 

457 

106 

509 

543 

397 

201 

135 

82 

81 

374 

258 

114 

87 

72 

362 

791 


810.0 

345.0 

52.0 

12.0 

57.9 

61.8 

45.1 

22.8 

15.2 

9.3 

9.2 

42.5 

29  3 

13.0 

9.9 

8.2 

41.0 

90.0 


The  measurements  made  in  the  latter  part  of  August  and  early  in 
^September,  give  the  low  water  discharge,  nearly,  except  in  the  case  of 
New  River,  which  was  on  October  4th,  two  feet  lower  than  when  it  was 
measured  September  4th. 

The  largest  power  that  I  have  seen,  and  probably  the  finest  in  the 
two  States,  is  in  the  New  River  Cation,  where  the  fall  is  over  twenty  feet 
to  the  mile,  and  the  distance  is  about  sixty-four  miles.  Taking  my 
smallest  measurement,  that  of  September  4,  1895,  the  total  horse-power 
going  to  waste  in  the  canon  is  442,300,  sufficient  to  move  about  1,000 
trains,  to  do  which  with  coal  would  require  over  1,000  tons  of  coal  per 
hour. 

This  vast  power  is  situated  in  the  midst  of  one  of  the  finest  coal 
fields  in  the  world,  where  power  from  steam  is  cheapest,  so  that  its  use 
may  be  postponed,  but  it  will  some  day  be  developed,  when  our  inex- 
haustible coal  fields  are  in  the  same  condition  that  our  inexhaustible 
forests  now  are.  But  it  may  come  sooner,  when  the  C.  &  O.  R.  R.  shall 
use  it  for  driving  its  trains  by  electricity,  and  passengers  on  the 
F.  F.  V.  can  see  Hawk's  Nest  without  getting  cinders  in  their  eyes. 
Should  this  road  use  the  New,  the  Greenbrier,  and  the  James  in 
this  way,  supplemented  by  central  steam  power  stations,  if  necessary, 
there  would  be  no  question  as  to  how  most  people  from  west  of  the 
Appalachians  would  reach  the  capital  of  their  country. 

In  this  connection  I  take  pleasure  in  saying  that  the  C.  &  O.  R.  R. 
has  shown  great  interest  in  the  work,  and  has  given  very  material 
assistance.     If  future   appropriations   permit,  the   work    will    be   ex- 
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tended  to  cover  the  entire  State ;  and  since  the  results  will  benefit  no 
interest  so  much  as  the  railways,  it  is  hoped  and  believed  that  the  other 
railways  will  help  in  collecting  trustworthy  information  about  the  water 
powers  in  the  sections  through  which  they  run. 

As  to  the  use  to  be  made  of  the  work  that  is  now  being  done,  I  can 
best  explain  by  supposing  a  manufacturer  to  be  looking  for  cheap  power. 
He  finds  a  site,  has  the  available  fall  measured  at  that  point,  and  wants 
to  know  the  quantity  of  water. '  If  he  is  on  a  stream  that  we  have  meas- 
ured and  recorded — that  is  if  he  is  at  or  near  one  of  our  stations — we 
can  furnish  him  the  water  power  for  each  day  iu  the  year  for  several 
years. 

Should  he  not  be  on  one  of  the  measured  streams,  but  on  a 
tributary,  he  has  one  measurement  made,  then  the  Geological  Survey 
will  tell  him  what  the  variations  through  the  year  will  probably  be; 
assuming  that  streams  flowing  from  similar  catchment  basins  will  vary 
with  the  rainfall  in  each.  If  the  rainfall  is  about  the  same  in  each 
basin,  the  assumption  may  fairly  be  made  that  the  tributary  will  vary 
as  the  main  stream  does.  Similar  catchment  basins  means  that  the 
geological  formations  shall  be  the  same  or  nearly  so. 

It  is  proposed  to  extend  this  branch  of  the  work  of  the  Geological 
Survey  by  making  at  least  one  measurement  of  each  river  or  creek  that 
may  be  useful  for  water  power  at  as  nearly  low  water  mark  as  possible. 
This  will  give  the  critical  point  in  regard  to  each  stream,  and  the  low 
water  ratios  being  established,  the  other  stages  may  be  estimated  with 
suflicient  accuracy  for  practical  purposes. 

In  conclusion  I  will  say  that  the  Geological  Survey  will  be  glad  to 
get  the  record  of  any  fairly  accurate  stream  measurements  that  have 
been  made,  or  any  other  trustworthy  information  in  regard  to  the 
water  power  of  the  Virginias. 
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PROGRESS  OF  THE  AMERICAN  PORTLAND  CEMENT 

IJ^DUSTRT. 


By  Robert  W.  Lesley,  Associate  Am.  Soc.  C.  E. 


[Read  before  the  Boston  Society  of  Civil  EHgineers,  November  20, 1895.'"] 

In  order  to  properly  give  some  idea  of  the  Portland  Cement  Indus- 
try in  the  United  States,  it  seems  to  be  wise,  though,  to  so  intelligent  a 
body  as  I  see  before  me,  almost  unnecessary,  to  go  into,  in  a  brief  way,  the 
distinction  between  natural  and  Portland  cements,  and  to  give  generally 
an  idea  of  exactly  what  is  meant  by  those  terms  when  used  in  connection 
with  cements.  So  also,  while  the  history  of  the  manufacture  of  cement 
in  the  world  dates  back  to  the  Roman  days,  and  is  no  doubt  familiar  to 
you  all,  yet  in  considering  the  latest  and  newest  developments  in  this 
industry  in  possibly  the  largest  cement  consuming  country  in  the  world, 
a  few  words  upon  the  history  of  cement,  both  natural  and  Portland, 
may  not  be  uninteresting. 

To  begin  with,  therefore,  I  would  say  generally  that  cements  are 
divided  into  natural  and  Portland  cements.  A  natural  cement  is,  as  its 
title  implies,  a  cement  formed  by  nature ;  that  is  to  say,  certain  argil- 
laceous limestones,  containing  varying  percentages  of  lime,  silica  and 
alumina,  are  quarried  and  without  further  manipulation  are,  in  their 
natural  condition,  calcined  in  open  lime-kilns  at  low  temperatures  The 
resultant  product  when  ground  to  powder  is  the  natural  cement  found 
on  the  market.  In  order  to  illustrate  just  what  is  meant  by  natural 
cement,  a  natural  cement  rock  of  the  Lehigh  County,  Pennsylvania, 
district  may  be  taken  as  a  sample.  The  rock  in  question,  which  is  of  a 
laminated  character,  shows  to  the  naked  eye,  and  much  more  so  under 
the  microscope,  various  laminae  or  leaves  of  varying  material ;  for  prac- 
tical purposes,  it  may  so  happen  that  one  of  these  small  layers  is  lime, 
another  alumina  and  another  silica,  or  there  may  be  a  large  layer  of 
lime,  two  layers  of  silica  together  and  a  small  layer  of  alumina.  As  can 
be  readily  vinderstood,  this  rock,  when  calcined  under  either  high  or  low 
temperatures,  will  not  under  the  heat  of  the  kiln,  combine  in  all  its 
elements  or  parts;  consequently  for  purposes  of  comparison  between 
natural  and  Portland  cement,  it  may  be  broadly  stated  that  from  20  to 
25  per  cent,  of  the  natural  cement  is  inert  or  not  in  combination.  This 
can  also  be  determined  by  synthesis  as  well  as  analysis  of  material.  By 
taking  the  portions  of  silica  and  alumina  that  should  combine  projicrly 
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with  the  lime,  it  will  be  found  that  there  are  certain  proportions  in 
excess,  and  therefore  uncombined.  These  natural  rocks  are  burned  at 
light  heat  with  coal,  and  when  drawn  from  the  kilns  are  not  very  hard 
and  are  with  comparative  ease  crushed  and  ground  to  powder.  In  this 
class  of  cements  may  be  reckoned  the  well-kuown  cements  of  the  Rosen- 
dale,  the  Potomac,  the  Lehigh,  the  Akron,  the  Louisville,  and  the  Utica 
districts ;  all  of  them  excellent  in  their  way,  and  all  of  them  having  • 
been  used  with  success  in  large  work  all  over  the  United  States. 

Portland  cement,  on  the  other  hand,  is  essentially  an  artificial  pro- 
duct.    While  in  nature  there  are  found  in  the  Lehigh  District,  at  Bou- 
logne, in  France,  in  Belgium,  and  in  small  quantities  possibly  at  one  or 
two  other  points  in  the  Southwest, natural  rocks,  which,  when  calcined  at 
high  heat,  vitrify  and  form  clinker  similar  to  the  ordinary  Portland  cement 
clinker,  yet  experience  has  shown  that  owing  to  the  changing  of  the  rocks, 
the  shifting  of  the  strata  and  the  uneven  distribution  of  the  chemical 
elements  of  the  lime,  silica  and  alumina  in  the  mass,  they  are  not  to  be  relied 
upon  to  make  cement  in  a  large  way  of  uniform  grade  and  reliable  char- 
acter.    Therefore,  going  back  to  the  use  of  the  word  "artificial,"  it  was 
found  that  to  make  cement  of  the  uniform  character  required  of  Port- 
laud  cement,  that  broadly  speaking,  it  was  absolutely  necessary  to  make 
artificially  in  some  way,  a  new  material  before  the  calcining  operation. 
In  England,  the  home  of  Portland  cement,  this  Avas  done  by  the  original 
discoverer  of  this  new  material  by  mixing  together  in  a  wet  way,  chalk 
and  the  blue  clay  or  mud  from  the  English  rivers.     In  France  the  same 
result  is  achieved  by  adding  to  the  Boulogne  material,  sufficient  amounts 
of  clay  or  chalk  to  bring  it  to  a  uniform  character,  so  far  as  chemical 
analysis  is  concerned.     In  Germany,  marls  are  added  to  clays,  lime- 
stones to  clays,  and  in  Belgium,  lime  or  clay  to  natural  cement  rocks, 
and  also  chalk  to  clay.     In  all  these  cases,  the  broad  process  has  been 
to  mix  the  two  ingredients  carrying  respectively,  first  lime,  and  second, 
the  silica  and  alumina  in  a  raw  condition,  with  water;  the  material  hav- 
ing prior  to  that  state  of  the  process  been  reduced  to  the  condition  of  a 
fine  pulp  or  powder,  according  to  whether  the  grinding  was   in  a  wet 
or  dry  way.     Tiie  material  thus  produced,  whether  by  wet  grinding  in 
the  shape  of  a  cream  or  paste,  or  by  dry  grinding  in  the  shape  of  a  mud, 
is  either  allowed  to  dry,  or  is  dried  artificially  and  is  made  into  bricks, 
blocks,  balls  or  other  forms.     This  new  artificial  stoiieas  I  shall  call  it, 
is  as  you   can  all  see  by  the  foregoing  description,  composed  of  finely 
comminuted  particles  of  lime,  silica  and  alumina,  all  in  close  mechanical 
union,  and  when  of  soluble  material  in  many  cases  in  chemical  combina- 
tion.    The  rock  which  I  take  as  an  illustration  is  from  the  Lehigh  Dis- 
trict.    It  shows  these  lamimu  of  the  various  ingredients  in  their  natural 
condition,  not  in  close  mechanical  or  chemical  union.     The  powder  pro- 
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duced  by  grinding  the  raw  rock  shows  the  same  rock,  which  is  practically, 
by  chemical  analysis,  suitable  for  manufacture  of  Portland  cement, 
broken  down  and  distributed  into  atoms  or  molecules.  The  powder  is 
mixed  with  water  and  made  into  the  form  of  bricks.  The  bricks  are 
made  up  of  small  grains  of  powder  which,  re-arranged  mechanically 
with  the  lime,  silica  and  alumina  that  were  formerly  in  separate  laminse, 
or  not  thoroughly  mechanically  combined,  now  brought  in  thorough 
mechanical  combination,  and  ready  in  this  new  form  of  a  new  artificially 
made  rock,  to  be  acted  upon  in  a  chemical  crucible.  For  further  illus- 
tration may  be  considered  the  marl  and  clay  from  New  York  State, 
which  for  practical  purposes  may  be  stated  to  represent  the  chalk  and 
clay  of  England  or  the  marl  and  clay  of  Germany.  An  examination 
of  the  materials  will  show  their  marked  differences,  while  an  examination 
of  the  brick  made  therefrom  will  show  again  a  new  rock,  with  the  ele- 
ments in  close  union  and  ready  for  the  kiln.  The  kiln  therefore,  in  the 
process  of  cement  manufacturing,  may  simply  be  considered  as  a  large 
chemical  crucible,  where  the  bricks  or  blocks  of  the  raw  material  are 
placed  between  layers  of  coke  and  where  under  the  fierce  heat  of  the  kiln 
the  material  is  brought  into  a  state  of  incipient  vitrification,  and  the 
chemical  union  is  formed  between  the  silica  and  alumina  and  the  lime, 
forming  what  may  be  called  double  silicates  or  alumina  and  lime,  though 
generally  speaking,  the  chemistry  of  exactly  what  does  happen  in  the 
kiln  is  still  an  uncertain  subject,  and  many  interesting  papers  and 
examinations  by  such  chemists  as  Fremy,  Le  Chattillier,  Feichtinger 
and  Landriu  show  many  varying  points  of  view  on  this  subject.  After 
this  calcination,  the  material  which  is  drawn  from  the  kiln,  is  in  the 
shape  of  blackish  green  masses  of  clinkers,  and  while  the  cement-mak- 
ing material  may  vary  in  many  parts  of  the  manufacture,  the  calcined 
material  or  clinker  is  as  a  generality  all  about  the  same  color,  though 
slightly  varying  in  weight  according  to  the  lightness  or  heaviness  of  the 
materials  composing  the  brick,  and  the  degree  of  the  density  of  the 
brick  before  they  are  put  in  the  kiln.  This  may  be  exemplified  by  com- 
paring samples  of  the  clinker  which  is  made  from  the  marl  and  clay 
material,  and  that  made  from  cement  rocks  and  limestones. 

The  grinding  of  Portland  cement  is  a  much  more  difiicult  matter 
than  the  grinding  of  natural  cement.  It  requires  larger  grinding  ma- 
chinery as  well  as  greater  grinding  power.  This  is  due  to  the  difference 
in  the  texture  of  the  Portland  cement  clinker  and  of  the  stone  of  the 
natural  cement  after  calcination. 

While  what  I  have  stated  may  seem  somewhat  unnecessary  to  so 
well  posted  an  audience,  it  nevertheless  will  convey,  by  means  of  an 
object-lesson  with  the  materials  befoi-e  you,  just  exactly  what  is  meant 
by  the  two  definitions  of  cement  that  we  are  all  using,  and  in  many  cases 
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possibly  without  much  thought  as  to  exactly  what  is  meant  by  them. 
So  much,  therefore,  for  the  definitions  of  cement. 

As  to  the  history  of  cement,  we  all  know  that  long  before  any  of 
us  were  born  or  even  thought  of,  the  Romans  had  some  sort  of  a  mortar 
made  from  combinations  of  lime  and  volcanic  dust,  which  was  left  for 
one  or  two  years  in  the  shape  of  a  paste  made  with  water,  and  after  it 
had  thus  thoroughly  seasoned  iu  pits  or  vats  w^as  used  in  the  work  that 
the  ancients  did  in  the  way  of  masonry.  Little  new  information  on  the 
subject  of  mortars  was  developed  in  the  world  from  that  time  until  the 
reign  of  Louis  XIV,  of  France,  when  a  new  method  of  making  mortar 
by  the  use  of  lime  hot  from  the  kilns  w^as  brought  before  him,  in  the 
shape  of  a  petition  or  address  for  recognition  of  this  new  discovery. 

In  1756,  Sraeaton,  who  in  1791  described  his  experiments  wheii 
writing  of  his  construction  of  the  Eddystone  lighthouse,  first  developed 
the  thought  which  led  to  the  discovery  of  the  ingredients  of  hydraulic 
mortar,  and  he  laid  down  the  principle  that  the  hydraulicity  of  a  lime- 
stone depends  not,  as  was  formerly  thought,  upon  its  color  or  its  texture, 
but  upon  the  percentage  of  clay  entering  into  its  chemical  composition. 
This  discovery  naturally  caused  a  general  examination  by  engineers  and 
others  of  various  limestones  and  other  materials  in  England.  Almost 
contemporaneous  with  Smeaton's  publication  came  the  patent  of  Jos. 
Parker,  who  claimed  to  make  Parker's  cement  out  of  certain  stones 
or  argillaceous  productions.  This  patent  he  followed  up  in  1796  by 
a  second  patent  for  the  use  of  the  nodules  or  "noddles"  of  clay  which 
he  found  along  the  Kentish  coast  of  England.  To  this  cement,  later 
on,  the  name  of  Roman  cement  was  given,  and  it  commanded  quite 
a  large  market  in  England.  Almost  contemporaneous  with  the  work 
of  Parker,  but  still  following  Smeaton's  great  discovery,  Lesage, 
who  was  connected  w'ith  the  French  army,  found  similar  })ebbles  or 
noddles  at  Boulogne,  out  of  which  he  made  good  quick-setting  cement 
along  iu  1796.  Chemically  speaking,  all  these  cements  so  far  men- 
tioned were  natural  cements,  and  analyzed  very  near  alike,  containing 
about  45  of  lime  to  30  of  silica  and  alumina.  In  France  also,  Vicat, 
whose  work  on  mortars  for  construction,  limes  for  construction,  betons 
and  ordinary  mortars  was  published  in  1818,  had  followed  up  Smeaton's 
discovery,  of  the  advantage  of  clay  iu  natural  limestone  to  make  such 
limestone  hydraulic — by  producing  artificial  hydraulic  limes,  by  mixing 
with  rich  lime  varying  percentages  of  clay,  doing  what  he  describes  in  his 
book  when  he  says,  "We  have  no  longer  therefore  to  attend  to  laboratory 
experiments,  but  indeed  to  a  new  art,  very  nearly  arrived  at  perfection," 
This  new  art,  which  he  describes  in  1818,  was  what  is  now  the  art  of 
making  Portland  cement,  though  he  did  not  describe  it  by  that  name, 
nor  did  he  in  his  early  experiments  arrive  at  the  final  results  which  he 


AMERICAN  PORTLAND  CEMENT  INDUSTRY.  197 

subsequently  attained.  At  or  about  the  same  time  that  Vicat  was  ex- 
perimenting, Jos.  Aspdiu,  a  bricklayer  of  Leeds,  England,  was  carrying 
on,  in  a  less  scientific  way,  a  similar  line  of  work  which  resulted  in  1824 
in  his  taking  out  a  patent  for  an  improvement  in  the  mode  of  producing 
an  artificial  stone,  which  patent  is  generally  recognized  as  the  first 
description  of  the  process  of  making  Portland  cement,  though  in  point 
of  fact  neither  the  Aspdiu  patent,  nor  that  of  Frost,  nor  St.  Leger, 
which  were  taken  out  in  England  at  or  about  the  same  time,  would 
actually  make  the  Portland  cement  of  the  present  day,  because  a  careful 
examination  of  these  patents  shows  that  they  fail  to  state  that  it  is 
necessary  to  carry  the  calcination  to  incipient  vitrifaction,  though  pos- 
sibly this  fact  may  or  not  have  been  withheld  as  a  trade  secret,  for  in 
the  early  days  of  the  cement  manufacture  in  England,  the  business  was 
invested  with  the  greatest  amount  of  secrecy.  As  a  bit  of  cement  his- 
tory it  may  be  here  stated,  that  in  the  face  of  the  greater  cost  of  produc- 
ing Portland  cement,  the  reputation  of  the  English  natural  cements  was 
so  great  that  for  several  years  after  the  establishment  of  Portland  cement 
works  the  natural  product  commanded  a  higher  price  than  the  artificial 
one.  It  may  be  interesting,  also,  to  know,  in  connection  with  all  this 
business  of  Portland  cement  making,  that  as  a  general  fact,  in  nearly 
every  case,  the  large  cement  works  of  the  world  all  owe  their  origin  to 
patents  of  some  kind.  The  great  English  works  of  J.  B.  White  &  Co. 
on  the  Thames,  of  Francis  &  Co.  on  the  Thames,  may  be  traced  to  the 
Frost  patent  of  1822  ;  the  cement  works  at  Wakefield,  England,  which 
were  established  in  1825,  and  which  still  are  in  existence,  grew  out  of 
Aspdin's  patents,  while  other  works  on  the  Thames  and  at  New  Castle 
grew  out  of  discoveries  of  a  son  of  Jos.  Aspdin  and  of  a  foreman  of  one 
of  the  original  works  started  at  the  time  of  the  Frost  patent.  This  is 
especially  the  case  with  the  Portland  cement  works  of  the  United  States. 
The  spread  of  the  cement  industry  into  Belgium  through  a  son-in-law 
of  Aspdin,  and  thence  into  Germany,  is  not  of  much  historical  interest, 
except  so  far  as  it  may  be  stated  that  Germany  to-day  is  the  largest 
producer  of  Portland  cement  in  the  world,  and  possibly  the  most  scien- 
tific manufactuier.  The  French  exploitation  of  cement  manufacture 
came  out  of  the  inventions  of  Vicat,  followed  by  the  discoveries  at  Bou- 
logne-sur-mer,  at  Vassey  and  at  Tiel. 

Having  thus  defined  the  character  of  the  cements  of  commerce  and 
briefly  given  a  history  of  how,  within  the  last  hundred  years,  these  two 
great  elements  in  the  buildiug  industry  were  discovered  and  brought 
before  the  public,  I  think  the  time  has  come  to  say  something  of  what  I 
think  is  the  most  interesting  subject,  and  that  is  the  development  of  the 
manufacture  of  cement  in  the  United  States.  This  history,  in  its  in- 
cipient stages,  almost  synchronizes  with  the  history  of  the  development 
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of  the  great  artificial  water-ways  or  canals  of  the  United  States.  When 
the  Erie  Canal  was  built,  hydraulic  mortar  was  a  prime  necessity,  and 
out  of  that  necessity  giew  the  discovery  of  cement-making  material 
near  Fayetteville,  N.  Y.,  in  1818,  and  near  Lockport,  N.  Y.,  in  1824. 
Natural  cement  is  still  made  in  these  two  districts,  which  are  known 
as  the  Onondago  Co.,  N.  Y.,  and  the  Akron,  N.  Y.,  districts,  though  the 
distinct  Akron  District  was  not  actually  opened  until  some  years  later. 
The  construction  of  the  Delaware  k  Hudson  Canal,  from  Rondout  on 
the  Hudson  to  Honesdale,  Pa.,  brought  about  the  discovery  of  the 
Rosendale  District,  where  nearly  3,000,000  barrels  of  natural  cement 
are  annually  produced,  and  which  district  was  first  opened  in  1826. 
The  Louisville  District  owes  its  discovery  to  the  Government  Canal 
which  was  commenced  in  1829,  for  the  purpose  of  facilitating  naviga- 
tion around  the  Falls  of  the  Ohio  at  that  point.  Nearly  2,000,000  barrels 
annually  are  the  output  of  that  district,  which  ranks  second  only  to  the 
Rosendale  field.  When,  in  1836,  a  canal  was  to  be  built  to  connect  the 
coal  and  mountain  district  of  Maryland  with  tide-water  at  Georgetown, 
necessity,  that  universal  mother  of  invention,  again  led  to  the  discovery 
of  cement  at  Cumberland  and  at  Round  Top,  the  present  centers  of  what 
is  known  as  the  Potomac  Cement  District.  The  well-known  cement  of 
the  West,  produced  in  the  Utica,  111.,  District,  was  discovered  in  1838, 
for  the  purpose  of  supplying  cement  for  the  Illinois  and  Michigan  Canal^ 
which  was  then  building  locks  and  bridges  in  that  vicinity.  To  the 
building  of  canals,  again,  are  due  the  construction  of  cement  works  at 
Balcony  Falls,  Va.,  which  cement  went  into  the  construction  of  the 
Richmond  &  Allegheny  Canal,  and  the  works  at  Siegfried,  Pa.,  the 
pioneer  mills  in  the  Lehigh  Valley  District,  are  due  to  the  construction 
of  the  Lehigh  Canal. 

In  addition  to  these  natural  cement  works,  due  to  the  construction 
of  canals,  may  be  mentioned  the  large  mills  at  Milwaukee,  on  the  lake 
and  rail,  and  the  works  at  Cement,  Ga.  All  these  cement  works  pro- 
duced in  the  year  1894,  nearly  8,000,000  barrels  of  natural  cement,  and, 
as  showing  the  effect  of  competition  in  this  industry,  it  may  be  stated 
that  in  1884  a  product  of  just  about  one-half  the  number  of  barrels 
yielded  as  many  dollars  as  the  entire  product  of  1894. 

The  quarries  of  all  these  natural  cements  vary  largely  in  their 
character,  some  being  mines  and  other  open-face  quarries.  The  rock 
in  some  cases  is  crystalline  and  in  others  laminated,  and  the  chemi- 
cal constituents  vary  largely  between  argillaceous  limestones  and 
argillaceous  dolomites;  in  either  case  the  process  of  manufacture  is 
about  the  same  and  is  similar  to  that  described  above.  There  are  differ- 
ences, of  course,  in  the  character  of  materials  and  analysis,  but  they  are 
almost  insignificant,  and  the  process  in  the  manufacture  of  natural  cement 
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shows  very  little  change  from  the  date  of  its  earliest  establishment  in 
this  country,  though  the  quality  has  improved  largely  and  the  cements 
have  obtained  a  great  and  well-deserved  reputation  for  uniformity  and 
durability. 

The  reputation  of  Portland  cement  in  Europe,  established  by  its 
use  in  the  London  Sewage  Department  under  John  Grant,  and  by  its 
extensive  use  on  docks  and  other  public  work  all  over  Europe,  soon 
reached  America,  through  engineering  publications  and  through  the 
practical  knowledge  engineers  had  of  it,  who  came  from  Europe  to  this 
country  to  engage  in  large  engineering  work  here.  As  far  back  as  1865 
it  was  an  article  of  importation,  and  was  used  sparingly  for  side-walks 
and  the  more  difficult  character  of  engineering  works.  The  imports 
were  small,  and  the  article  being  one  not  generally  known,  prices  were 
large  and  the  business  limited.  Attention,  however,  was  called  to  the 
material  by  the  steady  growth  of  the  imports  and  by  the  general  accep- 
tability of  this  new  article  of  trade.  Work  was  done  with  it  which 
could  not  be  done  with  natural  cement,  and  most  excellent  results  were 
obtained.  American  ingenuity,  always  ready  to  seek  new  outlets  for  its 
labor  and  for  its  capital,  soon  began  studying  the  manufacture  of  Port- 
land cement.  At  Wampum,  Pa.,  on  the  Allegheny  River,  near  Pitts- 
burg, Pa.,  cement  works  were  established  for  the  manufacture  of  Portland 
cement  from  limestone,  in  the  early  seventies.  The  location  was  admirably 
adapted  for  the  business ;  the  material  being  on  the  ground  and  a  seam 
of  coal  being  in  close  proximity.  Under  the  management  of  a  Mr. 
Shinn,  Portland  cement  of  excellent  quality  was  produced,  and  was 
exhibited  at  the  Centennial  World's  Fair,  in  Philadelphia,  in  1876. 
These  works  are  still  in  existence,  are  owned  by  the  National  Cement 
Co.  of  Pittsburg,  and  while  they  have  not  been  largely  increased,  are  still 
doing  business.  At  about  the  same  time,  Mr.  D,  O.  Saylor,  in  associa- 
tion with  Mr.  Esias  Rehrig  and  Adam  Woolever,  of  Allentowu,  Pa., 
came  to  the  conclusion  that  a  Portland  cement  could  be  made  from  the 
natural  cement  rocks  of  the  Lehigh  Valley,  which  they  at  that  time 
were  manufacturing  into  what  was  known  commercially  as  "Anchor  " 
natural  cement.  Mr.  Saylor's  first  idea  was  that  he  could  take  these 
natural  rocks  and  burn  them  at  high  temperatures  to  incipient  vitrifac- 
tion,  and  by  grinding  that  product  make  Portland  cement.  The  first 
results  justified  his  expectations — the  rock  did  clinker;  did  resemble 
Portland  cement  clinker,  and  when  ground  and  made  into  briquettes 
gave  results  on  the  testing  machine  equal  to  the  best  imported  brands. 
He  manufactured  a  large  quantity  of  it,  but  suddenly  found  he  was 
doomed  to  disappointment,  for  the  material,  owing  to  the  irregularities  in 
the  laminse  of  the  rock,  was  not  homogeneous,  and  at  long  periods  the 
briquettes,  pats,  and  work  made  with  the  cement,  all  began  to  fall  away 
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and  disintegrate.  At  that  time  he  had  a  large  stock  of  this  cement  in 
bins,  and  was  driv^en  to  his  wits'  ends  to  know  what  to  do  with  it.  He 
put  his  brains  to  work ;  had  analyses  made  of  his  rock  ;  found  that 
the  analysis  was  near  the  Portland  cement  of  commerce,  and  without 
anything  but  his  native  wit  to  guide  him,  ground  the  raw  material  into 
powder,  made  the  powder  into  brick,  sent  to  England  for  designs  of  the 
kilns  then  in  use  on  the  Medway  and  Thames,  and  actually  made  Port- 
land cement,  and,  strange  to  say,  when  later  he  came  to  look  at  the  bins 
of  damaged  cement  he  had  on  his  hands,  he  took  lumps  of  that  material 
which  had  hardened  in  the  bins,  and,  by  re-calcining  to  clinker,  made 
excellent  Portland  cement.  Cement  of  this  manufacture  was  also 
exhibited  at  the  Centennial  Exposition  of  1876,  where  both  Portland 
cements,  the  Wampum  and  the  Savior,  held  their  own  with  the  foreign 
brands  then  exhibited.  Mr.  Savior  was  assisted  in  his  work  by  Mr.  John 
W.  Eckert,  a  graduate  of  Lehigh  University,  who  was  for  many  years 
his  manager,  and  who  subsequently  became  President  of  the  American 
Cement  Co.,  at  Egypt,  Pa.,  in  close  proximity  to  Saylor's  works.  The 
works  erected  by  Mr.  Saylor  are  still  in  existence  under  the  name  of 
the  Coplay  Cement  Co.,  and  make  excellent  Portland  cement,  which  is 
sold  as  "Saylor's  Portland  Cement." 

In  the  Rosendale  District  on  the  Hudson,  a  number  of  gentlemen 
undertook  to  make  Portland  cement  out  of  Fuller's  earth  and  lime, 
under  patents  of  C.  F.  Dunderdale.  Works  were  erected,  but  it  was 
found  that  the  cost  was  so  far  out  of  proportion  to  the  price  that  could 
be  realized,  that  these  works,  which  were  established  in  1876-77,  were 
finally  abandoned,  as  were  other  similar  works  subsequently  established 
under  the  name  of  the  Walkill  Portland  Cement  Co.,  in  the  same 
district. 

The  Buffalo  Portland  cement,  of  which  small  quantities  were  man- 
ufactured for  a  few  years  along  from  1878  to  1885,  was  due  to  the  dis- 
coveries aud  patents  of  Uriah  Cutnmiugs  and  L.  J.  Bennett,  who  were 
connected  with  these  works,  and  w^ho  found  by  selecting  the  overburned 
material  from  the  common  cement  kilns  of  the  Buffalo  Cement  Co.,  a 
material  resembling  Portland  cement  could  be  made.  The  rock,  how- 
ever, was  largely  maguesian,  and  for  this  reason  no  great  quantities  of 
Portland  cement  were  made. 

The  next  large  development  in  the  manufacture  of  Portland  cement 
in  this  country  grew  out  of  patents  issued  to  E.  J.  DeSmedt,  J.  M. 
Willcox  aud  R.  W.  Lesley,  during  the  years  1883, 1881, 1885,  and  the  co- 
operation with  these  gentlemen,  of  Mr.  John  W.  Eckert,  who,  as  already 
stated,  had  been  one  of  the  pioneers  in  the  manufacture  of  Saylor's 
Portland  cement  at  Coplay.  The  American  Cement  Company  was  the 
outgrowth  of  this  combination,  and  is  to-day  the  largest  manufacturer 
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of  Portland  and  Improved  cement  in  the  United  States,  and  one  of  the 
largest  manufacturers  of  natural  hydraulic  cement.  Its  original  mill, 
the  Egypt  Portland  Cement  Works,  was  started  in  1884,  at  Egypt, Lehigh 
County,  Pa.,  and  is  still  a  large  producer  of  Portland  and  other  cements. 
Near  by,  it  has  been  supplemented  by  two  other  large  works,  under  the 
same  management,  the  Pennsylvania  I'ortlaud  Cement  Works,  and  the 
Columbia  Portland  Cement  AVorks,  while  a  fourth  works,  ow-ned  by  the 
same  company,  is  at  Jordan,  Ouandago  County,  New  York,  just  beyond 
Syracuse.  The  first  three  of  these  works  manufacture  Portland  cement 
from  natural  rocks  and  lime,  while  the  Jordan  works  produces  its  Port- 
land cement  by  an  admixture  of  marl  and  clay.  The  machinery  in  all 
these  mills  is  of  the  most  approved  character,  both  for  burning  and 
grinding,  and  four  Corliss  engines  of  600  horse-power  each,  one  Naylor 
engine  of  300  horse-power,  and  another  Corliss  engine  of  125  horse-power, 
supply  the  motive  power  to  drive  the  machinery. 

The  cement  produced  at  these  mills  is  known  as  "Giant  Portland 
Cement "  and  has  been  used  largely  on  public  work  all  over  the  United 
States. 

About  the  same  time  that  these  works  were  being  established 
Portland  cement  was  manufactured  in  a  small  way  at  Rockland,  JNIe., 
by  the  Cobb  Lime  Co.,  but  owing  to  the  cost  of  fuel  the  manufacture 
was  discontinued.  As  an  outgrowth  of  patents  of  J.  Murphy  and 
N.  Lord,  Portland  cement  works,  which  are  still  running,  were  estab- 
lished at  Columbus,  Ohio,  about  1885,  for  the  manufacture  of  Port- 
land cement  from  slag,  lime  and  clay.  In  Texas  ;  at  about  the  same 
time,  the  Alamo  Portland  Cement  Works  were  established  at  San 
Antonio,  and  produced  cement  from  an  admixture  of  a  natural  cement 
rock  and  a  species  of  chalk  there  found.  Chicago  also  entered  into  the 
business,  and  attempted  to  make  a  commercial  Portland  cement  by  im- 
porting Portland  cement  clinker  from  Europe  and  grinding  it  up  with 
raw  limestone  to  produce  a  commercial  artificial  Portland  cement;  while 
Louisville,  not  to  be  outdone,  inasmuch  as  all  the  other  natural  cement 
districts  were  experimenting  with  Portland  cement,  undertook,  under 
patents  of  Anderson  &  Brice,  to  make  Portland  cement  by  calcining,  at 
high  temperatures,  small  pieces  of  magnesian  rocks  and  also  by  com- 
bining limestone  and  marl  and  shales  for  the  same  purpose.  Colorado 
also  was  not  behind-hand,  and  works  were  established  there  for  the  pur- 
pose of  making  cement  at  Colorado  Springs,  and  also  at  Denver,  out  of 
the  sulphate  of  lime  rocks  found  near  Manitou.  One  of  these  works 
was  in  existence  until  last  year,  when  it  was  burned  down.  Two 
Englishmeu  undertook  to  manufixcture  cement  under  the  English  pro- 
cess, and  established  themselves  in  the  early  eighties  at  South  Bend, 
Ind.,  where  they  were  quite  successful  in  manufacturing  cement  out  of 
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marl  and  clay,  and  founded  a  works  which  is  still  in  existence.  Sub- 
sequently, these  gentlemen,  the  Messrs.  Millen,  were  the  pioneers  in 
opening  up  the  marl  and  clay  deposits  around  Syracuse,  where  they 
established  works  which  are  now  the  Empire  Portland  Cement  Works, 
which  they  subsequently  sold  to  build  new  works  for  themselves  further 
west,  at  Wayland,  N.  Y.  All  these  works  manufacture  cement  prac- 
tically under  the  same  general  process,  though  of  difFereut  materials, 
ranging  all  the  way  from  natural  argillaceous  limestones  down  to  mix- 
tures of  clay  and  marl.  All  of  them  use  the  same  general  form  of  kiln 
such  as  are  used  on  the  Thames  and  Medway  in  England,  and  on  the 
Rhine  in  Germany,  and  all  of  them  vary  slightly  in  the  character  of 
their  grinding  machinery.  Other  Portland  cement  works,  manufactur- 
ing cement  under  these  same  methods,  are  located  at  Siegfried  and 
Whitehall,  Pa.,  at  Bellefonte,  O.,  at  San  Diego,  Cal.,  and  at  Yankton, 
South  Dakota. 

At  about  the  same  time  the  American  Cement  Company  were  get- 
ting under  way  at  Egypt,  new  experimental  works  were  started  on  the 
Hudson  by  Jos.  F.  De  Navarro  and  others  operating  under  patents  granted 
to  Henry  Mattey  about  the  years  1885-86.  These  patents  were  for  roast- 
ing small  pieces  of  natural  cement  rocks  in  rotary  kilns,  and  calcining 
them  to  incipient  vitrifaction  at  the  great  heat  produced  by  petroleum 
vapors  injected  into  the  rotating  cylinders.  The  works  on  the  Hudson, 
by  reason  of  the  non-adaptability  of  the  materials,  proved  a  failure. 
The  particular  form  of  kilns  also  were  unsuccessful,  but  subsequently 
by  adopting  kilns  and  processes  under  inventions  of  Ransorae,  of  Eng- 
land, the  process  of  making  cement  in  rotary  kilns  began  after  its 
removal  from  the  banks  of  the  Hudson  to  Coplay  to  take  on  a  moderately 
successful  aspect.  The  calcination  of  gypsum  in  revolving  cylinders  had 
been  done  under  the  Smith  process  in  Philadelphia  with  excellent  success, 
and  Ransom's  process  was  the  application  of  this  theory  to  another 
materiivl.  Works  were  established  in  1886,  on  the  Lehigh  River,  Pa., 
and  are  to-day  manufacturing  a  large  quantity  of  Portland  cement  under 
the  name  of  Atlas  Portland.  Other  works  operating  under  different 
methods,  but  still  making  Portland  cement  under  the  rotary  process,  are 
in  existence  at  Whitaker,  N.  J.,  and  at  Vulcanite,  N.  J.,  under  the  names, 
respectively,  of  the  Alpha  Portland  Cement  Co.,  and  the  Vulcanite  Port- 
land Cement  Co.  The  cements  made  under  this  process  generally  carry 
admixtures  of  2  to  3  per  cent,  of  calcined  plaster  to  counteract  the  quick- 
setting  properties  produced  by  their  calcination,  and  they  have  not  been 
in  the  market  for  a  sufficient  period  of  time  to  thoroughly  determine 
their  permanence  and  endurance.  This,  roughly  speaking,  is  the  history 
of  the  American  Portland  cement  industry,  which  to-day  gives  employ- 
ment to  about  2,000  men,  has  20  works,  and  manufactures  about  800,000 
barrels  per  annum. 
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From  au  engiueeriug  standpoint  the  question  of  the  use  of  Ameri- 
can Portland  cement  is  naturally  a  serious  one,  inasmuch  as  the  reputa- 
tion of  the  engineer  is  measurably  dependent  upon  the  permanence  and 
stability  of  the  work  he  constructs.  In  this  connection  it  is  a  satisfac- 
tion for  the  American  manufacturer  to  be  able  to  point  to  such  records 
as  will  eliminate  from  the  mind  of  every  fair-minded  engineer  any  ques- 
tions he  may  have  as  to  the  character  of  the  materials  which  established 
manufacturers  in  this  country  seek  to  have  him  use. 

In  the  first  place,  let  us  consider  what  are  the  means  of  determin- 
ing what  a  good  Portland  cement  is,  and  what  are  the  requirements 
generally  adopted  for  the  determination  of  such  qualities.  The  first 
method  is  the  testing  for  fineness  and  tensile  strength.  This  testing 
may  be  for  short  or  long  periods,  but  the  most  convincing  proof  to  the 
engineer,  and  far  more  conclusive  than  any  of  the  ordinary  seven  and 
twenty-eight  day  tests  that  are  usually  used,  and  which  in  thousands  of 
tests  made  by  the  best  engineers  show  results  equal  to  any  foreign 
cement,  is  afforded  by  a  table  which  will  be  found  below,  showing  records 
on  800,000  barrels  of  American  Portland  cement,  used  on  five  of  the 
most  important  pieces  of  work  done  in  the  United  States,  and  carried 
out  to  a  period  of  five  years,  showing  continuous  gains  in  the  neat  and 
sand  tests  made  in  the  laboratory,  and  continuous  gains  in  all  the  sand 
tests  taken  from  the  mortar  boxes  actually  in  use  during  the  construc- 
tion of  the  work.  This  table,  which  contains  what  is  believed  to  be  the 
only  long-time  records  on  Portland  cement  in  the  world  for  similar 
quantities  and  for  as  many  different  pieces  of  work,  bears  the  most  con- 
clusive evidence  as  to  the  scientific  side,  as  well  as  the  practical  side  of 
testing  Portland  cement,  and  the  results  shown  are  certainly  conclusive 
as  to  the  reliability,  permanence  and  stability  of  the  American  Portland 
cement,  especially  as  the  works  on  which  the  cement  was  used  bear 
practical  evidence  to  the  same  excellent  qualities. 

The  second  method  of  testing  cement  is  by  chemical  analysis,  to 
determine  the  constituents  of  the  material  and  to  ascertain  whether  it 
is  properly  proportioned,  and  whether  it  has  an  excess  of  the  deleterious 
elements  of  sulphate  of  lime  and  magnesia.  Analyses  by  such  experts 
as  Reid,  Michaels,  Redgrave,  Candlot,  and  others,  may  be  taken  as 
standards  of  what  the  leading  scientists  think  are  about  the  requirements 
of  a  good  Portland  cement,  and  analyses  of  American  Portland  cements 
made  by  such  experts  as  De  Smedt,  of  Washington  ;  Faija,  of  Loudon; 
Booth,  Garret  &  Blair,  of  Philadelphia,  show  that  the  American  Port- 
laud  cements,  made  in  the  standard  way,  compare  favorably  in  all  their 
elements  with  the  analyses  of  the  best  foreign  brands,  as  made  by  the 
best  foreign  experts.  In  conclusion,  it  may  well  be  asked  what  the 
American  manufacturer  has  to  show,  outside  of  chemical  and  scientific 
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tests.  It  is  true  that  he  has  showu  that  his  cement  meets  all  the  require- 
ments of  fineness  and  tensile  strain  ;  that  it  analyzes  the  same  as  the 
best  foreign  brands;  but  this  is  not  all  that  should  be  properly  asked  of 
it.  He  should  show  where  his  cement  has  been  used,  and,  therefore,  as 
the  "  proof  of  the  pudding  is  in  the  eating  of  it,"  the  American  manu- 
facturer is  enabled  to  point  to  the  engineer  as  evidence  of  the  character 
and  stability  of  his  product  to  the  fact  that  it  has  been  used  on  such 
important  work  as  the  Eads  Jetties  at  New  Orleans ;  the  Cornell, 
Sodom,  Bog  Brook,  Craft's,  Carmel  and  Purdy's  dams  of  the  New  York 
aqueduct  system  ;  on  all  the  dams  of  the  great  East  Jersey  water 
system ;  on  all  the  dams  of  the  Scranton  Water  Co.  system  ;  on  the  St. 
Louis  Water  Works  ;  on  the  Chicago  Elevated  Railway  ;  on  Govern- 
ment Post  Office  buildings  at  Washington,  Buffalo,  and  other  cities  in 
the  United  States  ;  on  the  Manhattan  Life  Building,  Waldorf  Hotel, 
Germania  and  Hanover  Fire  Insurance  buildings,  Wool  Exchange, 
Coffee  Exchange,  and  other  large  buildings  in  New  York  ;  on  the 
Drexel  Building,  Drexel  Institute,  Harrison  Buildings,  Odd  Fellows 
Temple,  Girard  Estate  Buildings,  Girard  Trust  Co.  Building,  William- 
son School,  House  of  Refuge,  and  other  large  buildings  in  Philadelphia  ; 
on  the  large  new  East  River  Bridge  and  Third  Avenue  Bridge,  New 
York  ;  on  the  New  London  bridge,  over  Thames  River,  Conn. ;  the 
celebrated  Johnstown  Bridge  of  the  Penna.  R.  R. ;  new  Delaware  River 
bridge  of  the  Penna.  R.  R. ;  and  on  many  small  bridges  of  the  Penn- 
sylvania, Philadelphia  &  Reading,  Lehigh  Valley,  Baltimore  &  Ohio, 
Delaware,  Lackawanna  &  Western,  and  New  York  Central  Rail- 
roads; on  the  greatEast  River  Gas  Tunnel, New  York ;  on  all  the  work  of 
tunnels,  power-house  and  other  buildings  of  the  Cataract  Construction  Co., 
atNiagara  Falls;  on  the  Niagara  Power  Co.,  Niagara  Falls,  N.  Y. ;  on  the 
cable  and  underground  electric  roads  in  Pittsburg,  New  York  and  Phila- 
delphia ;  on  the  Jersey  City  Terminal  and  Station,  Jersey  City  ;  and  on  the 
bridges,  approaches  and  new  Broad  Street  Terminal  and  Station  of  the 
Pennsylvania  Railroad,  Philadelphia ;  on  the  Terminal  and  Station 
of  the  Philadelphia  &  Reading  R.  R.,  Philadelphia ;  on  the  Allen- 
town  and  Easton,  and  other  stations  of  the  Lehigh  Valley  R.  R.  and 
Philadelphia  Station  of  the  Baltimore  and  Ohio  R.  R.  It  is  on  evi- 
dence such  as  this  that  the  American  Portland  cement  manufacturer, 
with  his  works,  capital  and  labor  in  this  country,  bases  his  claim  to  the 
consideration  of  engineers,  and  points  to  as  proof  of  the  progress  of  the 
Portland  cement  industry  in  the  United  States. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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STRENGTH  OF  BRONZE  IN   COMPRESSION. 


By  S.  Bent  Russell,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  befoie  llie  Club,  October  16,  1895.*] 

In  certain  kinds  of  machinery,  where  the  wearing  parts  are  ex- 
posed to  conditions  which  would  cause  corrosion  of  iron  or  steel,  the 
engineer  often  finds  it  economical  to  make  these  parts  of  bronze,  or  to 
line  them  with  bronze  or  other  alloy.  This  is  especially  the  case  where 
the  mechanism  has  periods  of  idleness  while  the  parts  are  exposed  to  the 
corroding  conditions. 

A  good  example  of  such  machinery  will  be  found  in  sluice  gates, 
water  and  steam  valves,  etc.  Such  gates  and  valves  are  frequently 
operated  by  screws,  and  it  was  the  designing  of  such  screws  and  similar 
members  which  leil  to  the  tests  herein  given.  The  writer  has  at  times 
had  occasion  to  design  gate  stems  over  3  inches  in  diameter,  and  others 
having  a  travel  of  as  much  as  6  feet. 

Now,  in  designing  a  screw  stem  to  be  operated  by  hand-power,  it  is 
desirable  to  make  the  diameter  as  small  as  may  be,  so  as  to  reduce  the 
friction  to  a  minimum. 

The  work  in  foot  pounds  needed  to  overcome  the  friction  of  the 
thread  under  a  given  load  and  with  a  given  "  pitch,"  is  in  direct  pro- 
portion to  the  distance  through  which   the   thread    has  to  travel.     This 


*  Manuscript  received  December  13,  1895. — ISecrelanj,  Anii'n  of  Encj.  Socs. 
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distance  is,  of  course,  proportional  to  the  diameter  of  the  screw.  Hence, 
as  stated  above,  the  smaller  the  screw  the  more  easily  it  will  be  operated. 
In  the  case  of  piston  rods  too,  smaller  diameters  make  smaller 
stuffing  boxes  and  less  friction.  Moreover,  bronze  is  very  expensive 
compared  with  iron,  so  that  true  economy  calls  for  careful  designing. 
Gate  stems  and  piston  rods,  when  properly  designed,  will  fail  in  com- 
pression rather  than  in  tension.  What  the  designer  needs,  then,  is  a 
rule  or  rules  for  finding  the  strength  of  bronze  column?^.  On  the  other 
hand,  while  many  tests  of  bronzes  in  tension  have  been  made  and  pub- 
lished, very  little  study  appears  to  have  been  given  to  the  strength  of 
bronze  in  compression. 

Table  I. 
TENSION  TESTS   OF  BRONZE. 


X   =  S 

Per  (-cnt. 

top  S 

of  HloDgation. 

Tobin  Bronze     .    .  486*  1.250  66IS0  53000  36.3  in  4  indies 

.    .  487t  1.049  6SSS0 22.9 

"  .    .  490  0.872  ()24S0  49400  31.2  in  6  inches    44.4 

"  .    .  520  0.869  63200  .    .  31.0 

Phosphor  Bronze  .  488  1.000  28540  15900  12.7         " 

"  .  521  1.000  28090  .    .    .  14.0 

No.  85  Composition  489  1.000  30060  12000  12.0 

519  1.000  30060  .    .  11.5        " 


44.2 

14170000 

20.1 

15.9 

10510000 

19.1 

16.4 

10700C00 

*  Broke  in  grip. 

t  Stud  bolt  with  thread  and  nuts. 

Enough  has  been  said,  however,  to  slunvthe  reasons  for  making  the 
tests  herein  described,  and  to  justify  the  writer  in  publishing  this  article. 

Consulting  well-known  authorities  we  learn  that  to  arrive  at  the 
strength  of  a  column  we  must  have  the  compres.sive  strength  of  the 
material,  and  also  the  elastic  limit  and  modulus  of  elasticity.  In  long 
columns  the  rigidity  of  the  material  is  a  very  important  factor. 

Not  being  satisfied  with  the  data  obtainable  in  books  of  reference, 
the  writer  was  impelled  to  order  the  tests  herein  described. 

Three  kinds  of  bronze  are  now  in  general  use  by  the  Water  Works 
Department  of  St.  Louis,  viz. : 
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Tobin  bronze,  wbich  comes  iu  rolled  rods.  Phospbor  bronze,  wbich 
may  be  cast  in  any  form.  And  thirdly,  a  composition,  made  of  85  parts 
of  copper,  10  parts  of  tin,  and  5  parts  of  zinc,  wbich  also  may  be  cast 
in  any  form. 

To  prepare  for  the  tests,  11  or  12  test-bars  of  each  kind  of  metal 
were  obtained.     To  show  the  quality  of  the   metal  by  ordinary  stand- 


O.IS       0.2fc      0.3;?     0.4 


i.-i%    i.3r.    1.4:; 


0.5!?     0.65?      0.1%      OM     0.9;^^     I.O;;      l.l^i 
Pit  pent  Elongatlitn  on  fi  U-ngth 

Fjg.  1. 

ards,  two  bars  of  each  kind  were  turned  down  f  jr  tension  tests,  and  the 
strength  and  elasticity  of  the  metal  iu  tension  were  determined,  and  also 
the  ductility  and  reduction  of  area. 

The  remaining  test-bars   which  were  all  1 1   inches  in  diameter  and 
15  inches  long,  were  tested  in  compression  to  failure.     The  Tobin  bronze 


no 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


o  o  o 
o  o  o 
o  o  o 
o  o  o 
o  cc  cr. 
(M  crs  o 


o  oo 
coo 
oo  o 
o  o  'o 
^  cc  00 
-f  t-  o 

-M  —  fM 


3"  :;  ^ 

o 

8 

OC  -^i  o 
CO  «^  o 

CC!M  CO 

890( 

o  =  o 

cc  --C  I-- 

GC    J.   Jj 

1150( 

ooo 

cc  T  -O 

05  —.  O 

■'^1>->.T, 
JO  .loqtunx    1 

- 

•      •  <M 

>— 1 

o\ 

- 

<M 

cs 

K  Z.- 

o 

OOO 

o 

o 

o  o 

o 

— 

o  o 

— 

—  y^  "" 

o 

o  o 

i-H 

o 

ooo 

c 

.  r 

rf 

CO  -f 

(M 

o 

I-  o 

CO 

■c 

>^ 

.—  ^  ^ 

O 

O  CO 

o 

lO 

t^ 

CO  I- 

>o 

w 

iC 

•c 

^ 

'^i 

"=tl  CO  CO 

•—1 

•—< 

— ' 

>— 1 

— 

>— 1 

^ 

^  — M 

'1*9X 

•  CO 

1^ 

JO  .  8<iinnx 

^■'^     .y,   — 


O  O  lO 

■^  o  — 

»C  O  CO 

ao  00  X' 

(M  C<l  ?1 


OOO  ooo 

o  —  o  o  o  2 

S  t-  CO  ooo 

1— I  ^^  — I  CO  CO  CO 


H 

-!! 

c/; 

H 

W 

—I 

c& 

o 

"^ 

S3 

-< 

.« 

^ 

D 

aj 

JO  joquinKj 


=  -  a> 


5    2    ri" 

■^     =     Qi 


60 


.S  s 


S  n    . 
3  r  o) 

-   c   Ji 


C    S    OS 


K 


O) 


2   c    a; 


Kiiiil  of  Stress. 

Compression. 
Tension. 

E 

Tension. 
Compression. 

Kind  of  Hroiizo. 

( 

! 

( 

; 
P 

c. 

> 

5 

H 

3 

H 

No.  85  Composition. 

STRENGTH  OF  BRONZE  IN  COMPRESSION. 


!ll 


samples  were  sim[)ly  cut  from  rolled  1 1  inch  rods,  while  the  others  were 
east  and  turned  down  to  11  inch  ;  all  were  cylindrical,  with  flat  ends. 

Two  compression  bars  of  each  metal  were  tested  carefully  witii  an 
extensometer,  so  as  to  obtain  a  strain  diagram. 

Table  I  shows  the  results  of  the  tension   tests,  and  this  table,  with 
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the  strain  diagrams  shown  on  Figure  1,  gives  a  complete  report  of  the 
tests  made  in  tension. 

Table  II  gives  a  summary  of  all  the  tests  of  the  three  metals,  both 
in  compression  and  tension,  and  is,  we  may  say,  the  important  feature  of 
this  paper. 
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Ill  both  of  the  above  tables,  tlie  writer  has  used  the  expression 
"  prox.  elastic  limit,"  to  signify  the  point  at  which  the  stretch  or  com- 
pression of  the  bar  can  be  observed  with  the  dividers.  This  point  has 
been  known  as  the  "  elastic  limit  "  by  some,  and  has  been  termed  the 
"yield  point"  by  others,  to  disLinguirfh  it  fro:n  the  true  ela-tic  limits 
which  in  many  materials  can  only  be  determined  by  a  study  of  tlie  strain 
diagram. 

Figure  2  gives  one  strain  diagram  of  each  metal  in  compression. 
In  each  case,  the  two  diagrams  of  the  same  metal  were  ])racticall3'  iden- 
tical, hence,  to  repro  luce  them  all  would  add  nothing  to  the  reader's 
profit.  A  glance  at  this  plate  will  give  a  good  idea  of  what  difference 
there  is  in  the  nature  of  the  three  metals. 

As  these  bars  wer3only  12  diameters  in  length,  and  had  flat  ends, 
they  may  fairly  be  considered  as  short  columns.  The  results  obtained 
directly  from  these  tests  may  be  used  for  short  columns,  and  will  probably 
be  of  value  to  the  designer. 

The  reader  will  note  the  difJerence  between  these  strain  diagrams 
and  those  given  by  wrought  iron  and  steel  which  show  a  well-defined 
yield  point.  It  is  noteworthy  too  that  the  difference  between  the  slope 
of  the  line  at  the  true  elastic  limit  and  the  slope  at,  or  rather  just  below 
the  "  prox.  elastic  limit,"  is  more  marked  in  the  case  of  these  alloys 
than  it  is  in  the  wrought  iron  or  steel  strain  diagram. 

In  connection  with  the  observed  facts  herein  described  it  was  thought 
proper  to  furnish  some  deductions  showing  the  strength  of  long  columns 
of  bronze.  In  the  absence  of  direct  experiments  on  long  columns  the 
designer  must  be  content  with  the  probable  values  obtained  by  the  use 
of  more  or  less  rational  formulas. 

For  very  long  columns  the  maximum  load  can  be  definitely  deter- 
mined by  the  use  of  Euler's  rational  formula.* 

When  p  =  safe  load  of  column  in  lbs.  per  sq.  in. 

, o  £■"=  modulus  of  elasticity  in  lbs.  per  stj.  in. 

I      I  '  ^=  length  of  column  divided  by  least  radius  of 

'>'  gyration. 

Plotting  the  maximum  loail  and  the      as  co-ordinates  we  obtain  a 

r 

curve  which   is  applicable  whenever  the  maximum  load  per  square  inch 
of  section  falls  below  the  true  elastic  limit  of  the  material. 

We  now  know  the  strength  of  short  columns  and  the  strength  of 
very  long  columns.  It  only  remains  to  find  the  strength  of  columns  of 
medium  Icuirth. 


■•■All  columns  are  assumed  to  l)e  symmetrical  in  cross-section  and  symraetri- 
callv  loaded. 
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To  do  this  the  writer  has  made  use  of  a  modification  of  the  well- 
known  Gordon  formula  so  as  to  obtain  a  curve  which  would  agree  with 
Euler's  formula  at  the  true  elastic  limit,  and  would  agree  with  the 
observed  strength  of  short  columns  when     =  0, 

Table  III. 

BRONZE  COLUMNS— FLAT  ENDS. 

Data  used  iu  computing  Table  IV. 


ritiniate  Strcngtii, 

I'oumls  per  True  Elastic  Limit. 

Scjuare  Incli. 


Tobin 

Phosi)hor     .... 
No.  So  C'oni|)ositI()n 


42500 
ISOOO 
18000 


Modulus 
of  Elasticity. 


E. 


15000000 
14000000 
12000000 


Table  IV. 

ULTIMATE  STRENGTH  OF  BRONZE  COLUMNS  WITH  SYMMETRICAL 

SECTIONS  AND  SYMMETRICAL  LOADING. 


Flat 
Ends. 

Pounds  per  Square  Inch. 

Pivoted  Ends. 

Cylindrical  Columns  with 
Circular  Cross-Sections. 

/         1 

Toliin. 

No.  8 ) 

1 
r 

I* 
d 

r        1 

inospnoi.        Composition. 

Flat  Euds. 

Pivoted 
Ends. 

1 

2 

3 

4 

5 

6 

7 

24 

42400 

18000 

18000 

12. 

6. 

3. 

40 

41800 

17900 

17900 

20. 

10.                            5. 

48 

41400 

17900 

17900 

24. 

12.                      6. 

56 

40700 

17800 

17800 

28. 

14.                      7. 

64 

39900 

17700 

17600 

32. 

16.                      8. 

SO 

37700 

17400 

17300 

40. 

20.                    10. 

106 

32800 

16700 

16400 

53. 

2650                 13.25 

120 

29700 

16200 

15800 

60. 

30.                     15. 

140 

25300 

15300 

14700 

70. 

35.                    17.50 

160 

21100 

14200 

13500 

80. 

40.                    20. 

180 

17400 

13000 

12200 

90. 

45.                    22.50 

200 

14200 

11800 

1 0900 

100. 

50.                     25. 
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12500 

11000 

10100 

106.50 

53.25                 26.60 

223 

11300 

10400 

9500 

111.50 

55.75                27.90 

248 

8870 

9000 

8070 

124. 

02.                     31. 

280 

6580 

7380 

6500 

140. 

70.                     35. 

300 

5510 

6500 

5660 

150. 

75.                    37.50 

=  length  measured  iu  diameters 
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It  is  not  necessary  here  to  go  iuto  a  mathematical  discussion  on 
cohimn  formulas.  There  is,  however,  a  way  of  testing  such  a  curve 
mathematically  which  will  show  it  to  be  near  enough  to  the  ideal  curve 
for  all  practical  purposes. 


Ultimate:    Strength 
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Fig.  3. 


From  such  formulas  the  values  given  in  columns  2,  3  and  4  of  Table 
IV  were  computed,  using  the  data  shown  in  Table  III.  Plottii  g  the 
values  of />  obtained  from  the  formulas  to  the  corresponding  values  of 
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the  ratio    -  we  get  the  curves  shown   on   Figure  3.     Tlie  strength  of  a 

column  with  pivoted  ends  may  he  taken  as  equal  to  the  strength  of  a 
flat-end  column  liaving  twice  the  length. 

In  using  the  diagram  (Figure  3)  and  Table IV,  the  designer  should 
of  course  kee})  in  mind  that  the  values  given  are  obtained  by  deduction 
from  the  strengtii  and  elasticity  of  shoi't  columns,  and  should  use  wliat- 
ever  factor  of  safety  his  judgment  dictates.  In  the  case  of  the  Tobin 
bronze  it  is  well  to  remember  also  that  smaller  rods  require  more  roll- 
ing and  are  usually  tougher  than  large  rods. 

It  is  interesting  to  note  iVom  the  diagrams  and  tables  that  short 
columns  of  Tobin  bronze  are  much  superior  to  similar  columns  of  the 
other  metals.  For  very  long  columns,  however,  the  metals  show  nearly 
equal  strength. 

The  principal  value  in  the  deducticuis.  herein  given  comes  from  the 
fact  that  they  are  based  on  experiments  with  true  short  columns,  and 
not  on  the  crushing  strength  of  cubical  or  nearly  cubical  specimens.* 
Figure  4  is  given  herewith  to  show  the  shape  after  testing  of  the  small 
columns  used  in  the  experiments. 


COMPOSITION 
lilAX  LOAD  PER  SQ.  INCH  -- 18450  LBS  . 


TOBIN  BRONZE 
MAX  LOADPCR  SQ  INCH-^334Q  LBS 


phosphor  bronze 
max  load  per  sq  inch  =  180^0  lbs- 
Fig.  4. 


*  In  tlie  discussion  of  the  paper  Prof.  J.  B.  Johnson  called  attention  to  the 
fact  that  tlie  crushing  strength  of  a  specimen  nearly  cubical  in  form,  of  metal  like 
bronze,  coi)])er  or  lead,  is  in  reality  indeterminate,  as  the  material  will  flow  without 
true  crushing. 
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THE    PRESENT   EL  llOPEAX  I»KACTICE   IX   REGARD  TO 
SEWAGE   DISPOSAT^. 


Bv  Allkn  Hazex,  ^Iemukr  of  the  Boston  Society  of  Civil  Engineers. 


[Read  before  tlie  Society,  October  16,  1895.*] 

The  countries  of  western  and  central  Europe  have  a  denser  popu- 
lation than  is  the  case  with  the  greater  part  of  the  United  States,  and 
although  their  cities  are  growing,  in  many  cases,  almost  as  rapidly  as 
ours,  there  have  been  for  many  years  in  Europe  centers  of  population 
which  compelled  attention  to  variou.<  sanitary  questions  long  before 
corresponding  issues  were  rai.sed  in  the  United  States,  and  processes  of 
sewage  purification  have  been  in  common  use  in  Europe,  particularly  in 
England,  for  the  last  quarter  of  a  century,  which  are  just  beginning  to 
be  seriously  considered  and  adopted  in  the  United  States. 

It  is  of  course  true  that  a  certaiu  amount  of  work,  particularly 
experimental  work,  has  been  done  in  the  United  States  which  is  of  as 
higli  a  grade  as  that  which  has  been  done  anywhere,  and  some  of  the 
information  which  has  been  secured  in  America  in  regard  to  sewage 
purification  processes,  and  the  disposal  of  sewage  by  dilution  in  streams 
and  lakes,  is  of  great  value  to  us  and  could  not  be  replaced  by  any 
amount  of  European  experience  obtained  under  other  conditions  of 
climate  and  geology  ;  but  on  the  other  hand,  the  continued  experience  of 
European  cities  for  a  long  series  of  years  with  many  of  the  problems 
which  are  now  seriously  confronting  American  cities  has  resulted  in 
the  accumulation  of  a  fund  of  information  which  deserves  to  be  most 
carefully  studied  by  all  who  would  be  proficient  in  the  art  and  science 
of  sewage  disposal. 

There  are  in  reality  two  sewage  disposal  problems  which  are  radi- 
cally different  from  each  other  in  their  natures  and  which  present  them- 
selves in  different  cases.  The  first  of  these  is  the  case  of  the  discharge 
of  sewage  into  bodies  of  Avater,  either  lakes  or  rivers,  from  which  water 
is  taken  for  domestic  supply  from  points  which  may  be  reached  by  the 
discharged  sewage.  The  problem  presented  in  this  case  is  to  so  com- 
pletely j)urify  the  sewage  that  when  mixed  with  the  water  it  will  not  be 
injurious  to  health.  Years  ago,  before  the  germ  theory  of  disease  was 
established,  the  possibility  of  purifying  sewage  in  this  way  would  hardly 
have  been  admitted,  but  thanks  to  the  more  recent  German  and  English 
investigations,  as  well  as  to  the  experiments  of  our  own  [Mass.]  State 

*  Manuscript  received  December  24,  1895. — Secretary,  Ass'n  of  Eng.  Socs. 
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Board  of  Health,  it  is  now  well  known  that  it  is  entirely  possible  to 
accomplish  this  through  the  wonderful  purifying  power  of  sandy  soils 
under  proper  conditions  ;  and  it  is  actually  a  fact  that  the  effluents  from 
certain  European  sewage  works,  as  well  as  from  some  of  the  purification 
fields  in  Massachusetts,  are  preferable,  from  a  hygienic  standpoint,  to  the 
public  supplies  of  a  number  of  large  American  cities. 

The  second  problem  in  sewage  purification  is  that  of  so  purifying 
sewage  that  it  will  not  cause  a  nuisance  in  the  water  into  which  it  flows. 
When  a  small  quantity  of  sewage  is  discharged  into  a  large  volume  of 
pure,  or  comparatively  pure  water,  the  organic  and  polluting  matters 
of  the  sewage  are  oxidized  and  destroyed  by  the  oxygen  of  the  air 
which  is  ordinarily  contained  in  solution  in  the  water  into  which  the 
sewage  is  discharged.  In  case,  however,  the  quantity  of  sewage  becomes 
greater  than  can  be  oxidized  at  once  by  this  oxygen,  the  last  part  of 
the  decomposition  of  the  organic  matters  takes  place  in  the  absence  of 
air,  and  with  the  formation  of  products  which  are  given  off  into  the  air 
causing  objectionable  odors,  and  the  whole  body  of  the  liquid  becomes 
foul.  The  condition  becomes  still  worse  when  the  water  is  still,  or  has 
so  low  a  velocity  that  it  allows  the  heavier  matters  from  the  sewage  to  be 
deposited  upon  the  bottom,  where  they  accumulate  as  masses  of  mud 
which  decompose  with  the  most  objectionable  results.  This  condition  of 
affairs  may  often  result  even  though  the  quantity  of  sewage  is  not  great 
enough  to  render  the  whole  body  of  the  water  offensive,  and  is  thus 
likely  to  occur  in  sluggish  streams  which  would  otherwise  remove  the 
sewage  without  nuisance. 

It  is  undoubtedly  a  fact  that  sewage  has  been  purified  much  more 
frequently  to  prevent  the  production  of  a  nuisance  of  this  kind  than  to 
protect  the  purity  of  drinking  water  supplies,  perhaps  because  a  black 
dirty  stream,  giving  off  sulphureted  hydrogen  gas,  is  more  obviously  a 
nuisance  than  is  a  polluted  water  supply,  the  relation  of  which  to  the 
health  of  the  community  is  too  often  but  imperfectly  realized  even  by 
those  having  such  matters  in  direct  charge,  and  much  less  by  the  mass 
of  voters  and  tax-payers  whose  support  must  be  obtained  before  any 
expensive  improvements  are  possible. 

The  processes  which  are  used  for  purifying  sewage  may  be  divided 
into  two  general  classes:  land  treatment  and  chemical  processes,  although 
a  combination  of  both  of  them  is  frecjuently  used.  The  principles  in- 
volved in  purifying  sewage  by  applying  it  to  land,  are  essentially  the 
same  whether  it  is  applied  to  soils  and  loams  at  a  very  low  rate  and 
with  a  growth  of  crops  under  the  name  of  "  broad  irrigation,"  or  whether 
it  is  applied  to  specially  prepared  areas  of  favorable  materials  at  much 
higher  rates  under  the  name  of  "intermitting  filtration  ;"  and  even  the 
filtration  at  very  high  rates  with  forced  ventilation,  which  has  recently 
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been  proposed,  but  has  not  as  yet  been  carried  out  on  a  large  scale,  in- 
volves exactly  the  same  principles. 

The  other  class  of  processes  are  those  which  by  chemical  and 
mechanical  means  attempt  to  remove  from  the  sewage  in  concentrate 
form  a  portion  of  its  impurities,  and  although  the  number  of  processes 
which  might  be  included  in  this  general  definition  is  very  great,  none 
of  them  have  achieved  practical  success  except  such  as  can  properly  be 
called  "chemical  precipitation.'' 

One  of  the  most  interesting  cases  where  sewage  is  purified  to  pre- 
vent the  pollution  of  public  water  supplies,  is  furnished  by  the  cities  and 
towns  upon  the  water.-^iieds  from  which  the  water  supply  of  London  is 
drawn.  Conservancy  J^oards  have  control  of  the  rivers,  and  it  is  their 
duty  to  see  that  they  are  not  polluted  so  as  to  affect  the  qualitv  of  the 
water  supplies  drawn  from  them,  or  become  otherwise  injurious  to  the 
people  upon  their  banks.  The  Conservancy  Board  of  the  River  Thames 
has  control  of  the  main  river  for  its  whole  length,  and  of  its  tributaries 
within  ten  miles  of  tlie  main  river  measured  in  a  straight  line,  but  curi- 
ously enough,  it  has  no  control  of  the  tributaries  beyond  that  distance. 
The  Conservators  of  the  River  Lea  have  control  of  the  entire  water- 
shed. 

Thei-e  are  thirty-nine  places  upon  these  two  rivers  which  are  giving 
their  sewage  systematic  treatment,  and,  so  far  as  known,  no  crude 
sewage  is  ordinarily  discharged  into  the  rivers  at  any  point.  Of  these 
thirty-nine  places,  thirty-eight  treat  their  sewage  by  applying  it  to  land, 
while  oile  of  the  smaller  places,  Hertford,  uses  chemical  precipitation. 
The  Conservators  do  not  regard  the  chemical  precipitation  as  satisfac- 
tory, and  have  recently  conducted  an  expensive  lawsuit  against  the  local 
authorities  to  compel  them  to  further  treat  their  effluent,  but  this  suit 
was  lost,  as  the  court  held  that  no  actual  injury  to  health  had  been 
shown.  It  is  worth  noticing,  however,  that  the  water  into  which  the 
effluent  is  discharged,  is  all  carefully  filtered  before  it  is  delivered  to 
consumers. 

The  Conservators  require,  w'here  land  treatment  is  used,  that 
sufficient  area  shall  be  provided  to  allow  all  of  the  sewage  to  percolate 
through  it  in  ordinary  weather,  and  they  strongly  object  to  allowing 
any  sewage  to  flow  over  the  surface  of  the  land  into  the  streams.  The 
land  used  for  this  purpose,  however,  is,  as  a  rule,  much  less  porous  than 
the  land  commonly  used  for  sewage  treatment  on  Continental  Europe 
and  in  this  country;  and  at  times  of  heavy  storms  the^e  is  often  as 
much  water  from  the  rain  alone  as  the  laud  can  take  without  becoming 
unduly  flooded,  and  it  is  then  incapable  of  receiving  even  the  ordinary 
quantity  of  st-wage,  and  much  less  the  storm  flow,  as  the  sewers  are  gen- 
erally, if  not   always,  on  the  combined  system.     At   such   times,  the 
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sewage  either  flows  over  the  surfjice  of  the  land  with  the  very  inadequate 
purification  due  to  the  retention  of  solid  matter  in  the  giass  and  osiers, 
or  perhaps  more  frequently  it  is  discharged  directly  into  the  riveis 
without  even  a  pretense  of  treatment.  The  Conservators  apparently 
regard  this  as  an  unavoidable  evil  and  do  not  vigorously  oppose  it,  as 
it  is  their  theory  that  at  these  times  the  increased  dilution  with  the 
high  water  in  the  rivers  is  such  that  there  is  no  great  danger  from  the 
sewage,  although  it  would  seem  that  the  increased  velocity  and  conse- 
quent reduction  in  time  for  the  matters  to  reach  the  water  works  intakes 
would,  in  a  large  measure,  counterbalance  the  increased  dilution. 

The  water  companies  are  expected  to  have  so  much  storage  capacity 
for  unfiltered  water  that  they  will  not  be  obliged  to  take  in  water  at  times 
of  flood;  but  as  a  matter  of  fact,  it  is  believed  that  they  often  do  take 
in  water  at  these  times,  although  no  records  are  ke|)t  either  of  the  times 
wdien  water  is  taken  in,  or  of  the  times  when  the  sewage  is  discharged 
without  treiitment.  This  is  one  of  the  cases  which  one  so  often  finds  in 
England  and  elsewhere,  where  it  is  regarded  as  safer  to  have  no  informa- 
tion than  to  keep  records.  It  should  be  said,  however,  that  no  evidence 
has  been  found  that  the  health  of  the  inhabitants  of  London  is  in  any 
way  afl^ected  by  this  discharge  of  sewage  into  the  water  courses  from 
which  their  water  is  drawn  ;  but  this  favorable  condition  is  believed  to 
be  largely  due  to  the  great  care  with  which  all  of  the  water  is  filtered. 

The  cases  of  the  other  class  where  sewage  is  purified  to  prevent  its 
becoming  a  nuisance,  but  without  regard  to  possible  pollutions  of  water 
supplies,  are  very  numerous.  Many  years  ago  England  took  the  lead 
in  works  of  this  nature,  and  has  at  the  present  time  probably  a  larger 
number  of  works  than  are  to  be  found  in  all  the  rest  of  the  world. 

England  has  a  very  dense  population,  but  it  is  far  from  being 
equally  distributed  over  its  entire  area  Near  the  southeast  corner,  on 
the  tidal  estuary  of  the  Thames,  is  that  enormous  aggregate  of  popula- 
tion known  as  "Greater  London;"  and  in  central  England,  directly 
back  of  England's  greatest  harbor,  Liverpool,  is  a  small  area  which  has 
become  perhaps  the  most  densely  populated  of  any  region  of  its  size  on 
the  face  of  the  earth,  due  to  the  harbor  and  to  the  deposits  of  coal  and 
iron  ore  which  there  occur.  Within  a  distance  of  forty  miles  from 
Manchester  are  Liverpool,  Salford,  Bolton,  Pret-ton,  Oldhani,  Blackburn, 
Huddersfield,  Birkenhead,  Leeds  and  Sheffield,  all  of  them  great  cities, 
and  a  hundred  smaller  places  which  so  completely  fill  the  intervening 
spaces  that  parts  of  the  region  have  almost  the  aspect  of  one  great  ex- 
tended city.  A  large  part  of  the  area  is  a  broken  hilly  country,  with 
steep,  although  not  high  hillsides,  between  which  ai-e  narrow  valleys  in 
which  are  the  railroads,  mines  and  factories.  The  rivers,  as  they  are 
called,  are  but  short  streams  rising  in  the  hills  immediately  back  of  the 


220  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

cities,  and  iiiaiiy  of  them  would  hardly  be  dignified  with  the  name  of 
river  in  this  country. 

With  the  great  development  of  manufacturing,  the  sewage  and 
wastes  were  at  first  discharged  directly  into  the  streams  until  they 
became  excessively  foul,  and  the  sewage  problem  was  forced  upon  them 
in  perhaps  its  most  difficult  form.  There  were  but  limited  areas  of  land 
in  the  valleys  with  elevations  which  would  allow  their  use  for  sewage 
purification,  and  even  these  areas  were  often  occupied  by  mills,  or  held 
at  high  prices  in  expectation  of  such  use,  and  the  land  itself  was,  as  a 
rule,  compact,  impervious  and  but  poorly  adapted  to  sewage  purification. 
The  conditions  in  this  region  were  probably  more  favorable  for  chemical 
precipitation,  as  against  laud  treatment,  than  at  almost  any  other  place, 
and  chemical  prGci})itation  has  been  the  most  commonly  used  method  of 
treatment,  Leeds,  Sheffield,  Bradford,  Manchester,  Salford  and  Hudders- 
field  among  the  larger  places  using  it.  Chemical  precipitation,  however, 
although  great  improvements  have  been  made  in  the  form  of  settling 
tanks  and  in  the  methods  of  managing  them,  removes  scarcely  more 
than  one-half  of  the  organic  matters  in  the  sewage  and  never  more  than 
two-thirds,  and  the  effluents  generally  carry  on  an  average  from  two  to 
five  parts  per  hundred  thousand  of  suspended  matters  capable  of  form- 
ing deposits  in  the  streams;  and  it  has  been  found  that  effluents  purified 
to  only  this  extent  are  very  apt  to  produce  more  or  less  trouble  when 
discharged  into  such  small  streams  as  exist  in  this  region,  and  it  is 
becoming  more  and  more  apparent  that  some  more  thorough  process  will 
be  required  before  the  problem  can  fairly  be  considered  solved. 

Already  much  has  been  done  in  this  direction.  At  Sheffield  the 
effluent  is  taken  through  coke  filters  at  a  very  high  rate,  and  a  portion 
of  the  suspended  matters  in  the  effluent  is  thus  removed,  although  the 
purification  obtained  is  far  from  what  might  be  desired.  This  use  of 
coke  for  filtering  material  has  this  strong  point  in  its  favor,  that 
when  the  coke  becomes  dirty  it  can  be  burned  with  the  matters  accu- 
mulated in  it  under  the  boilers  that  are  sure  to  be  in  use  at  the  works. 
At  Huddersfield,  the  effluent  is  filtered  through  sand  and  a  patented 
substance  called  "  polarite,"  with  the  result  that  most  of  the  suspended 
matters  are  removed,  although  the  dissolved  organic  matters  hardly 
have  time  to  become  oxidized  with  the  rapid  filtration  employed. 

At  Bradford  and  at  Salford  experiments  have  been  made  on  a  con- 
siderable scale  with  rapid  filtration  through  sand  or  coke,  and  forced 
aeration  has  also  been  experimented  with  in  the  endeavor  to  find  a  pro- 
cess which  is  at  once  very  rapid  and  capable  of  yielding  effluents  com- 
parable in  purity  to  those  obtained  from  land  treatments.  This  question 
of  further  purification  for  chemical  precipitation  effluents  is  now  being 
everywhere  discussed,  and  experimental  filters  are  to  be  found  with  a 
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surprising  frequency,  and  we  may  confidently  expect  that  the  coming 
years  will  witness  great  changes  in  the  methods  of  sewage  treatment  in 
this  locality. 

A  little  to  the  south  of  the  Manchester  district  is  Birmingliam,  a 
great  manufacturing  city,  which  treats  its  sewage  first  by  chemical  ])re- 
cipitation,  and  afterwards  applies  the  elHuent  to  a  large  area  of  meadow 
laud  on  both  sides  of  the  small  river  into  which  it  eventually  finds  its 
way.  Leicester,  a  few  miles  to  the  east,  uses  substantially  the  same 
process. 

At  London  the  sewers  from  a  large  metropolitan  district  have  been 
gradually  condjined  into  one  great  system,  or  rather  two  systeuis,  one 
for  the  north  and  one  for  the  south  side  of  the  River  Thames, 
both  of  which  are  administered  by  the  London  County  Council.  The 
conditions  here  are  in  many  respects  different  from  those  of  almost  any 
other  large  city.  The  sewage  is  carried  down  by  intercepting  sewers  to 
points  some  miles  below  the  city,  and  is  discharged  into  the  estuary  where 
there  are  very  powerful  tidal  currents  in  addition  to  the  natural  flow  of 
fresh  water  from  the  river.  Formerly  the  sewage  was  discharged  with- 
out treatment  at  these  points,  but  it  caused  so  great  a  nuisance  in  the 
river,  both  to  the  shipping  and  to  the  re.-idents  upon  the  banks  of  the 
river,  both  below  and  above  the  points  of  discharge,  that  in  the  last 
years  works  have  been  built  to  treat  the  whole  of  it  by  chemical  pre- 
cipitation, except  the  storm  overflows. 

Although  London  is  noted  for  its  rainy  weather,  it  seldom  rains 
rapidly  there,  and  the  precipitation  is  more  apt  to  come  in  the  form  of 
a  slow  drizzle,  which  the  sewers  are  capable  of  removing,  and  the  sewage 
which  goes  to  the  river  through  the  overflows  is  much  less  than  would 
be  the  case  in  an  American  climate.  Mr.  Siuito  Crimp,  formerly  in 
charge  of  the  London  Sewerage  Works,  has  estimated  that  in  the  aggre- 
gate only  about  4  per  cent,  of  the  sewage  is  discharged  untreated  into 
the  river,  the  remaining  96  per  cent,  being  treated  before  its  discharge. 

On  Continental  Eunpe  the  conditions  for  land  treatment  are,  as  a 
rule,  more  favorable  than  is  the  case  in  England,  and  chemical  precipi- 
tation has  gained  but  a  slight  foothold,  only  one  large  city,  Frankfort- 
on-Main  in  Germany,  employing  it,  although  it  is  used  at  a  considerable 
number  of  smaller  places  and  is  being  considered  at  Leipsic. 

In  the  early  days  of  chemical  precipitation  lime  was  commcniy 
employed  as  a  precipitant,  and  where  the  sewage  contains  a  large 
amount  of  iron  and  acid  from  wire  works,  as  is  the  case  at  Leeds,  Shef- 
field and  Birmingham,  lime  answers  as  well  or  better  than  any  other 
precipitant,  but  in  other  cases  it  has  little  to  recommend  it,  and  has 
usually  been  superseded  either  by  coppersis  or  by  sulphate  of  alumina, 
although  it  is  necessary  to  use  with  each  of  them  a  small  quantity  of 
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lime  to  insure  rapid  precipitation.  At  London  copperas  is  employed, 
while  other  English  cities  have  varied  their  precipitants  from  time  to 
time. 

One  of  the  serious  problems  connected  with  chemical  precipitation 
of  sewage  is  the  disposal  of  sludge,  and  in  selecting  the  precipitant  it  is 
necessary  to  consider  not  only  the  purity  of  the  etHuent  which  can  be 
obtained,  but  also  the  (juantity  and  character  of  the  sludge  produced  by 
it.  At  London  several  tank  ships  are  employed  which  carry  the  sludge 
out  to  sea,  each  ship  making  two  trips  daily  and  carrying  about  1,000 
tons,  of  which  90  per  cent,  is  moisture.  To  reduce  the  sludge  to  as 
small  a  volume  as  possible,  it  is  pumped  from  the  settling  tanks  into 
another  set  of  smaller  tanks  and  is  settled  over  again,  reducing  it  to 
one  third  of  its  original  volume.  From  these  the  supernatant  liquid 
flows  back  into  tlxe  incoming  sewage  to  be  treated  over  again,  and  the 
remaining  sludge  is  run  into  the  tank  shijis.  These  ships  are  of  steel 
and  have  air  chambers  in  their  bottoms  to  give  them  sufficient  buoyancy 
so  that  the  sludge  will  flow  out  through  the  openings  in  their  bottoms 
when  they  reach  the  point  of  discharge,  fifty  miles  from  the  works. 

At  Birmingham  the  sludge  is  run  upon  and  dug  into  several 
hundred  acres  of  land  with  fairly  good  results.  At  Sheffield  and  other 
places  it  is  simply  piled  up  on  unused  land  and  given  away  for  a  fer- 
tilizer when  possible,  and  by  sprinkling  it  with  lime  and  with  chloride 
of  lime  in  summer,  it  does  not  become  an  unbearable  nuisance,  although 
this  pi'actice  can  hardly  be  recomniended.  Manchester  and  Salford 
have  hoped  to  carry  their  sewage  out  to  sea,  as  is  done  at  London  by 
means  of  the  Manchester  ship  canal,  but  I  do  not  know  that  they  have 
yet  commenced  to  do  so. 

Huddersfield  and  many  of  the  newer  works  press  the  sludge  in 
filter  ])resses  to  solid  cakes  which  can  be  easily  handled  and  which  can 
be  applied  to  land  or  stored  without  creating  a  nuisance.  The  putre- 
faction, which  makes  sewage  and  sludge  offensive,  seems  to  require  the 
presence  of  an  excess  of  moisture,  and  when  the  moisture  is  absent,  as 
in  pressed  sludge  and  in  land  used  for  sewage  treatment,  this  putrefac- 
tion did  not  occur,  but  the  changes  which  take  place  are  of  an  inoffen- 
sive nature.  The  cost  of  pressing  is  considerable,  and  it  is  this  which 
probably  prevents  it  from  being  more  generally  adopted. 

The  sha])a  of  the  settling  tanks  for  chemical  precipitation  has  been 
changed  somewhat  in  the  course  of  years.  The  eai'lier  tanks  were 
nearly  squaie  and  were  often  used  intermittingly;  being  filled  with 
sewage,  allowed  to  stand  and  afterwards  emptied  and  then  filled  up 
again.  This  was  known  as  the  intermittent  process  and  has  been  almost 
everywhere  abandoned,  although  still  in  use  at  Sheffield.  In  the  con- 
tinuous process,  now  generally  used,  the  tanks  are  connected  with  each 
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other  and  the  treated  sewage  is  rim  into  a  series  of  them,  passing  from 
one  to  another  nntil  finally  it  is  discharged.  The  newer  works,  however, 
as  a  rule  consist  of  long  narrow  tanks  so  arranged  that  a  portion  of  the 
treated  sewage  [)asses  through  each  of  them  and  is  then  discharged,  so 
that  each  tank  is  entirely  independent  of  the  others.  These  tanks  are 
ordinarily  from  80  to  60  feet  w'ide,  but  are  occasionally  much  wider, 
and  in  length  range  from  one  or  two  hundred  to  six  and  ten  hundred 
feet.  The  bottoms  slope  rapidly  fr<)m  each  side  to  the  midde,  and  the 
middle  slopes  slightly  from  the  outlet  end  of  the  tank  toward  the  inlet, 
and  there  is  usually  a  sludge  channel  in  the  middle  a  foot  lower  than 
the  bottom,  to  insure  a  raj)id  removal  of  the  sludge  when  the  tanks  are 
cleaned.  All  of  the  earlier  tanks  were  open  to  the  sky,  but  in  1884 
Lindley  built  precipitation  tanks  at  Frankfort  covered  with  a  vaulting 
with  soil  above,  laid  out  as  a  garden.  Tliis  arrangement  prevents  any 
possible  interference  with  the  sedimentation  by  the  wind  or  by  ice,  and 
also  makes  a  much  more  attractive  appearing  place  than  the  open  tanks. 

The  settling  tanks  at  London  are  also  vaulted.  On  the  north  side 
of  the  river  the  tanks  are  only  32  feet  wide,  and  there  is  an  arched  span- 
drel wall  half  way  between  the  sides,  and  the  roof  is  made  of  two  con- 
tinuous arches  covered  with  earth  and  with  manholes  to  furnish  light. 
It  is  stated  that  it  was  quite  as  cheap  to  build  the  tanks  in  this  way  as  it 
would  have  been  to  build  them  open,  because  the  walls  between  the 
tanks,  being  supported  at  the  top,  are  very  much  thinner  than  would 
have  been  necessary  with  open  tanks,  and  the  excavated  material  was 
placed  above  the  vaulting  without  expense  for  removing  it,  and  the 
economies  thus  affected  fully  equaled  the  cost  of  the  vaulting.  The 
more  recently  constructed  settling  tanks  on  the  south  side  of  the  river 
are  of  the  same  general  construction,  but  the  manholes  were  omitted, 
and  it  is  found  that  there  was  both  a  great  saving  in  the  cost  of  con- 
struction, and  the  work  of  cleaning  the  tanks  can  be  better  done  by 
artificial  light  throughout  than  by  the  very  irregular  light  admitted 
through  manholes. 

Vertical  settling  tanks  like  those  used  at  the  World's  Columbian 
Exposition  at  Chicago  are  occasionally  used  in  Germany,  particularly 
in  small  places,  and  are  in  some  respects  convenient,  although  the  sedi- 
mentation is  probably  less  complete  than  is  the  case  with  properly  con- 
structed horizontal  tanks.  The  famous  tanks  at  Dortmund  are  being 
replaced  by  broad  irrigation. 

In  other  parts  of  England,  where  the  population  is  much  less  dense 
than  in  the  districts  mentioned  and  where  land  for  sewage  treatment  is 
more  easily  secured,  chemical  precipitation  works  are  the  exception 
rather  than  the  rule,  and  sewage  farming  is  generally  employed  where 
sewage  requires  to  be  ti-eafed. 
21 
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On  the  continent,  Paris  lir.-^t  luloptecl  land  treatment  for  sewage, 
many  years  ago,  but  selected  an  area  quite  near  the  city  and  which  was 
only  large  enough  to  receive  a  portion  of  her  sewage.  The  process  was 
entirely  satisfactory  as  far  as  purification  was  concerned.  No  nuisance 
was  created,  and  some  return  was  obtained  from  the  crops  on  the  capital 
invested.  There  was,  however,  no  land  suitable  and  convenient  for 
treating  the  remainder  of  tlie  sewage  without  going  some  miles  further 
down  the  river,  and  f)r  many  years  the  system  was  not  extended. 

In  the  seventies,  Berlin  took  the  matter  up  and  adopted  substan- 
tially the  same  system  wliicli  vva>  then  in  use  at  Paris,  and  has  since 
extended  it  from  time  to  time  until  for  many  years  all  of  the  sewage  of 
Berlin  has  been  treated.  Berlin  with  its  immediate  suburbs  has,  at  the 
present  time,  a  poi)ulation  of  nearly  two  millions,  and  is  growing  almost 
as  fast  as  Chicago,  but  the  population  is  very  compact,  and  the  sur- 
rounding country  for  many  miles  consists  of  sandy  land  in  every  way 
suitable  for  sewage  treatment,  but  too  poor  to  repay  ordinary  cultivation. 
Under  these  circumstances,  there  has  been  no  object  in  economizing  in 
the  area  of  land  used,  and  the  city  has  taken  large  areas  of  land  and 
is  extending  the  mains  to  irrigate  as  large  an  area,  as  possible  with 
sewage.  In  18!);i,  10,800  acres  were  in  use  receiving  on  an  average 
4,100  gallons  })er  acre  daily.  The  sewage  is  all  pumped  and  treated, 
except  when  in  thunder  storms  more  rain  fiills  than  can  be  carried  by 
the  sewers.  The  Hpree  Howing  through  the  heart  of  the  city  is  said 
to  have  been  as  dirty  as  the  Chicago  River  is  at  the  present  time  before 
the  works  were  commenced,  but  it  has  been  so  thoroughly  cleansed  that 
one  would  hardly  susi)ect  it  of  having  once  been  polluted  by  sewage. 
The  irrigated  land  is  cultivated  with  some  profit  to  the  city,  and  in  good 
years,  2  ])er  cent,  net  profits  on  the  capital  of  about  $6,000,000  have 
been  earned. 

After  Berlin  adopted  land  treatment  for  her  sewage,  Dantzig  and 
Breslau  adopted  substantially  the  same  process,  and  more  recently 
Magdeburg  has  been  preparing  land  to  be  used  in  the  same  way,  while 
Cologne,  Hanover  and  other  cities  are  talking  of  doing  so. 

The  German  cities,  as  a  rule,  are  situated  upon  much  larger  rivers 
than  are  the  English  cities,  and  sewage  disposal  has  not  been  so  pressing 
a  problem  with  them  ;  but  on  the  other  hand  the  conditions  for  dis- 
posing of  the  sewage  upon  land  are  much  inore  favorable  than  in  Eng- 
land, and  the  expense  of  carrying  out  the  process  is  less;  and  now  that 
the  process  has  been  demonstrated  by  many  years'  trial  in  the  three 
cities  mentioned  to  be  a  practical  success,  the  Imperial  Board  of  Health, 
which  has  great  power  in  these  matters,  is  insisting  upon  the  adoption 
of  sewage  purification  in  almost  all  cases  where  important  extensions  or 
changes  in  the  sewerage  systems  are  adopted.     As  everywhere  else,  it  is 
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difficult  to  prevent  a  city  which  has  been  discharging  its  sewage  into  a 
river  from  continuing  to  do  so,  particularly  where  the  river  is  large 
enough  so  that  no  great  nuisance  is  caused.  But  when  a  city  wishes  to 
extend  its  sewerage  system,  or  increase  the  size  of  its  sewers,  and  the 
project  is  sent  to  Berlin  for  examination  and  approval,  then  the  Board 
can  take  the  ])()sition  that  the  sewage  should  be  purified,  and  it  nsually 
does  so. 

Some  of  the  leading  officials  in  Berlin  having  charge  of  the  German 
rivers  were  of  the  opinion  that  all  sewage  should  be  treated  without  regard 
to  the  sizeof  tlie  rivers  into  which  it  is  discharged,  although  a  uuraber  of 
the  rivers,  such  as  the  Rhine,  the  Elbe  and  the  Oder,  are  so  large  that 
from  our  standpoint  it  is  hardly  possible  to  conceive  of  any  appreciably 
injurious  results  from  the  discharge  of  sewage  into  them. 

The  soils  used  for  sewage  purification  in  Germany  are  invariably 
sandy,  pervious  materials,  and  the  natural  surface  of  the  ground  is  so 
nearly  level  that  it  can  be  developed  with  a  minimum  of  expense.  The 
areas  are  usually  divided  into  separate  beds  by  low  earth  embankments, 
quite  similar  to  those  at  Framingham  and  Marlboi'ough  in  this  State. 
The  surface  of  these  beds  is  always  cultivated,  grass,  beets,  cabbages, 
wheat,  rye,  oats  and  apple-trees  being  the  leading  crops.  W]ieat  and 
oats  when  they  are  irrigated  grow  very  rankly,  and  as  the  farmers  say, 
run  to  straw,  and  good  crops  are  seldom  obtained.  Our  American  corn 
or  maize  cannot  be  successfully  grown,  because  the  summers,  and  par- 
ticularly the  summer  nights,  are  not  warm  enough,  and  the  grain  will 
not  ripen. 

Germany  is  some  degrees  farther  north  than  New  England  and  the 
winters  are  of  about  the  same  severity,  but  the  winter  nights  are  much 
longer  and  the  days  shorter,  and  it  thus  happens  that  in  the  darker  months 
of  the  year  it  is  impossible  to  distribute  all,  or  even  the  greater  part, 
of  the  sewage  over  the  land  by  daylight,  and  it  is  found  that  however 
carefully  instructions  are  given,  the  men  having  the  distribution  in 
charge  will  not  properly  perform  their  work  at  night.  To  provide  for 
this  contingency,  certain  areas  are  set  apart  upon  all  the  German  farms 
having  substantially  level  surfaces  and  surrounded  by  embankments 
much  higher  than  the  ordinary  embankments,  that  is  8  to  10  feet  high. 
The  areas  are  also  much  greater,  often  containing  10  or  20  acres  in  one 
lot.  During  the  long  dark  nights  of  the  fall  and  winter,  sewage  is  run 
into  these  basins,  often  filling  them  several  feet  deep.  Of  course  little 
purification  takes  place  under  these  circumstances,  but  owing  to  the  cold 
weather,  the  sewage  is  retained  pretty  nearly  in  its  original  condition, 
or  at  least  without  offensive  decompositions,  generally  covered  with  an 
ice  sheet  during  the  winter. 

As  soon  as  the  days    become    longer,  in  early  spring,  all    of  the 
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sewage  is  again  applied  to  tlie  land  and  these  basins  are  no  longer  used. 
The  ice  melts  and  the  pond  of  sewage  soaks  away  in  the  course  of  a  few 
weeks,  and  the  surface  of  the  land  covered  with  the  organic  matters 
which  have  been  strained  from  the  sewage,  is  exposed  to  the  air  and 
becomes  dry,  and  soon  afterwards  it  is  ploughed  under,  and  the  matters 
are  destroyed,  as  in  the  ordinary  process  of  intermittent  filtration. 
Wheat  and  oats  can  be  raised  in  these  basins  in  the  summer,  and  good 
crops  are  obtained.     No  sewage  is  ever  put  upon  them  except  in  winter. 

Paris  has  for  many  years  treated  a  portion  of  her  sewage  as  men- 
tioned above,  by  intermittent  filtration  upon  the  sandy  soil  of  about 
2,000  acres  of  land,  nearly  surrounded  by  one  of  the  broad  bends  in  the 
River  Seine,  just  below  the  city.  The  sewage  has  been  pumped  to  this 
land  from  the  main  outfall  sewer  as  needed  by  the  crops,  and  when  the 
crops  did  not  require  it,  the  sewage  has  been  discharged  untreated  into 
the  river.  In  recent  years,  only  about  20  per  cent,  of  the  sewage  has 
been  treated  ;  in  rainy  weather  and  winter  a  much  smaller  proportion, 
while  at  dry  seasons  a  larger  quantity  was  taken. 

The  condition  of  the  River  Seine,  below  the  point  of  discharge  of 
the  sewage,  has  become  extremely  foul,  and  the  city  has  recently  voted 
to  construct  an  outfall  sewer  down  to  another  and  larger  area  of  land 
in  the  next  bend  of  the  river  below  that  now  used,  and  to  treat  the  rest 
of  its  sewage  there.  This  outfall  sewer  involves  the  construction  of 
three  siphons  under  the  Seine,  and  the  purchase  of  25,000  acres  of  land, 
which  will  give  the  city  an  ample  area  upon  which  to  purify  all  of  its 
sewage.     The  estimated  cost  of  this  work  is  $6,000,000. 

At  Paris,  as  in  the  English  sewage  farms,  the  embankments  be- 
tween the  beds  are  a  much  less  conspicuous  feature,  and  one  of  the  most 
common  methods  of  applying  sewage  is  to  have  the  land  in  ridges  and 
furrows,  the  sewage  being  turned  into  the  furrows,  while  vegetables  and 
other  crops  are  raised  upon  the  ridges  which  are  never  covered  by  the 
sewage.  Of  course  it  is  necessary  at  certain  points  to  have  embank- 
ments to  prevent  the  sewage  from  running  over  the  surface  into  the  river, 
but  these  are  reduced  to  a  minimum. 

There  are  some  unusually  interesting  sewage  disposal  problems  in 
some  of  the  Dutch  cities.  Rotterdam  is  situated  upon  the  Maas,  which 
is  really  the  main  outlet  of  the  River  Rhine,  with  its  enormous  flow 
from  the  mountains  in  the  south  of  Germany  and  in  France  and  Switz- 
erland, and  in  addition  there  are  strong  tidal  currents,  so  that  the  city 
has  no  difficulty  in  disposing  of  its  sewage.  Aujsterdam  and  The  Hague, 
however,  are  not  situated  upon  rivers,  but  only  upon  the  intricate 
system  of  canals  which  intersects  a  large  part  of  Holland.  Streets,  as  a 
rule,  are  three  or  four  feet  higher  than  the  water  in  the  canals,  and  the 
houses  are  built  upon  ibundalious  about  even  with  the  streets,  and  there 
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are  no  cellars.  There  is  often  a  canal  between  every  two  streets,  and  in 
the  few  cases  where  it  is  omitted,  it  is  in  any  case  but  a  short  distance  from 
any  part  of  the  city  to  some  canal.  It  has  been  the  custom  ever  since 
the  memory  of  man  to  discharge  all  sewage,  garbage  and  other  wastes 
into  the  canals  direct.  This  has  resulted  in  the  canals  becoming  ex- 
tremely foul  and  sources  of  much  complaint. 

The  conditions  have  been  somewhat  improved  by  constructing  con- 
siderable reservoirs,  wiiich,  regulated  by  means  of  gates  and  used  in 
connection  with  the  tides,  allow  considerable  curients  to  be  maintained 
in  most  of  the  canals,  and  in  this  way  the  conditions  have  been  main- 
tained without  becoming  excessively  bad.  The  limits  of  this  system  of 
Hushing  have,  however,  been  nearly  reached,  and  it  is  apparent  that 
some  further  treatment  will  be  recjuired.  Several  of  the  leading  Dutch 
engineers  are  exerting  their  ingenuity  to  see  how  a  series  of  sewers  can 
be  constructed  for  The  Hague,  but  the  problems  of  ground  water,  canal 
crossings  and  pumping  stations  are  really  very  serious. 

In  Amsterdam  a  portion  of  the  central  part  of  the  city  has  been 
for  some  years  sewered  on  the  Liernur  system.  This  system,  which 
many  of  you  will  remember,  was  mucli  talked  about  some  years  ago, 
and  was  thought  by  many  to  afford  a  solution  of  the  sewerage  problem. 
It  consists  of  a  system  of  iron  pipes  in  which  a  partial  vacuum  is  main- 
tained, and  into  which  sewage  matters  are  passed  without  water,  and  the 
material  is  drawn  in  a  concentrated  form  to  a  pumping  station,  where  it 
is  distilled  with  lime,  giving  off  ammonia,  which  is  condensed  in  acid 
to  form  an  ammonium  salt  which  is  sold,  and  the  residue  is  dried  and 
compressed  into  cakes,  which  have  some  value  as  a  fertilizer. 

At  the  present  time  about  62,000  people  are  connected  with  this 
system  in  Amsterdam,  and  about  six  tons  of  ammonium  sulphate  are 
produced  per  week,  which  partially  pays  for  the  cost  of  operation. 
The  system  is  being  slowly  extended  to  other  parts  of  the  city,  although 
perhaps  it  is  too  soon  to  state  that  it  is  the  definitely  adopted  plan  of 
the  city,  and  developments  may  be  awaited.  This  is  altogether  the 
largest  plant  upon  the  Liernur  system,  and  possesses  very  great  interest 
to  those  only  familiar  with  the  water-carried  system  of  sewerage. 

The  question  as  to  the  dilution  which  it  is  necessary  to  give  a  sew- 
age or  a  sewage  efHuent  iu  order  to  prevent  the  creation  of  a  nuisance, 
is  a  most  interesting  one.  Unfortunately,  statistics  as  to  the  flow  of 
streams  at  the  points  where  I  hey  pass  various  cities  are  extremely  diffi- 
cult to  obtain,  and  even  in  those  cases  where  statements  are  available 
there  is  often  a  question  as  to  the  exact  conditions  under  which  the 
gaugings  were  obtained,  and  as  to  whether  the  results  are  comparable 
with  corresponding  statements  for  other  places. 

The  flow  of  rivers,  however,  is  in  a  measure  proportional  to  the 
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areas  of  the  watersheds  from  wliich  they  flow,  and  these  watersheds 
can  be  measured  with  ease  and  with  comparative  accuracy.  The  flow, 
and  particularly  the  minimum  iiow,  in  which  we  are  especially  interested, 
of  course  depends  upon  the  rainfall,  and  its  distribution  throughout  the 
different  seasons  of  the  year,  as  well  as  upon  the  climate  and  the  geolog- 
ical character  of  the  watershed.  But  after  making  due  allowance  for 
differences  of  this  nature,  the  comparative  figures  for  the  areas  of  water- 
sheds are  more  satisfactory  than  any  records  of  gaugings  which  could  be 
obtained  for  all  the  numerous  points  in  which  we  are  interested. 

In  the  following  table  are  given  the  names  of  a  number  of  cities 
having  interesting  sewage  disposal  problems,  and  their  populations,  as 
given  in  the  last  census  for  1890  or  1891,  as  the  case  may  be,  together 
with  the  rivers  on  which  they  are  situated,  and  their  drainage  areas 
measured  from  the  points  at  Avhich  sewage  is  discharged  into  them,  and 
in  the  last  column  the  areas  of  the  drainage  areas  per  thousand  of  popu- 
lation. The  areas,  with  one  or  two  exceptions,  have  been  measured  from 
maps  and  are  only  approximations. 


River. 


Mancliester 1  t       n        / 

Salford }  ^^"'^l*-      i 

Brussels Senne. 

Leeds Aire. 

Sheffield    .    .        ....  Don. 

Bradlord Aire. 

Hiidderslield         

Cheinnit/ 

London Thames. 

Glasgow         Clyde. 

Berlin Spree. 

Munich Isar. 

Leipsic [  Elster. 

Brunswick Use. 

Paris Seine. 

Hanover Leine. 

Breslau Oder. 

Frankfort  on-Main  .    .  Main. 


Square 

:Miles  per 

Population. 

Drainage  Area. 

1,000  of 
Popula- 
tion. 

198,136 
50^,343 

}       290 

0.41 

477,000 

340 

0.72 

367,506 

310 

0.84 

324,243 

320 

0.99 

216,361 

220 

1.02 

95,422 

102 

1.06 

138,955 

160 

1.15 

4,211,056 

4,900 

1.16 

658,198 

800 

1.22 

1,578,685 

3,800 

2.40 

348,000 

1.200 

3.45 

355,485 

1,700 

4.80 

100,883 

600 

6.00 

2,447,957 

16,000 

6.50 

163,100 

2,000 

12.30 

335,174 

8,500 

25.50 

179,850 

9,500 

53.00 

Manchester  and  Salfoi-d,  on  the  op[)osite  sides  of  the  Irwell,  dis- 
charge their  sewage  into  it  at  nearly  the  same  point,  after  treating  it  by 
chemical  precipitation. 

The  population  given  for  Brussels  includes  suburbs  more  populous 
in  the  aggregate  than  the  city  itself,  and  it  is  probable  that  only  a  part 
of  them  are  connected  with  the  sewers.     The  sewage  is  not  treated  and 
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the  river  is  extremely  foul  below  the  city.  The  river  has  been  straight- 
ened and  arched  over  through  the  central  part  of  the  city,  and  a  boule- 
vard has  been  built  over  it,  and  intercepting  sewers  on  either  side  of  it 
are  carried  down  to  a  point  below  the  city,  at  which  the  sewage  is  dis- 
charged. 

At  Leeds  the  sewage  is  treated  by  cheiiiical  precipitation  before 
being  discharged  into  the  Aire,  and  at  Bradford  also,  the  sewage  is 
precipitated  and  discharged  into  a  brook  just  above  its-  junction  with 
the  Aire,  but  the  drainage  area  given  is  that  of  the  Aire  below  the 
junction  of  the  brook. 

Sheffield  and  Hudderstield  treat  their  sewage  by  chemical  precipi- 
tation and  follow  the  treatment  with  rapid  filtration. 

The  rivers  mentioned  above  have  been  among  the  most  grossly 
polluted  rivers  in  Europe,  and  notwithstanding  the  efforts  that  have 
been  made  to  purify  the  sewage,  they  are  in  far  from  satisfactory  condi- 
tion, although  it  seems  probable  that  the  large  amount  of  cloudy 
weather,  and  absence  of  extremely  hot  weather  in  England  in  summer, 
at  once  have  a  tendency  to  maiutain  larger  minimum  flows,  and  are  less 
favorable  to  the  offensive  decompositions  that  would  be  expected  in  a 
hotter  climate  and  drier  atmosphere. 

Chemnitz  discharges  its  sewage  without  treatment  into  the  small 
stream  which  flows  through  it,  and  a  serious  nuisance  is  created  which 
will  probably  be  corrected  in  the  near  future.  The  stream  has  quite  a 
rapid  fall,  and  it  is  perhaps  this  fact  which  has  made  the  discharge  of  so 
much  sewage  possible. 

At  Loudon  and  Glasgow,  the  sewage  is  discharged  into  estuaries, 
where  there  are  powerful  tidal  currents,  in  addition  to  the  flows  of  fresh 
water,  which  render  comparison  of  them  with  inland  cities  impossible. 
At  London,  the  sewage  is  treated  by  chemical  precipitation,  and  a  simi- 
lar treatment,  followed  by  rapid  filtration,  has  recently  been  put  in  oper- 
ation to  treat  a  portion  of  the  sewage  of  Glasgow. 

At  Berlin,  the  condition  of  the  Spree  became  very  offensive  in  the 
early  seventies,  when  the  population  was  only  half  as  great  as  at  pres- 
ent, and  the  drainage  area  per  thousand  of  population  was  consequently 
twice  as  great.  Since  that  time,  the  sewage  has  been  treated  by  broad 
irrigation,  and  the  river  is  now  in  good  condition. 

At  Munich,  the  sewage  is  discharged  untreated  into  the  river  Isar, 
and  has  caused  no  serious  nuisance.  The  river,  however,  has  its  origin 
in  the  Alps,  and  has  a  large  flow  and  a  rapid  fall,  so  that  the  couditious 
for  the  discharge  of  crude  sewage  are  unusually  favorable. 

At  Leipsic,  the  untreated  sewage  has  created  a  serious  nuisrance, 
and  will  be  treated  at  an  early  date.  Brunswick  and  Hanover  do  not 
treat  their  seAvage,  but  probably  will  apply  it  to  the  land  in  the  near 
future. 
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At  Paris,  the  Seine  has  become  extremely  foul,  notwithstanding  its 
large  drainage  area  and  the  fact  that  part  of  the  sewage  has  been  treated. 
Deepening  the  river  to  aHow  the  passage  of  ships  of  considerable 
draft  has  reduced  the  velocity  of  the  current,  and  made  the  condi- 
tions more  favorable  ft>r  the  formation  of  deposits  of  sewage  matter,  with 
the  decompositions  which  accompany  them. 

At  Breslau,  the  sewage  has  been  treated  for  many  years  by  apply- 
ing it  to  land,  and  the  river  has,  so  far  as  I  know,  never  been  in  bad 
condition.  Water  taken  from  the  river  is  used  for  public  Avater  supply 
by  at  least  two  large  cities  down  the  river. 

At  Frankfort-on-Main  the  sewage  is  treated  by  chemical  precipita- 
tion before  being  discharged  into  the  artificial  harbor  which  has  been 
constructed  by  building  a  dam  at  a  little  distance  below,  and  by  deep- 
ening the  channel  opposite  the  city. 

While  the  data  given  in  the  table  are  perhaps  hardly  adequate  to 
serve  as  a  basis  for  final  conclusions,  they  are  interesting  as  showing  the 
discharge  of  crude  sewage  without  nuisance  into  a  rapid  mountain 
stream,  having  only  3.5  square  miles  of  drainage  area  per  thousand  of 
population,  while  the  discharge  of  sewage  into  smaller  streams  propor- 
tionally, has  always  resulted  in  the  production  of  a  nuisance,  and  other 
streams  drawing  their  water  from  flat  prairie  country  and  with  sluggish 
flows,  have  become  oflTensively  polluted,  although  their  drainage  areas 
were  equal  to  6  or  8  square  miles  per  thousand  of  population,  and 
one  can  readily  see  that  in  a  region  like  the  western  part  of  the  Missis- 
sippi basin,  where  rivers  go  nearly  or  entirely  dry  in  summer,  sewage 
might  cause  a  nuisance  even  though  the  watershed  was  enormously 
greater  proportionally  than  the  above  figures.  We  also  see  that  cities 
have  grown  up  upon  rivers  so  small  as  to  furnish  less  than  half  a  mile 
of  drainage  area  per  thousand  of  population,  and  while  in  these 
cases,  by  giving  the  greatest  attention  to  the  thoroughness  of  the  purifi- 
cation of  the  sewage  before  discharging  it,  rivers  can  be  kept  in  fairly 
good  condition,  the  problem  is  a  difficult  one  and  re(iuires  the  utmost 
and  continued  care  to  keep  the  streams  even  in  reasonably  good  con- 
dition. 

In  conclusion,  tlie  trend  of  the  best  European  practice  in  sewage 
disposal  is  strongly  toward  the  treatment  or  purification  of  sewage  in  all 
cases  before  it  is  discharged  into  rivers,  with  the  exception  of  very  large 
rivers,  and  at  points  where  tiiere  are  strong  tidal  currents.  The  tendency 
is  to  use  land  treatment  wherever  the  local  conditions  are  reasonably 
favorable,  as  the  effluents  produced  in  this  way  are  of  much  greater 
purity  than  can  be  obtained  by  any  ciiemical  or  mechanical  processes, 
and  the  cost  is  ordinarily  less.  Where  the  local  conditions  are  such  as 
to  ])reclude  the  employment  of  land  treatment,  chemical  precipitation  is 
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used,  but  altliough  material  iraprovemeiits  liave  been  introduced  in  the 
construction  of  settling  tanks  and  in  the  methods  of  applying  chemicals, 
it  is  not  possible  to  produce  efiluents  of  sufficient  purity  to  be  discharged 
into  the  smaller  rivers  without  creating  more  or  less  complaint,  and  the 
tendency  is  strongly  to  follow  chemical  jirecipitation  in  such  oases  by  a 
rapid  filtration  tiirougli  some  imiterial  wiiicii  will  remove  substantially 
all  of  the  remaining  suspended  matters,  and  will  allow  at  least  a  por- 
tion of  the  soluble  organic  matters  to  become  oxidized. 


MECHANICAL  ANALYSES  OF  SAMPLES  OF  MATERIALS  FROM 
CERTAIN  EUROPEAN  AND  AMERICAN  SEWAGE  FARMS. 

COLLECTED   BY   THE   AUTHOR. 

(For  methods  of  analyses  see  Report  of  Massachusetts  State  Board  of  HeaUh 
for  1S92,  page  541.) 


Kft'ective  Size, 

Location. 

Description  of  Samples. 

10  per  cent. 

finer  tlian  : 

(Millimeters). 

Uuitbrmity 
Coetlicient. 

Ibumii 
monia, 
100,00 
weigh 

Berlin, 

Surface  soil  where  it  had 

Malchow  Farm. 

recently  been  ploughed. 
Subsoil  two  feet  deep  at 

0.12 

5.6 

34. 

same  place. 

0.12 

3.4 

33. 

<(                          (( 

Surface  soil  not  recently 

ploughed. 

0.12 

2.2 

90. 

a                i( 

Subsoil  two  feet  deep  at 

same  place. 

0.13 

2.7 

31. 

x>Grlin. 

Gross  beer  en  Farm. 

Surface  soil  in  actual  use. 

0.15 

2.0 

26. 

Breslau. 


Paris. 


Framingham,  Mass. 
Marlborough,  Mass. 
Gardner,  Mass. 
Brockton,  Mass. 
Poughkeepsie,  N.  Y. 

Plainfield,  N.  J. 
Pullman,  111. 


From  a  sand  bank  near 
by  representing  tlie 
original  unused  ma- 
terial. 

Subsoil  one  foot  below 
surface  of  sewage  field 
in  use. 

Surface  soil  from  sewage 
fields  in  use. 

Sand  from  sewage  filters. 


Sand  from   sewage  filters 

at  Vassar  College. 
Sand  from  sewage  filters. 
Soil  from  sewage  farm. 


0.15 


0.24 

0.13 
0.35  to  0.42 

0.12 
0.10  to  0.24 
0.30  to  0.60 

0.10  to  0.50 

0.10  to  0.25 

0.01 


1.9 

5.9 
4.  to  5. 
3.  to  4. 
6.  to  14. 

2.  to  5. 

2.  to  5. 
2.  to  5. 
15. 


2. 

64. 


0.  to  2. 

0  to  3. 

225. 
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SOLID  1  LOOTl    7?1UDGT:S  for    IIATT.ROADS  AXD    HIGH- 

A\  AVS. 


By  Frank  C.  Osbokx,  Mk.-mbdk  ov  Tiih:  Civil  IOxgineers'  Club  ok  Cleveland. 


[Read  before  tlie  Club,  November  12,  1895.*] 

The  term  "  Solid  Floor,"  as  applied  to  railroad  bridges,  is  here  u^ed 
to  distinguish  the  vari(.ii.<  types  of  continuous  metal  floors,  as  made  up 
of  plates  and  angles  and  other  special  shapes,  from  the  ordinary  open 
floor  of  timber  cross-ties  hiid  on  longitudinal  stringers  or  joists  of  wood 
or  iron. 

A  highway  bridge  tloor  must  necessarily  be  continuous  and,  in  that 
sense,  solid  ;  but  this  paper  refers  to  such  types  as  might  perhaps  be 
better  called  "permanent"  floors  to  distinguish  the  various  forms  of 
floors  adapted  to  the  use  of  brick,  stone  block,  asphalt  or  macadam  pav- 
ing, as  opposed  to  the  more  common  floor  of  one  or  two  thicknesses  of 
plank  laid  on  wood  or  iron  joists. 

The  use  of  solid  floors  for  railroad  bridges  has  increased  largely  in 
the  past  few  years,  and  has  been  brought  about  by  various  considerations, 
among  which  may  be  mentioned  the  following: — 

(1)  The  elevation  of  tracks  in  the  larger  cities  requires  as  shallow 
floors  as  possible,  in  order  to  give  suitable  clearance  over  streets,  and 
this  can  best  be  accomplished  by  the  use  of  all-metal  floors.  A  closed 
floor  is  also  necessary  to  prevent  the  falling  into  the  street  of  coals, 
ashes,  etc.,  from  passing  trains.  It  is  also  desirable  as  aff()rding  better 
protection  in  case  of  derailment. 

(2)  The  solid  floor  is  also  used  to  give,  as  near  as  practicable,  the 
same  rigidity  and  permanency  as  the  ballasted  road-bed  and  a  perfect 
support  to  trains,  whether  on  or  oft' the  track. 

The  first  solid-floor  bridges  for  railway  or  highway  purposes  were 
doubtless  those  of  masonry  arches,  and  it  would  appear  that,  with  the 
exception  of  a  few  of  the  earliest  and  crudest  of  the  bridges  of  history, 
bridges  with  solid  floors  were  the  first  used,  and  that  the  lighter,  open 
and  less  expensive  floors  now  so  common,  particularly  in  this  country, 
are  of  more  recent  origin. 

Following  through  the  early  history  of  bridge  construction,  masonry 
arches  of  various  forms,  cast-iron  arches,  etc.,  the  first  bridge  built  with 
a  solid  floor  as  we  now  understand  the  term,  seems  to  have  been  the 
famous  Britannia  tubular  bridge,  built    in   1845,  Robert   Stephenson, 
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engineer.  The  total  length  of  this  structure  is  1511  feet,  and  the  weight 
9360  tons.  It  cost  4(>01,8()5,  or  £64. o  per  ton,  equivalent  to  about  14 
cents  per  pound.  Drawings  of  this  bridge  are  not  easily  attainable,  but 
the  sketch  (Plate  I,  Fig.  1),  gives  a  good  idea  of  the  arrangement  of  the 
floor.  It  consists  of  built  stringers  covered  top  and  bottom  by  plates, 
the  upper  plates  supporting  the  rails  on  wooden  longitudinal  sleepers 
and  rail  chairs.  This  solid  floor  was,  however,  incidental,  as  its  first 
duty  was  to  act  as  a  bottom  chord.  The  Britannia  Bridge  is  still  in 
service ;  a  monument  of  the  first  bold  departure  from  the  then  existing 
methods  of  bridge  construction. 

From  that  time  to  within  the  past  twenty  years  it  is  difficult  to  find 
many  specific  examples  to  show  the  progress  in  solid  metallic  floors. 
There  seems  to  have  been  but  little  interest  taken  in  their  design,  and, 
though  the  English  even  at  that  time  used  solid  floors  almost  exclusively, 
there  seems  to  have  been  but  little  variety  in  the  forms  and  devices  used. 
Cast-iron  decking  plates  of  various  forms  were  used  for  many  years. 
Mr.  Mallet's  invention  of  buckletl  plates,  somewhere  about  1861,  marks 
an  interesting  advance,  and  seems  to  be  the  first  special  form  of  wrought 
iron  devised  for  flooring  purposes.  Prof  Rankiue  mentions  this  in  his 
Civil  Engineering. 

The  Severn  Bridge,  of  the  Severn  &  Wye  and  Severn  Bridge 
Railway,  was  commenced  in  1875  and  opened  in  1879.  The  following  is 
a  description  of  the  floor :  "  The  top  and  bottom  chords  of  the  span  are 
connected  by  vertical  members  which  carry  the  cross  girders.  Small 
longitudinal  girders  between  the  cross  girders  support  the  rails,  and  the 
floor  is  made  of  plate  iron  decking." 

The  New  Tay  Bridge  was  built  between  1881  and  1887,  to  replace 
the  older  bridge,  which  had  failed  in  December,  1879.  The  phms  for 
this  bridge  were  approved  in  1881,  and  included  a  trough  floor  of  the 
form  shown  (Plate  I,  Fig.  2).  Cross  girders  were  used  over  the  piers, 
but  elsewhere  they  were  dispensed  with.  The  floor  troughs  rest  on  the 
bottom  flanges  of  the  girders  and  are  riveted  by  means  of  angles  to  a 
continuous  web  forming  part  of  the  bottom  chord.  The  troughs  are 
filled  with  ash  and  cinder  ballast,  and  the  cross-ties  are  laid  therein, 
spaced  rather  closely  together. 

This  appears  to  have  been  the  first  form  of  trough  floor  designed, 
and  following  it  a  large  number  of  different  forms  were  devised,  some  of 
them  patented,  and  used  on  various  bridges.  Conspicuous  among  these 
is  Lindsey's  floor  (Plate  I,  Fig.  3),  a  form  which  has  found  great  favor 
both  in  Europe  and  America,  and  one  still  frequently  used.  The  draw- 
ing shows  a  floor  for  a  short  plate  girder  bridge,  using  the  "  C  Max." 
troughs  laid  transversely  and  intended  to  be  used  with  rail  resting  on  a 
longitudinal  sleeper  bolted  to  the  tops  of  the  troughs.     This  section  has 
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a  iiionient  of  resistance  of  19^.9  inch  tons,  and  weighs  32.97  pounds  per 
square  foot  of  floor.  The  largest  form  rolled  is  shown  in  the  small 
sketch.  This  form  has  a  moment  of  resistance  of  1325.15  inch  tons,  and 
weighs  56.76  pounds  per  square  foot. 

In  1887  Mr.  Edmund  Olander  read  an  exceedino-lv  interestiner 
paper  before  the  Society  of  Engineers,  entitled  "Bridge  Floors,  Their 
Design,  Strength  and  Cost."  In  this  paper  Mr.  Olander  discussed  all 
the  ])rincipal  forms  that  had  aj)p('ared  up  to  that  time,  reducing  them  to 
a  common  depth  and  weight  ])er  square  foot  of  actual  area  covered,  and 
determining  their  comparative  strengths  and  costs.  Some  of  the  more 
interesting  forms  are  shown  on  Plate  I,  Fig.  5.  Of  these,  No.  1  was  an 
ideal  section  introduced  by  Mr.  Olander  for  comparison.  No.  4  is  a  form 
made  by  Messrs.  Braithwaite  &  Kirk,  patentees,  West  Bromwitch,  and 
used,  some  two  years  ago,  by  Mr.  Copperthwaite,  M.  I.  C.  E.,  on  the 
southern  section  of  the  North  Eastern  Railway,  for  a  bridge  of  64  feet 
span.  A  form  similar  to  No.  4  was  used  on  the  Tower  Bridge,  London, 
the  principal  difference  from  the  form  illustrated  being  the  elimination 
of  the  joint  and  line  of  rivets  at  the  bottom  of  trough,  making  a  com- 
plete trough  of  each  piece  and  jointed  with  one  line  of  rivets  at  the  upper 
part  only.  No.  5  is  Baillie's  patent  floor.  No.  6  will  be  recognized  as 
the  general  shape  of  trough  floor  so  much  in  use  in  America  during  the 
past  five  or  six  years,  and  it  is  interesting  to  note  that  for  the  dimensions 
used  by  Mr.  Olander  for  comparison  with  the  other  forms,  he  finds  this 
to  rank  lowest  in  his  list  of  ten  sections  discussed,  it  having  the  largest 
number  of  rivets  and  the  lowest  moment  of  resistance.  One  other  form 
discussed  by  Mr.  Olander  is  the  Lindsey  floor,  described  above ;  the 
others  of  the  ten  are  uninteresting  in  comparison  with  these,  and  have 
been  but  little  used. 

Later,  Hobson's  Patent  Floor  appeared  (Plate  I,  Fig.  6),  com- 
posed of  several  forms  of  bent  plates  connected  by  tees  and  made  water- 
tight by  a  filling  of  asphalt  in  the  V-shaped  channels.  The  sketch 
shows  the  floor  as  adopted  for  the  Liverpool  Overhead  Railway,  six 
miles  in  length,  and  built  within  the  past  three  or  four  years.  Messrs. 
Greathead  and  Fox,  in  a  paper  before  the  Inst.  C.  E.  (Vol.  CXVII, 
pp.  51-70),  gives  the  following  description  of  the  flooring: 

"  Between  the  girders  (the  main  girders  of  the  viaduct),  is  fixed 
Hobson  arched-plate  flooring,  consisting  of  j^inch  plates,  bent  to  a 
radius  of  12  inches,  with  a  flat  surface  6  inches  wide  on  the  top,  riveted 
to  intervening  tee  bars,  and  made  water-tight  by  asphalt  placed  in  the 
vee-channels  between  the  arches.  U})on  this  are  laid  longitudinal  creo- 
soted  sleepers  keyed  to  tiie  flooring,  and  no  ballast  is  used.  From  each 
vee-channel  an  outlet  for  Avater  is  provided  through  the  web  of  one 
of  the  main  girders,  discharging  into  a  light  cast-iron  gutter  carried 


SOLID  FLOOR  BRIDGES  FOR  RAILROADS  AND  HIGHWAYS.     235 

along  the  outside  of  the  main  girder,  which  conveys  the  water  to  a  rec- 
tangular down  pipe  fixed  to  the  columns  and  delivering  into  the  drains  or 
gutters  below.  This  flooring  combines  great  strength  with  lightness  and 
minimum  of  riveting,  while  the  load  is  more  evenly  distributed  along 
the  main  girders  than  is  the  case  where  cross  girders  are  employed, 
and  great  lateral  stiffness  is  secured  without  horizontal  bracing.  The 
flooring  is  practically  water-tight,  and  after  twelve  months'  test  under 
traffic  has  not  shown  any  delects.  In  order  to  ascertain  the  strength  of 
the  floor,  some  sections  were  tested  to  destruction,  and  the  deflections  at 
each  increase  of  load  carefully  tabulated  with  the  following  results: 

"Test: — Three  sections  of  floor  measurinjr  7  feet  6  inches  in  width-;  span  22 
feet,  ends  resting  upon  siipi)orts  ;  load  distributed  over  four  points  corresponding 
witli  the  positions  of  the  rails. 

Load,  Tons.  Deflection  at  Center. 

30 Nil 

35 \  inch 

40 1%     " 

50 A     " 

60 f     " 

70 if     " 

80 H       " 

!)0 U       " 

100 li^«     " 

110 2       inches 

"  The  floor-plates  ultimately  collapsed  by  a  total  rupture  of  the  tee- 
bars  at  163  tons,  and  with  a  deflection  of  10  inches. 

"  In  the  preliminary  stages  of  manufacture  of  the  floor  considerable 
difficulty  was  experienced.  The  plates  were  heated  in  a  furnace  and 
were  bent  in  a  hydraulic  press  by  dies  to  the  required  form,  but  it 
was  found  that  in  cooling  the  extreme  ends  curled  upwards  and  spread 
outwards.  After  many  trials,  and  by  giving  the  dies  a  "  set "  in  oppo- 
site directions,  and  by  fixing  the  plates  in  a  simply  constructed  frame  to 
cool,  truth  and  uniformity  in  the  shape  of  the  plates  was  eventually 
secured.  The  rivet  lioles  along  both  edges  of  the  plates  were  then 
drilled  simultaneously  by  special  machinery.  The  system  was  brought 
to  such  perfection,  that  from  a  single  heating  oven  and  press,  and  from 
one  drilling  machine,  occasionallj'^  45  plates,  or  sufficient  to  floor  the  via- 
duct for  a  length  of  112  feet,  were  turned  out  daily,  bent,  drilled  and 
ready  for  fixing.  At  the  final  operation,  344  plates  were  pressed  in  six 
days  by  one  gang  of  men.  When  they  were  ready,  bent  and  drilled,  a 
tee-bar  was  riveted  between  them  at  their  springing.  The  rivets  were 
closed  up  by  means  of  machine  riveters,  both  heads  being  easily  accessible 
from  the  under  side.  The  rivets  were  put  in  by  each  machine  at  the  rate 
of  400  per  hour." 
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The  following  description  of  the  solid  floor  on  the  Forth  Bridge, 
begun  1882,  completed  1890,  is  taken  from  Engineering  News  : 

"  The  bridge  carries  a  double  track  railway,  and  each  line  of  rails  is  laid 
in  a  trough  built  up  of  plates  and  angles  forming  a  guard  on  each  side  of 
each  rail  (Plate  I,  Fig.  8).  The  tracks  were  laid  with  rails  of  bridge 
section,  weighing  120  pounds  per  yard,  and  about  28  feet  long.  They 
are  secured  to  teak  longitudinals  by  screw  spikes  8  inches  long,  which 
pass  through  the  flanges  of  the  rail.  The  longitudinals  are  about  12 
inches  by  6  inches  in  section,  and  are  kept  in  line  by  horizontal  wedges 
driven  between  them  and  the  sides  of  the  troughs,  which  prevent  the 
use  of  transverse  connections.  At  joints  and  some  other  places  a  filling 
of  vertical  creosoted  pine  blocks  is  used,  making  a  good-looking  piece  of 
work,  and  being  very  safe  in  case  of  derailment.  It  is  not  to  be  put  in 
continuously,  however,  partly  (m  account  of  the  c(vst,  and  partly  as  it 
would  prevent  inspection  of  parts  of  the  iron  work  of  the  trough.  The 
timbers  rest  upon  a  continuous  bearing  of  wooden  blocks  with  pitch  fill- 
ing. The  floor  is  of  buckle  plates  with  holes  to  let  ott'the  water.  There 
is  no  ballast.  The  floor  seems  to  he  very  rigid  and  without  sufficient 
provision  for  cushioning  the  vibrations  started  by  trains.  The  trains 
make  a  iiarsh  metallic  sound  and  a  jarring  in  passing  over  the  bridge 
and  this  noise  and  uneasy  jarring  are  unpleasantly  noticeable  in  riding 
in  the  cars.  The  change  is  very  pronounced  when  the  train  runs  into 
the  embankment  approach,  where  the  track  is  laid  with  the  same  rails 
on  longitudinals,  with  transoms,  in  broken  stone  ballast;  the  train  then 
riding  smoothly  and  quietly." 

All,  or  nearly  all,  of  the  English  railways  use  solid  floors  exten- 
sively on  their  bridges.  The  Great  Western  Railway  uses  troughs  laid 
transversely  and  filled  with  ballast.  Trough  floors  are  also  used  on  the 
Great  Eastern  Railway,  notably  on  that  part  not  far  from  the  Liverpool 
Street  terminus  where  the  track  is  elevated  on  brick  viaducts  with  plate 
girder  bridges  across  the  streets. 

The  great  bridge  over  the  Mersey  at  Runcorn  has  an  iron  floor, 
with  angle  iron  guard  rails  ou  each  side  of  and  at  some  distance  from 
the  track  rails,  forming  a  wide  trough. 

When,  between  1886  and  1890,  the  London  &  Southwestern  Rail- 
way widened  its  line  to  accommodate  two  more  lines  of  track,  and 
replaced  its  oldest  cast-iron  bridges  with  girders,  a  trough  floor  was  used 
on  the  bridges  of  the  form  described  in  connection  with  the  Tower 
Bridge,  London,  resting  on  the  bottom  flanges  of  the  girders.  The 
troughs  were  made  eight  inches  deep,  of  2-inch  metal,  which  received 
two  coats  of  Stockholm  tar  after  they  were  placed  in  position,  and  then 
filled  with  a  mixture  of  tar  and  gravel. 

The  rails  are  supported   on    longitudinal   timbers,  18  inches  by  7 
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inches,  secured  to  the  floor  troughs  by  angles.  To  carry  off"  the  surface 
drainage,  there  is  a  1-iuch  hole  in  each  trough,  close  to  the  connection 
with  the  central  girder,  this  girder  being  set  I2  inches  low,  and  a 
wrought-iron  girder  is  riveted  to  the  soflit  of"  the  flooring,  and  carried 
to  the  abutments,  whence  the  water  is  conveyed  to  the  street  sewer  by  a 
down  pipe  built  in  a  chase. 

These  works  are  very  completely  described,  and  results  of  tests  of 
the  flooring  given  in  a  paper  by  Mr.  Alfred  Weeks  Szlumper,  before  the 
Inst.  C.  E.  (see  Vol.  CVII,  pp.'  287-304). 

The  writer  has  lately  had  called  to  his  attention  a  new  English 
floor  known  as  Knight's  Improved  Steel  Floor  Plate.  This  form  was 
patented  October  16,  1894,  and  is  intended  for  use  on  all  kinds  of 
bridges  as  well  as  for  warehouse  floors,  etc.  The  drawing  (Plate  I,  Fig.  7) 
shows  its  method  of  application  longitudinally  for  a  railroad  girder 
bridge,  but  it  can  be  placed  in  any  position,  with  troughs  running  longi- 
tudinally or  transversely,  and  either  side  up.  The  inventor  claims  the 
combined  advantages  of  both  trough  and  buckle  plate  forms. 

The  Swiss  Northeastern  Railway  has  in  use  several  bridges  with 
solid  trough  floors.  The  type  is  shown  by  the  drawing  (Plate  1,  Fig.  4). 
The  troughs  are  used  both  transversely  and  longitudinally,  the  form  of 
trough  being  decidedly  different  from  others.  One  distinguishing  feature 
of  these  bridges  is  the  method  of  carrying  the  ballast  uninterruptedly 
from  bank  to  bank.  This  mode  of  (,'onstruction  is  found  to  make  the 
structures  from  10  per  cent,  to  15  per  cent,  heavier  and  more  expensive, 
but  on  the  other  hand  their  vibrations  are  reduced  almost  to  a  mini- 
mum. The  troughs  rest  on  flat  straps  of  iron  ||-  inch  high  and  about 
2  inches  wide,  fastened  to  the  tops  of  the  floor  beams  by  countersunk 
rivets.  These  straps  serve  to  protect  the  angles  of  the  floor  beams  from 
being  bent  downward  from  strains  on  the  troughs,  and  also  to  transmit 
the  live  loads  to  the  floor  beams  axially.  On  both  sides  of  the  track, 
sheets  of  iron  are  placed,  resting  against  the  gusset  plates  connecting 
the  floor  beams  with  the  main  girders.  The  box  thus  formed  receiv'es 
the  ballasting  to  the  height  of  12  inches  above  the  tops  of  the  troughs. 
The  ballast  rests  upon  a  solid  layer  of  concrete,  which  covers  the 
troughs  entirely.  A  very  strong  and  heavy  cross-section  of  trough  is 
used,  the  width  of  foot  being  12  inches,  height  5  inches,  weight  per  yard 
62.5  pounds,  material,  mild  steel. 

A  peculiar  solid  floor  on  a  single  track  railway  bridge  in  Germany 
is  described  in  the  Centralblati  der  Bauerxmltmig  by  Rein  hard  Goer- 
ing.  The  transverse  girders  are  connected  by  five  stringers  which  are 
covered  by  trough  plates  filled  with  concrete.  The  concrete  is  covered 
in  turn  by  asi)halt,  forming  a  firm  bed  for  a  course  of  corrugated 
galvanized   ii'on.     The  corrugations  are   6   inches  wide  and   18  inches 
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deep,  running  across  the  bridge.  On  this  is  gravel  ballast  confined  at 
the  sides  by  metal  plates,  forming  an  inclined  curb.  The  drainage 
water  percolates  through  the  gravel  to  the  corrugated  iron,  and  thence 
by  longitudinal  sheet-zinc  troughs  to  the  earth  back  of  the  abutments. 
The  total  cost  of  the  floor  is  said  to  be  95  cents  per  square  foot. 

Solid  floors  are  used  extensively  in  India,  many  forms  being  in  use. 
Some  of  the  older  brick  arches  were  repaired  by  making  a  solid  floor 
of  old  rails  laid  lengthwise  and  covered  by  at  least  9  inches  of  ballast. 
Some  buckle-plate  and  trough-shapes  are  used,  and  Messrs.  Dorman, 
Long  &  Co.,  Limited,  of  ^riddlesborough,  England,  illustrate  a  special 
shape  of  troughing  in  their  hand-book  of  steel  sections  for  use  on  the 
Indian  State  Railways.  It  is  very  like  the  form  used  on  the  Tower 
Bridge  in  London,  and  described  above. 

In  America,  solid  floors  for  railroad  bridges  were  not  introduced 
extensively  until  within  a  comparatively  recent  period.  It  is  true,  a 
few  bridges  were  built  with  floors  which  would  be  properly  considered 
in  this  history,  altliough  not  included  precisely  within  the  term  as 
generally  used  in  connection  with  railroad  bridges,  since  they  were 
used  not  so  much  for  the  reasons  now  so  seriously  considered  as  to 
obtain  a  bridge  floor  safe  against  fire,  or,  on  short  spans,  to  cheaj)en  the 
cost  of  the  floor  by  omitting  the  common  form  of  floor- beams  and 
stringers. 

As  early  as  1874,  small  bridges  were  built  with  a  floor  of  old  rails 
laid  crosswise  directly  upon  the  top  chords  of  the  girders  or  trusses,  and 
covered  with  ballast  in  which  were  bedded  the  ties.  Several  such 
bridges  still  exist  and  give  satisfaction.  A  number  of  rail  floors  were 
laid  on  the  New  York  Central  about  1874  and  later,  consisting  of  old 
rails  laid  lengthwise,  directly  upon  the  abutments  of  short  spans,  and 
close  together  for  12  feet  in  width.  Upon  these  were  placed  one  foot 
of  gravel  ballast  and  the  track  laid  directly  thereon. 

There  is  a  peculiar  metal  floor  on  the  N.  Y.  &  N.  E.  R.  R.  bridge 
over  the  N.  Y.  C.  &  H.  R.  R.  R.  tracks,  at  Fishkill.  N.  Y.,  which, 
while  it  cannot  be  properly  classed  as  a  solid  floor,  is  interesting  in  con- 
nection with  rail  floors.  It  consists  of  built  floor-beams  and  stringers 
of  usual  construction,  but  instead  of  using  wooden  ties,  old  rails,  planed 
on  the  ball,  are  placed  across  the  stringers  upside  down,  and  held  in 
position  by  bent  plates  riveted  to  the  top  flanges  of  the  stringers  and 
bolted  to  the  webs  of  the  rails.  Upon  these  the  track  and  guard  rails 
(the  latter  also  of  railroad  rails)  are  laid  and  fjistened,  and  lines  of 
■j-*^-inch  deck  plates  are  laid  between  the  track  and  guard  rails  and  for  a 
width  of  14  inches  inside  of  the  track  rails  on  each  side. 

For  a  number  of  years,  also,  wH)odeu  trestles  have  been  in  use  on 
some  of  our  railroads,  with  solid  wooden  floors  covered  with   ballast. 
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For  illustration,  the  type  of  wooden  trestle  used  in  many  places  on  the 
Soiitliern  Pacific  Railway  is  shown  on  Plate  III,  Fii;.  7.  This  type  of 
floor  has  been  used  on  this  road  since  1887.  Mr.  Julius  Kruttschnitt,  to 
whom  the  writer  is  indebted  for  plan  and  description  of  the  floor,  says  : 

"  These  ballasted  structures  are  built  of  creosoted  timber  only, 
which  we  treat  at  our  own  wood-preserving  works  near  Houston.  Their 
cost,  for  heights  varying  from  4  to  12  feet,  is  from  $8.00  to  $8.50  per 
lineal  foot,  built  under  traffic,  the  lower  cost  applying  to  trestles  of  four 
or  more  panels,  and  the  higher  to  trestles  of  less  than  four  panels. 

"  We  have  never  experienced  the  least  want  of  better  drainage,  or 
any  lack  of  stiffness,  as  you  can  well  imagine  from  the  substantial 
character  of  the  floor. 

"  Perhaps  the  best  manner  in  which  to  illustrate  our  faith  in  this 
style  of  floor,  would  be  to  .state  that  on  January  1,  1895,  we  had  some 
45,730  lineal  feet  of  these  structures  in  our  main  line  of  1200  miles, 
and  from  the  time  of  their  inception  to  the  present  time,  we  have  spent 
nothing  on  them  for  ordinary  repairs. 

"  The  durability  of  these  structures  depends,  in  the  main,  upon  the 
life  of  the  creosoted  timber  used  in  their  construction,  and  whilst  this 
life  is  not  within  the  range  of  our  own  experience,  we  are  led  to  believe 
from  the  experience  of  others  that  we  can  conservatively  count  on 
twenty  years,  at  least." 

Several  other  railroads  have  wooden  trestles  with  solid  ballasted 
floors.  The  Houston  and  Texas  Central  Railroad  has  a  standard  type 
of  trestle  diftering  somewhat  from  that  of  the  Southern  Pacific.  Eight 
lines  of  7  X  14  inch  stringers  are  placed  on  the  caps  of  the  bents,  and 
are  covered  with  2  x  12  inch  planking  14  feet  long,  laid  cross\yise. 
4x6  inch  longitudinal  pieces  are  bolted  to  the  ends  of  the  planking  to 
catch  the  ballast.  The  track  is  laid  in  the  ballast  in  the  ordinary 
manner.  This  type  is  also  built  of  creosoted  timber,  and  the  average 
cost  is  $8.50  per  lineal  foot. 

The  Illinois  Central  Railroad  has  also  used  solid  floor  trestles  on 
some  of  its  southern  divisions,  built  of  black  and  red  cypress  without 
creosoting.  Their  life  is  estimated  at  twelve  years.  The  general  design 
of  the  floor  is  very  much  like  that  of  the  Southern  Pacific  type. 

Mr.  Wolcott  C.  Foster,  in  his  book  on  "  Wooden  Trestle  Bridges," 
illustrates  a  solid  floor  pile  trestle,  with  ballasted  road-bed,  used  on 
the  Louisville  and  Nashville  Railroad.  The  Richmond,  Fredericks- 
burg and  Potomac  Railroad  also  uses  a  ballasted  wooden  floor  on 
trestles  as  a  protection  against  fire  and  to  deaden  the  noise.  Mr.  E.  T. 
D.  Myers,  in  writing  of  this  floor,  says  :  "  Our  experience  goes  to  show 
that  the  supporting  wooden  stringers  are  quite  as  durable,  if  not  more 
so,  under  such  treatment." 
22 
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A  noticeable  point  in  all  these  wooden  floors  is  the  absence  of 
guard  rail  of  any  kind,  the  track  being  laid  and  maintained  in  the  bal- 
last precisely  the  same  as  upon  other  parts  of  the  road. 

Some  time  in  1887,  iSIr.  George  S.  Morison  prepared  plans  for  his 
bridge  across  the  Willamette  River.  The  conditions  surrounding  its 
construction  were  such  that  a  very  stiff  and  permanent  floor  must  be 
designed  with  very  scant  depth.  Mr.  Morison  went  across  the  water  for 
his  idea,  and  adopted  the  Lind§ey  trough  for  the  floor  of  this  bridge, 
using  a  section  about  12  inches  deep.  This,  so  far  as  the  writer  is  able 
to  determine,  is  the  first  instance  of  a  solid  metal  trough  floor  used  in 
America.  Later,  in  designing  a  bridge  in  Omaha,  Mr.  Morison  had 
occasion  to  use  a  solid  floor  in  order  that  the  tracks  might  be  laid  upon 
it  in  any  position  and  that  a  tight  floor  over  the  street  might  be  ob- 
tained. He  prepared  patterns  for  a  trough  shape  similar  to  that  used 
upon  his  Willamette  bridge,  and  the  troughs  were  rolled  by  the  Pencoyd 
Iron  Works.  This  appears  to  have  been  the  origin  of  the  "  Pencoyd 
Section"  still  so  frequently  used,  and  to  account  for  the  similarity 
between  this  section  and  the  earlier  design  of  Lindsey's  floor  in  England. 

Shortly  after  this,  or  in  1888,  the  New  York  Central  began  its 
work  of  building  solid  trough  floors  for  bridges  and  covering  them  with 
ballast,  thus  obtaining  a  continuous  ballasted  track  from  bank  to  bank. 
This  road  is  conceded  to  have  been  the  first  to  adopt  solid  metal  floors 
as  a  standard,  and  appears  to  have  adopted  this  standard  in  compliance 
with  a  law  enacted  in  the  State  of  New  York,  on  November  1,  1887, 
providing  that  floor  systems  shall  be  maintained  on  all  bridges  so  con- 
structed as  to  support  a  derailed  locomotive  or  cars.  The  first  of  these 
to  be  built  was  bridge  No.  547  on  the  Mohawk  and  Hudson  Division, 
and  the  form  of  ballasted  trough  adopted  for  that  case  is  essentially  the 
same  that  has  been  most  extensively  used  ever  since  on  this  road,  con- 
sisting of  plates  and  angles  forming  parallel  square  troughs,  in  which 
are  placed  the  ties  on  ballast. 

The  drawings  (Plate  II,  Figs.  1  and  2)  show  two  types  of  floors 
used  on  their  shorter  spans.  The  first  is  Peucoyd's  Section  No.  209, 
weighing  24.8  pounds  per  square  foot.  This  is  said  to  be  the  cheaper 
form  for  small  openings.  The  other  form  is  their  standard  square 
trough.  The  drawing  shows  the  floor  on  the  four-track  bridge  over  the 
165th  Street  sewer.  The  total  length  is  24  feet,  clear  span  21  feet,  and 
2  feet  depth  of  floor.  The  cost,  including  ballast,  etc.,  was  $500  per 
track,  equivalent  to  about  $21  per  lineal  foot  of  single  track. 

The  Oriskany  Bridge,  on  this  road,  was  built  in  1889  and  carries  a 
solid  floor  of  the  square  trough  pattern  suspended  by  angle  hangers  from 
a  stiff  bottom  chord.  This,  like  most  of  the  others,  is  ballasted.  The 
floors  of  the  longer  spans  are  built  with  the  troughs  running  transversely 
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instead  of  longitudinally,  as  shown  on  the  drawings  representing  the 
shorter  spans. 

The  New  York  Central  is  now  finishing  a  large  bridge  and  viaduct 
approach  over  the  Harlem  River,  using  the  same  square  troughs,  but  in 
this  case  they  expect  to  rest  the  rails  directly  upon  the  troughs,  fasten- 
ing them  on  rail-plates  by  means  of  a  special  clip.  On  the  approach, 
also,  the  design  has  been  slightly  changed  in  detail  to  facilitate  field 
riveting  by  increasing  the  width  of  the  top  horizontal  plate  at  the  field 
splices  of  the  floor  and  turning  the  corresponding  angle  into  the  trough. 
This  does  away  with  so  much  field  riveting  through  the  floor. 

In  the  summer  of  1889,  Mr.  A.  F.  Robinson,  then  in  the  employ  of 
Mr.  E.  L.  Corthell,  designed  the  solid  floors  for  the  Clyde  crossing  of 
the  Chicago,  Madison  &  Northern  Railroad  over  the  tracks  of  the 
Chicago,  Burlington  &  Quincy  Railroad,  near  Chicago.  This  was  also 
a  square  trough,  12  inches  deep,  resting  upon  shelf  angles  riveted  to  the 
stiff"  bottom  chord  of  the  pin-counected  truss,  or  to  the  web  of  the 
gii'ders,  just  above  the  flange.  By  this  design  a  total  depth  from  base 
of  rail  to  bottom  of  structure  of  only  18  inches  was  obtained.  Shelf 
angles  were  riveted  at  intervals  in  the  troughs  6  inches  below  the  tops, 
and  the  8-inch  ties  rested  upon  these  angles,  thus  clearing  the  rail 
2  inches  above  the  iron  work. 

The  New  York,  Providence  &  Boston  Railroad  began  giving  atten- 
tion to  metalic  solid  floors  about  1889.  Their  bridge  No.  69  at 
Saundersville,  Mass.,  was  built  during  the  summer  of  that  year.  It 
consists  of  Pencoyd  Section  No.  209,  57.9  pounds  per  yard,  filled  with 
asphalt  and  ballast.  Several  otlier  cases  might  be  noted  where  one  or 
the  other  of  these  two  forms  of  trough,  viz.,  the  square  trough  of  plates 
and  angles  and  the  Pencoyd  Section,  were  used  previous  to  1890,  but  up 
to  that  date  there  seems  to  have  been  no  other  form  applied. 

But,  that  American  engineers  were  rapidly  waking  up  to  the  great 
advantage  and  many  merits  of  solid  metal  floors  for  railroad  bridges,  is 
evident  from  the  greatly  increased  space  given  to  their  consideration  in 
the  engineering  papers  from  this  time  on,  and  by  the  following  extract 
from  President  Wm.  P.  Shinn's  annual  address  before  the  convention  of 
the  American  Society  of  Civil  Engineers  in  1890 : 

"The  subjoct  of  bridge  floors  is  one  which  has  long  needed  more 
careful  attention,  and  it  is  gratifying  to  observe  that  the  New  York 
Central  has  awakened  to  its  importance,  and  is  now  building  or  refitting 
many  of  the  short-span  bridges  with  solid  buckle  plate  or  plate- iron 
floors,  upon  which  the  ballast  is  carried  uninterruptedly.  Every  experi- 
enced engineer  of  maintenance  of  way  knows  how  extremely  difficult  it 
is  to  secure  and  maintain  such  perfection  of  surface  that  the  transitions 
from  ballast  to  track  on  wooden  bridge  floors  and  vice  versa  shall  be 
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smooth  and  without  shock.  This  difficulty  is  avoided  by  the  character 
of  floor  adopted  by  the  New  York  Central.  Its  advantage  in  case  of 
derailment  was  shown  on  November  12,  1889,  when  five  cars  of  the 
west-bound  freight  train  left  the  rails  and  dragged  across  the  new  Erie 
Canal  Bridge  at  Rome,  which  had  been  provided  with  a  floor  of  this 
character.  The  cars  were  scattered  all  over,  two  having  their  trucks 
pulled  from  under  them  ;  the  ties  and  road-bed  were  torn  up  so  that  it 
looked  as  if  the  company  had  been  trying  to  run  one  train  on  two 
tracks,  but  no  damage  was  done  to  the  bridge.  It  is  plain  that  true 
economy  calls  for  construction  of  this  character,  where  it  is  possible, 
or  where,  as  is  being  done  by  the  Pennsylvania  Railroad  Company,  it  is 
not  found  practicable  to  replace  the  iron  bridges  with  stone  arches." 

From  this  time  forward,  other  forms  rapidly  came  into  use,  and 
new  designs  or  modifications  of  older  ones  appeared  in  rapid  succession 
as  the  details  of  construction  for  various  needs  and  special  cases  were 
worked  out  by  different  minds. 

Mr.  Robinson  read  a  paper  before  the  American  Society  of  Civil 
Engineers  in  September,  1892,  presenting  a  design  for  a  solid  trough 
floor.  His  object  was  to  obtain  a  shallow  floor  of  the  most  acceptable 
pattern,  and  he  adopted  a  square  trough  of  plates  and  angles,  dif- 
fering only  in  detail  from  that  which  he  used  in  the  design  of  the  Clyde 
Viaduct,  already  described.  He  uses  a  pin-connected  span  without  the 
stiff  bottom  chord  and  connects  his  troughs  by  bent  plate  hangers  to  an 
auxiliary  plate  girder  which  is  fastened  to  the  posts  below  the  lower 
chord  pins.  He  uses  wooden  ties  resting  on  bent  plate  shelf  supports  in 
the  troughs.  Mr.  Robinson  gives  the  following  reasons  for  adopting  the 
square  trough  of  plates  and  angles : — 

"First.  For  through  bridges  the  box  floor  must  be  suspended  (on 
account  of  scant  head-room),  which  makes  vertical  webs  necessary. 

"  Second.  A  floor  is  required  in  which  the  width  and  depth  of  the 
boxes  can  be  easily  varied. 

"  Third.  In  section  No.  4  (see  No.  2  of  Fig.  5,  Plate  I),  there  are 
channel  bars,  the  price  of  which  is  usually  controlled  by  a  pool.  In 
section  No.  5  (see  No.  3  of  Fig.  5,  Plate  I),  there  are  Z-bars  which  are 
not,  at  present,  rolled  as  deep  as  necessary  for  our  floor." 

Mr.  Geo.  H.  Thomson,  in  discussing  the  above  paper,  presented 
drawings  of  several  forms  of  metal  floors  used  by  him  in  various  bridges. 
One  of  them  is  of  interest  here,  being  different  from  those  thus  far  dis- 
cussed. It  consists  of  Pencoyd  Section  No.  260,  connected  by  horizon- 
tal plates,  the  troughs  thus  formed  are  riveted  to  the  top  flanges  of  the 
main  girders  and  the  bottoms  filled  with  asphalt  concrete  laid  to  drain 
to  the  center,  the  concrete  covered  with  stone  ballast  six  inches  deep 
between  tops  of  troughs  and  bottoms  of  the  wooden  ties.  Mr.  Thomson 
says  of  this  form  : — 
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"  Some  (lifHculty  is  experienced  in  making  the  tronghs  fit  the 
girders,  owing  to  the  stretch  of  the  former  after  manufacture." 

The  discussion  of  Mr.  Robinson's  paper  also  brought  out  the  sug- 
gestion of  a  new  form  of  trough  which,  though  it  has  never  been  used,  is 
worthy  of  mention.  Mr.  Barbour  wrote  to  the  Engineering  Record, 
under  date  of  September  29,  1892,  suggesting  a  floor  of  cliannels  and 
plates  (Plate  II,  Fig.  10),  claiming  economy  in  such  a  form.  In  a  later 
communication  Mr.  W.  Bleddyn  Powell  says: — 

"I  would  respectfully  urge  iu  place  of  such  a  section  one  comi)osed 
of  Z-bars,  as  the  distribution  of  metal  in  the  entire  section  would  then 
be  equal,  whereas  with  the  section  proposed  the  spaces  back  of  the  chan- 
nels would  require  for  the  bottom  plates  a  section  50  per  cent,  or  75  per 
cent,  greater  than  those  forming  the  top  chord  over  the  flanges  of  the 
channels.  The  necessity  of  built-up  sections  for  use  in  bridge  floors, 
other  than  those  contained  in  the  mill  books,  does  not  seein  to  me  to  be 
of  special  interest  or  importance." 

In  a  still  later  letter  Mr.  Barbour  defends  his  channel  section, 
stating  that  it  can  be  used  to  greater  depths  than  Z-bars. 

About  this  time  (1892),  there  was  built  the  plate  girder  bridge 
carrying  the  New  York,  Providence  &  Boston  Railroad  into  the  station 
at  Worcester,  Mass.,  including  a  floor  very  different  from  anything  that 
had  yet  been  devised.  This  floor,  shown  on  Plate  II,  Fig.  3,  was  de- 
signed and  patented  by  Mr.  J.  R.  Worcester,  Chief  Engineer  of  the 
Boston  Bridge  Works.  It  consists  of  a  series  of  parallel  V-shaped 
troughs  of  plates  and  angles  running  transversely  and  connected  to  the 
webs  of  the  girders  by  angles  and  brackets.  Along  the  center  line  of 
the  bridge,  the  floor  is  stiffened  by  V-shaped  plates  fitting  into  the 
troughs  and  secured  by  angles,  as  shown  in  the  small  sketch  accompany- 
ing the  drawing.  The  troughs  are  filled  with  concrete  to  a  height  of 
5  inches  above  their  tops,  upon  which  is  laid  the  ballast  and  track  in  the 
usual  n)anner. 

All  the  bridges  of  the  Adirondack  &  St.  Lawrence  Railroad  have 
solid  floors,  those  under  10  feet  span  having  rail  floors,  from  10  feet  to 
34  feet  having  longitudinal  troughs,  and  over  34  feet  span  transverse 
troughs.  The  Trenton  Falls  bridge  on  this  road  is  a  three-span  struc- 
ture, completed  during  the  winter  of  1892-93,  the  central  span  being 
100  feet  in  length  and  fitted  with  the  square  form  of  trough  already 
described.  The  other  two  spans  are  shorter  and  have  a  different  type 
of  floor  trough,  shown  on  Plate  II,  Fig.  5.  It  consists  of  a  trough  simi- 
lar to  the  other  but  shallower  and  built  without  the  vertical  plates,  the 
vertical  legs  of  the  angles  being  long  enough  to  be  riveted  directly 
together. 

Few  of  the  floors  up  to  this  time  had  been  especially  designed  to  be 
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water-tight  so  as  to  be  suitable  for  overhead  street  crossings.  In  some 
cases  this  had  been  effected,  but  the  conditions  had  not  been  many  where 
such  were  required.  But  as  soon  as  solid  floors  began  to  be  contem- 
plated in  connection  with  designs  for  the  abolition  of  grade  crossings  in 
cities,  the  problem  of  water  tight  bridge  floors  provided  with  proper 
drainage  naturally  arose  and  became  an  important  one. 

Among  the  first  to  build  a  system  of  overhead  bridges  was  the 
Illiuois  Central  Railroad,  when,  during  1892  and  1893,  that  road  carried 
out  its  great  task  of  elevating  its  main  tracks  within  the  city  limits  of 
Chicago.  The  form  of  floor  adopted  for  these  bridges  was  the  Pencoyd 
Section,  chiefly  because  that  Avas  the  only  suitable  ready  rolled  shape, 
and  limited  time  prevented  the  consideration  of  other  more  complicated 
forms.  These  trough  floors  are  6  inches  deep  and  all  rest  on  shelf 
angles  riveted  to  the  webs  of  the  girders.  The  successive  changes  in  the 
method  of  laying  the  track  on  these  floors  and  the  reasons  determining 
these  changes  are  very  interesting. 

The  original  plan  for  bridges  not  over  13  feet  wide,  center  to  center 
of  girders,  contemplated  putting  asphalt  in  the  troughs  and  placing  the 
ties  upon  this.  But  the  heavy  traffic  during  the  World's  Fair  prevented 
this  from  being  accomplished  either  at  first  or  afterward,  so  that  for  over 
a  year  the  tracks  were  operated  with  the  ties  resting  directly  on  the 
lower  part  of  the  troughs  without  any  cushion,  just  as  they  were  tem- 
porarily placed  at  first.  During  this  time  the  accumulation  of  sand, 
gravel  ballast,  cinders,  etc.,  around  and  under  the  ties  was  assisting 
immensely  in  the  rusting  process,  and  during  1894  the  tracks  were  raised 
and  the  ties  placed  on  the  upper  part  of  the  troughs.  This  is  the  present 
state  of  these  floors,  leaving  the  metal  free  to  be  cleaned  and  painted 
when  necessary,  and  always  exposed  so  that  no  rust  can  escape  discovery. 

A  different  method  of  laving  the  track  on  bridges  wider  than  13 
feet,  center  to  center,  consists  of  fastening  the  rail  to  longitudinal  stringers 
by  Marshall  clips,  the  stringers  being  about  4  inches  high  and  placed 
between  two  8-inch  deck  beams  riveted  to  the  floor,  thus  forming  an  inner 
and  outer  guard  rail.  This  design  is  so  worked  out  that  the  rail  is 
insulated  on  wooden  bearings,  etc.,  so  that  an  electric  signalling  appar- 
atus will  work  automatically  with  a  track  circuit. 

Still  another  way  that  the  Illinois  Central  is  using  this  same  trough, 
though  of  deeper  section,  is  to  cover  it  with  ballast  to  a  depth  of  2  inches 
over  the  upper  parts  and  lay  the  ties  and  rails  thereon  without  guard 
rail. 

These  floors  are  all  provided  with  drainage  holes  through  the 
troughs  at  each  end,  near  the  girder  connection  ;  and  the  original  plan 
included  the  placing  of  gutters  under  the  girders  leading  to  down  spouts 
near  the  column  supports  where  the  floors  were  used  over  streets. 
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The  Gaspee  and  Promenade  streets  bridges  of  the  Boston  and 
Providence  Railroad,  near  the  Providence  station,  were  completed  in  the 
fall  of  1894.  The  shape  of  the  floor  used  is  shown  on  Plate  II,  Fig.  4, 
and  was  a  complete  departure  from  any  existing  patterns.  The  condi- 
tions surrounding  the  construction  of  these  bridges  required  a  possible 
change  in  the  location  of  the  tracks  after  completion,  and  this  condition, 
together  with  the  large  area  of  the  bridge,  made  it  impossible  to  so 
treat  the  structure  as  to  shed  water  at  the  ends  or  sides.  To  support 
the  assumed  loads  a  series  of  troughs  10  inches  deep  was  required.  The 
deepest  available  rolled  troughs  with  tight  bottom  at  that  time  being 
only  6  inches,  and  even  this,  having  awkward  features  in  shop  construc- 
tiou,  led  to  the  design  adopted.  The  inventors  and  patentees  of  this 
floor  are  Messrs.  George  B.  Francis  and  E.  P.  Dawley.  The  particular 
merits  claimed  for  their  floor  are :  (1)  Simplicity  in  rolling;  (2)  adap- 
tability to  power  riveting ;  (3)  elimination  of  difficulty  in  accurate 
spacing,  center  to  center  of  shapes ;  (4)  smooth  base  on  which  to  rest; 
(5)  avoidance  of  rivet  holes  in  bottom  or  tension  flange  when  treated  as 
a  girder  ;  (6)  water-tight  bottom,  and  (7)  a  variability  in  height  within 
reasonable  limits  while  preserving  all  of  the  other  features.  The  shapes 
are  so  placed  that  the  water  collected  in  the  troughs  is  discharged  at  the 
ends,  where  they  rest  on  shelf  angles  on  the  webs  of  the  intermediate 
longitudinal  box  girders,  and  flows  into  gutters  and  down  spouts  placed 
for  the  purpose. 

The  Chicago  and  Northwestern  Railway  adopted  a  floor  differing 
again  from  existing  styles.  It  was  designed  by  Mr.  Louis  H.  Evans  and 
consists,  as  shown  on  Plate  II,  Fig.  7,  of  floor  beams  built  of  a  vertical 
plate  and  two  channels  10  inches  deep,  with  heavy  top  and  bottom  plate 
forming  an  I-section  and  connected  to  the  main  girders  by  the  ordinary 
gusset  plates.  Upon  these  beams  is  laid  plate-decking  j\  inch  thick. 
The  rails  are  carried  on  wooden  blocks  laid  in  trough  stringers  built  of 
a  plate  and  angles,  the  angles  forming  a  built  Z-bar.  It  was  originally 
intended  to  use  Z-bars  in  this  place,  but  the  plan  was  afterward  changed 
to  the  one  shown.  The  troughs  are  not  water-tight,  having  no  bottom 
plate  except  at  the  ends,  where  a  short  plate  is  riveted  through  the 
bearing  plate  to  the  shelf  angle  to  furnish  end  bearing  for  the  rail 
blocks.  These  blocks  raise  the  rails  to  clear  the  top  plates  of  the  beams, 
but  no  provision  appears  to  have  been  made  to  hold  them  firmly  in 
place.  Outside  the  trough  a  continuous  angle  is  riveted  to  the  plate- 
decking  to  serve  as  a  guard-rail. 

The  Denver  &  Rio  Grande  Railroad  has  lately  gotten  out  a  standard 
shallow  floor  for  girders  that  is  in  principle  somewhat  like  that  of  the 
Northwestern  floor.  The  floor,  designed  by  Mr.  J.  C.  Bland,  is  shown 
on  Plate  II,  Fig.  6.     It  is  designed  for  the  heaviest  engine  concentra- 
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tions,  and  the'letails  have  been  worked  out  with  care.  In  this  floor  also, 
tliere  are  iloor  beams  of  plates  and  channels,but  in  this  case  they  are 
placed  backs  outward  with  two  cover  plates  over  the  top  and  angles  riv- 
eted to  the  lower  part  of  the  webs  to  support  the  troughs.  The  entire 
width  of  the  bridge  is  covered  by  these  longitudinal  troughs  built  of  Z-bars 
5  inches  deep,  connected  by  horizontal  plates  above  and  below.  The 
bottom  plates  of  the  troughs  stop  short  of  the  connection  angles  and 
within  the  trough  at  this  point  a  short  angle  is  riveted  to  the  lower  flange 
of  the  Zs,  thus  leaving  a  slot  i  inch  by  3^  inches,  through  which  the 
drainage  water  escapes.  The  troughs  are  filled  with  bituminous  con- 
crete nearly  level  with  the  tops  of  the  ties,  or  even  with  the  tops  of  the 
short  check  angles  mentioned  above.  The  ties  rest  directly  upon  the 
troughs  and  are  not  dapped  down  upon  them,  but  the  guard  rail,  instead 
of  being  da])ped  over  the  ties  in  the  usual  manner,  is  let  down  upon 
them  by  dapping  ties  and  guard  rail  each  one  inch.  Ties  and  guard 
rail  are  then  bolted  down  upon  the  troughs. 

The  Lake  Shore  &  Michigan  Southern  and  the  Chicago,  Rock 
Island  &  Pacific  Railways  have  been  doing  considerable  work  during 
the  past  two  years,  requiring  the  use  of  water-tight  solid  floors,  in  the 
elevation  of  their  tracks  within  the  city  of  Chicago.  At  first  the  form 
of  floor  used  was  practically  the  same  as  that  so  generally  in  use  on  the 
New  York  Central :  viz.,  square  troughs  built  of  plates  and  angles.  The 
depth  of  this  floor  is  lOJ  inches  and  the  troughs  are  spaced  21*  inches 
center  to  center.  The  flooring  fits  between  the  lower  chord  flanges  of 
the  girders  with  a  clearance  of  one  inch  on  each  side  for  drainage,  and 
its  under  side  is  on  a  level  with  the  bottom  of  the  girder  flange.  The 
floor  is  reinforced  at  the  ends  and  provided  with  plates  and  angles  which 
rest  on  the  vertical  legs  of  the  girder  flange  angles  and  rivets  to  the  web 
of  the  girders.  It  is  also  stiflened  against  the  girders  with  gusset  ))lates 
and  angles  riveted  to  the  tops  of  the  corrugations  and  the  vertical  web 
stiffeners.  Upon  the  floor,  and  riveted  to  it  through  the  reinforced 
angles  on  each  side  of  every  corrugation,  are  rail  plates  under  each  rail, 
and  the  rails  are  fastened  directly  to  those  plates  by  special  clips.  Gut- 
ters to  catch  the  drainage  water  are  placed  under  each  girder,  leading 
to  down  spouts  at  the  column  supports  emptying  into  the  street  gutters. 

But  during  the  past  year  the  design  has  been  entirely  changed  and 
all  the  bridges  built  within  the  past  year  have  been  supplied  with  a  very 
dittereut  floor.  It  consists  (see  Plate  II,  Fig.  8j,  of  10-inch  by  33- 
pouud  I-beams  cut  at  the  ends  to  an  angle  of  about  60  degrees,  with  9i- 
inch  by  /^-inch  hanger  plates  riveted  to  each  end  in  the  shop  by  means 
of  angle  lugs  riveted  to  the  webs.  These  floor  beams  are  riveted  to  the 
girders  in  the  field  with  five  rivets  connecting  each  hanger  to  the  web, 
and  with  two  rivets  to  one  of  the  bottom  cover  plates  of  the  main  girder, 
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made  wider  for  tliis  purpose,  for  side  stiffness.  A  continuous  sheet  of 
Y^-inch  steel  plates  is  placed  upon  the  floor  beams  and  riveted  to  them. 
It  is  riveted  to  the  sides  of  the  girders  with  a  continuous  seam  through 
the  angle  irons,  provided  and  spliced  at  the  joints  with  5-inch  by  i-inch 
lap  plates  placed  below  the  surface.  The  girders  are  candiered  «  inches 
and  the  drainage  is  from  the  center  to  the  ends  of  the  bridge,  and  at  each 
end  the  sheet  covering  is  finished  with  an  angle  iron,  and  provided  with  a 
gutter  of  i-inch  sheet  steel,  which  drains  into  a  groove  cut  into  the  coping 
of  the  masonry  and  from  there  into  the  earth  fill  behind  the  abutments. 

Upon  the  plate  covering  of  the  floor,  and  riveted  to  it  and  the  floor 
beams,  are  laid  the  rail  plates  and  angle  guard  rail.  The  rail  plates  are 
alternately  arranged  for  rail  fastenings  and  for  rail  bearings  only.  The 
rails  are  fastened  to  these  rail  plates  by  means  of  special  close-fitting 
clips  bolted  snugly  to  place. 

Both  the  foregoing  plans  were  designed  by  Mr.  Albert  Lucius, 
Consulting  Engineer. 

Of  late  the  New  York  Central  has  also  adopted  a  similar  floor  as 
a  standard  for  through  girder  bridges.  In  their  plan,  however,  the 
beams  are  connected  directly  to  the  webs  of  the  girders  by  heavy  angles 
and  they  are  covered  with  plates  only  between  the  guard  rails,  which 
are  made  of  angles  laid  each  side  of  each  rail,  flaring  out  at  the  ends  of 
the  bridge.  The  rails  are  held  in  place  by  a  similar  clip  and  are  sepa- 
rated from  the  metal  work  by  indurated  fibre,  thus  insulating  them  for 
electric  signalling  purposes. 

The  writer  has  lately  had  occasion  to  design  a  solid  floor  for  a 
system  of  elevated  tracks  over  street  crossings,  which  is  illustrated  by 
Fig.  9,  Plate  II.  This  floor  consists  of  transverse  beams  of  I-section 
built  up  of  3-incli  by  3-inch  angles  and  12-inch  web  plates,  and  extending 
the  full  width  of  the  bridge.  These  beams  are  connected  to  the  girders 
by  means  of  6-inch  by  6-inch  angles  which  rivet  to  the  web  plates  of  the 
beams  and  directly  to  the  main  girders  without  the  aid  of  gusset  plates. 
On  top  of  the  beams  continuous  floor  plates  are  riveted,  making  an 
unbroken  water-tight  deck.  The  rails  are  attached  directly  to  the  iron 
work,  resting  on  bearing  plates  about  *  inch  thick  and,  when  necessary 
for  insulating  purposes,  indurated  fibre  plates  may  be  placed  between 
the  rails  and  the  j-inch  bearing  plates.  The  floor  plates  with  their 
splices  are  placed  lengthwise  of  the  bridge,  so  that,  with  the  assistance 
of  the  camber  or  the  grade  or  both,  the  water  may  drain  to  the  ends  of 
the  bridge  and  there  be  taken  care  of  by  properly  arranged  drains.  It 
will  be  noted  that  this  floor  is  made  up  of  the  most  readily  obtainable 
material,  plates  and  angles,  and  the  workmanship  is  of  the  simplest 
character. 

A  review  of  the  history  of  the  design  of  solid  metal  railroad  bridge 
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floors  reveals  a  curious  fact.  The  earliest  design  on  record  is  composed 
of  built  beams  supporting  an  iron  decking,  and  the  latest  forms  intro- 
duced are  quite  similar;  a  remarkable  illustration  of  the  old  saying 
that  "  history  repeats  itself" 

It  seems  proper  here  to  call  attention  to  the  fact  that  a  number  of  our 
larger  railway  systems,  principally  those  in  the  East,  are  obtaining  solid 
floors  in  a  great  many  cases  by  replacing  their  shorter  iron  spans  by 
masonry  arches,  which  enables  them  to  carry  their  road-bed  uninter- 
ruptedly from  bank  to  bank. 

In  designing  a  solid  floor,  consideration  should  be  given  to  the  fol- 
lowing features:  Accessibility  for  examination  and  painting  ;  facilities 
for  thorough  and  rapid  draining;  use  of  shapes  and  sizes  readily  ob- 
tainable from  the  mills;  simplicity  of  shop  construction;  cheapness  of 
first  cost  and  cost  of  maintenance ;  convenience  of  changing  location  of 
track  to  accommodate  switches,  frogs,  etc.;  and  the  attachment  of  floor 
to  girders  should  be  eflfective,  simple,  and  as  direct  as  practicable.  Ec- 
centricity of  connections  should  be  avoided.  The  floor  should  be 
arranged  to  carry  a  derailed  train  with  as  little  damage  to  it  or  the 
bridge  as  possible. 

Of  thedesigus  illustrated,  doubtless  some  are  better  suited  for  certain 
locations  than  others.  The  designer  should  thoroughly  consider  the  par- 
ticular case  in  hand,  allowing,  among  other  things,  for  the  current  prices 
of  the  various  shapes,  and  giving  due  consideration  to  all  the  factors 
contributing  to  the  excellence  of  his  structure.  Time  will,  in  the  future 
as  in  the  past,  undoubtedly  bring  about  the  "survival  of  the  fittest." 

As  to  highway  bridge  floors,  there  is  less  to  be  considered.  European 
engineers  are  before  us  also  in  the  use  of  solid  floors  for  highway  bridges, 
and  most  of  the  highway  bridges  of  England  are,  and  have  been  for  many 
years,  built  with  permanent  floors.  The  forms  in  use  are  varied,  plate 
iron,  buckle  plates,  corrugated,  and  arched  plates  being  mostly  used, 
though  some  of  the  simpler  forms  of  troughs  are  not  infrequently  met 
with.  The  trough  form  of  bent  plates  used  on  the  Tower  Bridge,  Lon- 
don, has  already  been  mentioned.  The  highway  bridge  over  the  Tay, 
Scotland,  has  a  similar  floor.  The  Cobdeu  Foue  Bridge,  at  Southamp- 
ton, has  a  floor  of  corrugated  iron  supported  on  shelf  angles  riveted  to 
the  floor  beams,  the  shelf  angles  being  curved  to  fit  the  crown  of  the 
roadway.  The  corrugated  floor  is  of  l-inch  metal,  and  the  corrugations 
are  6  inches  deep,  covered  with  concrete  and  wooden  paving  blocks. 

In  this  country  permanent  floors  are  all  of  comparatively  recent 
design.  The  Callowhill  Street  Bridge,  over  the  Schuylkill  River  at 
Philadelphia,  was  built  in  1875.  Its  floor  is  probably  the  earliest  of 
the  permanent  kind  built  in  America.  It  consists  of  square  buckle 
plate  flooring,  riveted  to  light  beam  stringers  at  the  sides  and  at  the 
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ends  to  T-bars  which  cross  the  beams.  The  buckle  plates  are  3  feet 
square  and  i  inch  thick  with  a  total  rise  of  2^  inches.  The  bridge  was 
built  by  the  Keystone  Bridge  Co.,  and  the  plates  manufactured  for  it 
are  probably  the  first  made  in  this  country. 

A  ribbed  steel  arch  bridge  at  East  Rock  Park,  New  Haven,  Conn., 
was  built  about  1889  with  a  floor  of  ordinary  floor-beams  covered  with 
creosoted  pine  plank  4  inches  by  12  inches  laid  longitudinally,  which  was 
in  turn  covered  with  3-inch  by  12-inch  creosoted  pine  planking  laid 
transversely.  Over  this  was  laid  a  double  thickness  of  tar-paper 
covered  with  a  wearing  surface  of  asphalt  2?  inches  thick.  The  bridge 
proves  very  rigid  and  gives  good  satisfaction. 

But  even  with  all  this  care  to  obtain  a  stifi'aud  permanent  floor,  its 
design  is  eclipsed  by  the  paved  floors  on  metal  plates,  which  have  since 
been  used  so  often  in  spite  of  some  opposition.  The  Carnegie  Steel  Co. 
have  had  a  stock  shape  of  curved  plate  flooring  since  1882,  which  has 
been  used  in  various  cases. 

In  the  summer  of  1891,  Mr.  Carl  Gaylor  said  in  a  paper  before  the 
Engineers'  Club  of  St.  Louis  on  "Viaducts  across  Railroad  Tracks": 

"  In  regard  to  floors,  we  have  gone  through  the  usual  evolution  from 
wooden  joists  and  planking  to  wooden  block  pavement  on  planks  carried 
by  steel  stringers.  Permanent  floors  seem  after  all,  on  account  of  their 
great  weight,  to  be  a  thing  of  the  far  future.  As  a  step  in  this  direction 
may  be  designated  the  covering  of  the  Forest  Park  Boulevard  Bridge 
over  the  Wabash  tracks  with  Portland  cement  concrete  arches  between 
steel  girders." 

The  Baltimore  Street  Bridge  at  Cumberland,  Md.,  two  jilate  girder 
spans  72  feet  long  each,  has  a  floor  consisting  of  cross  girders  riveted  to 
the  main  girders  and  spaced  14  feet  5  inches  apart.  These  support 
three  lines  of  stringers,  which  divide  the  space  between  the  girders  into 
four  openings  about  6j  feet  wide.  Upon  the  stringers  is  laid  No.  210 
Pencoyd  corrugated  flooring  and  a  layer  of  concrete  is  filled  in  on  this 
to  a  depth  of  7  inches.  Upon  the  concrete  a  22-inch  layer  of  Trinidad 
asphalt  forms  a  wearing  surface. 

In  1892,  when  the  grade  crossing  question  was  being  studied  in 
Buflalo,  consideration  was  given  to  buckle  plate  form,  and  in  a  letter 
describing  it  at  that  time,  Mr.  Henry  Goldmark  said  : 

"  This  shape  of  iron  has  only  recently  been  introduced  into  this 
country  and  I  believe  only  two  firms,  viz.,  the  Keystone  and  Pencoyd, 
have  the  dies  for  making  the  buckles.  There  is,  however,  no  patent  for 
covering  the  device,  and  for  any  larger  piece  of  work,  I  fancy  other  mills 
would  put  in  the  plant  necessary  to  make  them.  The  buckle  itself  varies 
from  2  feet  9  inches  to  3  feet  9  inches  in  width  and  is  made  in  some 
three  or  four  intermediate  sizes,  all  the  buckles  being  square.     The  flat 
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part  at  the  edge  of  the  buckles  (through  which  the  rivets  pass)  can  be 
made  of  varying  widths,  from  2  inches  or  3  inches  to  perhaps  6  inches 
wide.  This  gives  a  fair  amount  of  variation  in  spacing  the  longitudinal 
stringers  carrying  the  plates.  As  to  the  depth  of  floor,  the  tops  of  the 
stringers  can  be  made  to  coincide  with  the  top  of  the  floor  beam  so  that 
the  depth  of  the  floor  beam  governs  the  depth  of  the  entire  floor.  I 
think  a  pretty  good  floor  can  be  built  with  as  little  as  6  inches  of  cover- 
ing (concrete  and  asphalt)  over  the  tops  of  the  stringers.  This  gives 
3  inches  or  4  inches  over  the  top  of  the  buckle.  I  do  not  thiuk  that  we 
ought  to  have  any  less." 

In  making  the  first  statement  above,  Mr.  Goldmark  very  probably 
referred  to  buckled  plates  with  three  buckles  in  each  plate,  as  now  so 
generally  used;  for,  as  noted  in  the  description  of  the  Callowhill  Street 
Bridge,  buckled  plates  having  one  buckle  to  each  plate  were  manufac- 
tured by  the  Keystone  Bridge  Company  as  early  as  1875. 

Since  then  buckle  plates  have  been  used  very  frequently.  Three 
prominent  cases  are,  the  Walnut  Street  Bridge  over  the  Schuylkill 
River,  Philadelphia,  where  buckle  plates  i  inch  thick  are  used,  sup- 
porting a  concrete  and  granite  block  pavement ;  the  Front  Street  Via- 
duct at  Columbus,  Ohio,  where  the  buckle-plate  flooring  is  covered  with 
concrete,  sand,  and  brick  pavement ;  and  the  Selby  Avenue  Bridge  at 
St.  Paul,  Minn.,  on  which  buckle  plates  are  used  only  at  the  cable-car 
tracks  in  the  middle  of  the  roadway,  covered  with  concrete  and  pine 
blocks. 

The  investigation  of  the  grade  crossing  question  in  Buffalo  is  very 
interesting.  A  number  of  different  designs  were  considered  and  sketches 
representing  the  same  are  shown  on  Plate  III,  Figs.  1  to  5.  Mr.  George 
E,  Mann,  Chief  Engineer  Grade  Crossing  Commission,  has  very  kindly 
furnished  the  writer  with  these  sketches  and  data  concerning  the  same. 
The  floor  adopted  for  this  work  was  Pennsylvania.  Steel  Company's 
Section,  Fig.  4.  The  merits  of  this  floor  over  the  others,  as  found  by 
the  Board  of  Commissioners,  are  as  follows  : 

First.  Its  form  of  construction,  giving  lateral  rigidity,  vertical 
stability  to  the  floor  beams,  and  moderate  weight  per  square  foot  of  area 
in  the  required  limit  of  depth. 

Second.  For  an  asphalt  surface  the  form  of  trough  was  considered 
better  to  hold  the  "binder"  against  the  tendency  of  rolling  forward 
under  wheel-action  in  extremes  of  high  tem2)erature  than  either  forms 

1  or  5. 

Third.     Its  cost  compared  with  other  forms  of  floor. 

The  width  between  bridge  trusses  is  42  feet  and  the  depth  of  floor 

2  feet  2  inches.  For  such  a  length  of  floor  beam  with  this  shallow 
limit  of  depth,  it  was  considered   unwise   to  adopt  either  plans  2  or  3, 
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owing  to  their  increased  weight  and  so  necessarily  requiring  heavier  and 
more  expensive  trusses. 

Mr.  Maun  is  of  the  opinion,  however,  that  with  greater  depth  of 
floor  allowable  and  shorter  distance  between  trusses,  the  concrete  or  the 
Melan  arch  plans  (Figs.  2  and  3)  are  excellent.  The  fallowing  table 
gives  a  comparison  of  these  several  sections : 

■K,  Description  of  Svstein  supporting  Dead  Load  iicr  s<|.  ft.        Total  cost  per 

^°-  Flo()rs.  of  Floor.  s(|.  ft. 

1.— Section  M  :;i,  Carnegie  Steel  Co.  .    .  85  $1.85 

2.— Melan  Arches 190  2.00 

3.— Concrete 250  2.78 

4.— Troughs,  Penna.  Steel  Co.'s  Section  100  2.00 

5.— Buckle  Plates 76  1.76 

All  metal  work  assumed  for  comparison  @  3  cents  per  pound  in  place. 

An  interesting  solid  floor  was  built  on  the  180  feet  arch  span  Foot 
Bridge  across  the  "  Lagoon  "  in  Lincoln  Park,  Chicago,  in  1894,  W.  L. 
Stebbings,  engineer.  The  floor  beams  are  placed  at  panel  points  18  feet 
apart,  there  being  at  the  center  of  the  span  two  beams  placed  near  to- 
gether with  the  expansion  joint  between  them.  Beginning  at  each  of 
these  center  beams,  a  series  of  two  groups  of  four  steel  wires  each  is  car- 
ried back  over  the  intermediate  floor  beams  towards  each  end  of  the 
span.  The  vertical  planes  passing  through  these  groups  are  1  foot  apart, 
horizontally  in  a  direction  transversely  across  the  bridge.  These  groups 
of  wires  are  filled  around  with  concrete  covered  with  1  inch  of  granitoid 
top  dressing. 

Some  time  ago  Mr.  A.  L.  Schulz  designed  a  floor  for  a  highway 
bridge  in  Pittsburg,  consisting  of  8-inch  channels  laid  flatwise,  resting 
on  the  edges  of  the  flanges,  making  a  continuous  flat  deck,  the  flanges 
giving  the  vertical  stiffness. 

Corresponding  to  the  practice  of  some  of  the  railways  of  introducing 
masonry  arches  to  obtain  uninterrupted  road- bed  over  waterways  and 
other  openings,  a  number  of  localities  have  recently  had  constructed 
arches  of  the  Melan  type,  which  system  has  been  introduced  by  Mr.  Fr. 
Von  Emperger,  of  New  York  and  Vienna.  This  system  involves  the 
bedding  of  a  series  of  longitudinal  I-beams  in  the  iutrados  of  an  arch  of 
concrete,  the  ends  of  the  beams  passing  into  and  being  entirely  sur- 
rounded by  the  concrete  of  the  arch  abutments.  This  plan  makes  the 
use  of  any  kind  of  paving  a  very  simple  matter,  and  the  construction 
permits  of  obtaining  ornamentation  and  architectural  effect  at  compara- 
tively slight  extra  cost.  Mr.  Von  Emperger  also  favors  the  use  of  similar 
concrete  and  I  beam  arches  between  floor  beams  on  steel  bridges,  claim- 
ing for  this  form:  freedom  from  necessary  care  and  frequent  painting  of 
metal  surfaces,  great  strength  and  stiffiiess,  and  30  per  cent,  less  cost 
than  the  use  of  Carnegie's  curved  plate  form  for  the  same  span. 
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In  closing,  the  writer  submits  herewith  a  sketch  of  the  floor  he 
designed  during  the  past  year  for  the  South  Rocky  River  Bridge,  near 
Cleveland,  O.  (see  Plate  III,  Fig.  6).  This  bridge  is  1219  feet  total 
length,  center  to  center,  and  has  a  32-foot  roadway,  with  provisions  f )r 
a  double  track  electric  railway  line.  It  will  be  noticed  in  tliis  bridge 
that  the  buckle-plates  are  2)laced  the  other  side  up  from  the  usual  prac- 
tice, thereby  saving  considerable  weight  of  concrete  filling  and  decreas- 
ing the  thickness  of  the  floor  proper,  while  still  preserving  all  the 
strength.  The  method  of  supporting  the  track  stringers  to  preserve  the 
crown  of  the  roadway  has  proven  very  satisfactory.  The  drawing  also 
shows,  incidentally,  the  design  adopted  at  the  ends  of  the  floor  beam. 
Conditions  required  that,  although  no  sidewalks  were  to  be  built  imme- 
diately, provision  should  be  made  for  their  addition  at  spme  future 
time.  The  sidewalk  brackets  are,  consequently,  designed  for  a  greater 
length,  but  are  cut  oft'  in  such  a  manner  that  about  six  feet  more  can 
be  added  to  their  length  at  any  time  by  cuttiug  off  the  curved  end 
beyond  the  splices  and  splicing  on  a  new  section.  While  brick  will  be 
used  for  the  pavement  of  this  bridge,  the  design  is  just  as  well  adapted 
to  asphalt,  granite,  or  wooden  blocks. 
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ble service  rendered  in  the  preparation  of  this  paper  by  Mr.  Bernard 
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ings, and  written  a  large  part  of  the  text. 
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VAN  I5UREN   STREET  ROLLING  LIFT  15RIDGE, 
CHICAGO,  ILLS. 


By  Warren  K.  Robkkts,  City  Bridge  Engineer,  Member  Western  Society 

OF  Engineers. 


[Read  before  the  Society,  March  20,  1895.*] 
INTRODUCTION. 

With  the  opening  of  the  new  bridge,  over  the  South  Branch,  at 
Van  Buren  Street,  a  work  was  completed  which  had  caused  the  engi- 
neers and  contractors  a  great  deal  of  care  and  anxiety  in  its  construction 
and  not  a  little  solicitude  as  to  its  success.  There  were  many  difficul- 
ties to  be  overcome  both  in  the  design  and  in  the  construction  of  this 
bridge.  Its  completion  and  successful  operation  indicate  that  these 
difficulties  were  overcome,  not  to  say  that  this  bridge  cannot  be  improved 
upon.  This  was  the  first  bridge  made  from  this  design,  which  fact  is 
sufficient  reason  why  im{)roveraents  should  be  made  if  a  second  one  were 
to  be  built. 

The  design  of  bridges,  and  especially  of  movable  bridges,  has  passed 
through  a  state  of  evolution.  The  common  swing  bridge  has  reached 
its  present  state  of  j^erfection  by  a  process  of  development,  due  to  which 
fact  it  is,  no  doubt,  the  most  desirable  type  of  drawbridge.  Whenever 
an  engineer  selects  a  bridge  of  new  design,  he  must  be  willing  to  pay  for 
the  general  good  to  be  derived  from  the  introduction  of  the  new  type. 

Before  beginning  the  consideration  of  this  Rolling  Lift  Bridge,  the 
conditions  to  be  fulfilled  at  the  bridge  site  and  the  governing  require- 
ments should  be  stated,  for  it  may  be  assumed  that  under  conditions 
favorable  to  the  swing  bridge  no  other  type  would  have  been  considered. 

CONDITIONS   AND    REQUIREMENTS. 

The  old  bridge  at  this  site  was  a  swing  bridge  giving  two  channels, 
an  east  one  of  about  55  feet,  and  a  west  one  of  about  60  feet.  The  east 
channel  was  the  one  principally  used,  the  west  one  being  too  shallow  and 
crooked  to  be  navigated  by  anything  except  tugs  and  other  small  craft. 
This  old  bridge  was  only  34  feet  wide  over  all,  having  one  roadway  of 
20  feet  and  two  sidewalks  of  7  feet  each. 

The  first  bridge  considered  for  replacing  this  old  draw  was  a  swing 
bridge,  with  equal  arms  of  110  feet  each,  giving  a  clear  channel  on  the 
east  of  67  feet  and  on  the  west  of  55  feet.     The  total  width  of  this  pro- 
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posed  bridge  was  51  feet,  having  one  roadway  of  34  feet,  and  two  side- 
walks of  8  feet  6  inches  each.  The  east  channel  was  thus  increased  from 
55  feet  to  67  feet,  and  the  west  reduced  from  60  feet  to  55  feet,  with  an 
increased  width  of  bridge  of  17  feet.  To  accomplish  this  it  was  intended 
to  move  each  abutment  back  a  considerable  distance.  This  change  of 
channels,  location  of  abutments,  etc.,  is  clearly  shown  in  Fig.  1.  The 
old  bridge  and  protection  are  shown  in  broken  lines  and  the  projjosed 
l)ridge  in  full  lines. 

At  the  time  these  changes  were  being  considered,  the  Metr()[)olitan 
Westside  Elevated  Railroad  Company  was  considering  means  and 
methods  of  crossing  the  river,  and  it  was  proposed  by  the  city  to  make 
this  swing  bridge  a  double-deck  structure,  with  a  roadway  below  and  the 
elevated  raihvay  above.  But  this  plan  for  a  swing  bridge  was  abandoned 
for  the  reason  that  a  straight  channel  was  insisted  upon  by  the  United 
States  Government,  from  Jackson  Street  Bridge  to  the  turn  in  the  river 
below  Van  Bureu  Street,  with  the  clear  width  of  this  channel  of  not  less 
than  100  feet.  Such  a  channel  could  not  be  obtained  by  means  of  a 
swing  bridge,  without  placing  the  center  pier  considerably  to  the  west 
and  making  the  draw  much  longer,  which  was  not  practicable  on  account 
of  danuiges  to  the  adjoining  property. 

Several  other  schemes,  some  for  a  combined  bridge  and  others  for 
separate  bridges,  were  considered,  but  none  of  them  fulfilled  all  the  re- 
quirements. 

It  was  w'hile  engaged  upon  an  investigation  and  elaboration  of  cer- 
tain of  these  schemes  for  the  Metropolitan  Railway,  that  Mr.  William 
Scherzer  devised  the  type  of  bridge  we  are  considering.  After  a  careful 
investigation  of  its  merits,  as  compared  with  those  of  other  types  of  lift 
bridges,  it  was  decided  by  the  management  of  the  Metropolitan  Company 
to  adopt  this  bridge,  and  Mr.  Scherzer  was  entrusted  with  the  prepara- 
tion of  the  detail  plans.  The  Metropolitan  Company  then  proposed  to 
the  city  that  this  type  of  bridge  be  used  at  Van  Buren  Street,  and  that 
they  be  allowed  to  cross  the  river  between  Jackson  Street  and  Van  Buren 
Street  on  a  similar  bridge.  This  proposition  was  accepted  by  the  city 
(and  approved  by  the  Secretary  of  War,  November  16,  1893),  and  the 
bridge  at  Van  Bureu  Street  was  constructed  from  Mr.  Scherzer's  design. 

The  two  points  of  merit  which  this  bridge  possesses,  and  which  make 
it  especially  suitable  for  the  })lace  are  :  First,  that  it  moves  in  a  vertical 
plane,  thereby  giving  room  for  it,  the  Jackson  Street  draw,  and  for  the 
Metropolitan  bridge,  which  are  all  in  close  proximity;  and  second,  hav- 
ing no  center  pier,  the  clear  channel  of  91  feet  at  Jacksou  Street  is 
maintained  at  Van  Buren  Street.  The  channel  at  this  place  and  the 
present  location  of  the  bridges  are  shown  in  Fig.  2. 

23 


256 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


VAN  BUREN  STREET  ROLLING  LIFP  BRIDGE,  CHICAGO.      257 


258 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


VAX  BUREN  STKP:ET  KOLLING  LIFT  BRIDGE,  CHICAGO.      259 


GENERAL    DESCRirTION. 

The  peculiar  motion  of  the  bridge  in  operation  has  given  it  the  name 
of  "  roUing-liit  "  bridge  ;  each  half  of  the  bridge  rolling  backward  and 
upward  upon  three  segmental  girders  at  its  base. 

Fig.  3  shows  the  bridge  closed,  ready  for  traffic.  This  illustration 
was  produced  from  a  photograph  of  the  bridge,  taken  after  completion, 
and  correctly  represents  the  bridge.  The  two  movable  parts  of  the 
bridge  are  in  every  respect  alike.  The  approaches  are  not  alike.  On 
the  west  the  abutment  and  pier  are  separated  by  40  feet,  and  the  space 
between  these  is  bridged  over  with  ])late  girders  and  forms  a  room  for 
the  machinery  and  motors.  On  the  east  side  the  abutment  and  pier  are 
combined  in  one  piece  of  masonry,  and  space  for  the  machinery  was 
provided  by  building  a  room  in  the  abutment.  In  each  of  these  rooms 
are  placed  the  motors,  air  pumps,  air  reservoirs,  and  other  machinery 
necessary  for  the  operation  of  one  half  of  the  bridge  ;  and  each  half  is 
operated  independently  of  the  other. 

On  each  approach,  on  top  of  the  center  roadway  girder,  is  placed 
an  operator's  house.  The  operator  has  here  before  him  the  air  valves 
for  operating  the  gates,  signals  and  brakes,  the  controller  for  operating 
the  motors,  and  other  apparatus  for  the  complete  control  of  one-half  of 
the  bridge. 

Fig.  4  shows  the  bridge  open,  giving  a  clear  channel  of  about  100 
feet  between  abutments.  The  time  required  for  opening  the  bridge  is 
about  thirty-five  seconds,  and  for  closing  about  twenty- five  seconds, 
which  time  could  be  reduced  if  it  were  desirable.  In  this  view  the 
■Metropolitan  Railway  "  rolling-lift  "  bridge,  and  Jackson  Street  swing 
bridge  are  both  shown  in  the  background. 

In  Fig.  5  is  given  a  side  elevation  of  the  west  half  of  the  bridge 
when  open,  showing  very  clearly  the  position  of  the  segmental  girders 
for  this  position  of  the  bridge.  A  study  of  this  view  will  help  to  under- 
stand the  peculiar  motion  of  the  bridge.  It  will  be  seen  that  there  is 
no  sliding  motion,  and  no  hinge  motion,  as  is  generally  expected  by 
those  seeing  the  bridge  in  operation.  It  is  a  true  rolling  motion,  with 
no  friction,  except  rolling  friction,  and  the  friction  at  the  pin  connection 
of  the  operating  strut  and  possibly  a  little  in  the  meshing  of  the  racks 
under  the  segmental  girders. 

Fig.  6  gives  a  view  looking  east  upon  the  west  half  of  the  bridge 
when  open.  We  have  here  very  forcibly  presented  the  amount  of  wind- 
surface  offered  when  the  bridge  is  fully  opened.  Th.e  area  above  the 
line  of  the  roadway  amounts  to  about  3,300  S(|uare  feet,  and  a  pressure 
of  18  pounds  per  square  foot  gives  a  pull  in  the  operating  strut  of 
165,000  pounds. 
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This  is  the  maxinuiin  stress  for  which  the  operating  strut  and  the 
machinery  were  figured ;  it  being  assumed  that  traffic  on  the  river 
would  stop  witli  a  wind  which  would  give  18  pounds  per  square  foot. 
Mr.  Trautwine,  in  his  "  Pocket-Book,"  gives  18  pounds  per  square  foot 
as  corresponding  to  a  violent  storm  of  60  miles  per  hour. 

In  Fig.  7  the  horizontal  bracing  and  the  vertical  bracing  between 
the  segmental  girders  are  clearly  shown.  This  vertical  bracing  and  the 
lower  panel  of  the  horizontal  bracing  were  not  riveted  up  until  both 
sides  of  the  bridge  were  completed,  lowered  into  a  horizontal  position 
and  the  adjustments  made  between  the  two  parts. 

The  adjusting  was  one  of  the  most  interesting  parts  of  the  erec- 
tion. When  the  bridge  was  first  lowered  into  a  horizontal  position,  so 
that  the  two  parts  of  the  north  truss  came  together  properly,  it  was 
found  that  the  east  half  of  the  center  truss  w-as  an  inch  or  more  above 
the  other  half,  and  that  the  east  half  of  the  south  truss  was  some  two 
inches  or  more  above  the  west  half.  The  two  parts  of  all  three  trusses 
were  brought  into  the  same  plane  by  the  adjustments  under  the  tail 
girders,  and  the  vertical  bracing  was  then  riveted  up. 

At  the  time  this  vertical  adjustment  W'as  made  there  was  also  a 
lateral  error  of  about  the  same  amount,  the  ends  of  the  trusses  on  the 
east  portion  coming  about  1  to  1 2  inches  too  far  north  to  match  those 
of  the  west  portion.  The  two  parts  are  raised,  and  a  transit  told  us 
that  the  trusses  in  the  west  portion  stood  very  nearly  in  vertical  planes, 
while  those  of  the  east  portion  leaned  about  1  to  H  inches  to  the  north. 
Therefore  we  riveted  the  lateral  bracing  in  the  west  portion  as  it  stood. 
The  upper  end  of  the  east  portion  was  then  pulled  over  2  inches  to  the 
south  by  attaching  cables  to  the  upper  and  middle  parts  of  the  trusses, 
and  the  lateral  bracing  was  riveted  while  the  cables  were  attached. 
When  the  cables  were  released  and  the  two  parts  again  lowered,  they 
came  together  perfectly. 

SUBSTRUCTURE. 

The  construction  for  each  of  the  three  parts  of  the  substructure 
was  essentially  the  same;  the  foundation  being  formed  of  piles,  the  body 
of  the  structure  of  concrete  and  the  top  of  Bedford  masonry. 

The  foundation  piles  were  driven  about  3  feet  centers  over  the 
entire  area  to  be  occupied  by  each  piece  of  masonry.  These  piles  were 
of  Norway  pine,  50  feet  long  and  not  less  than  10  inches  in  diameter 
at  the  small  end.  They  were  driven  nearly  to  the  water  line  and  sawed 
oflT  17  feet  below  it,  leaving  33  feet  of  the  piles  in  the  foundation. 
The  west  abutment  was  built  first,  then  the  west  pier,  and  lastly  the 
east  pier  and  abutment.  While  the  driving  of  the  piles  for  each  part 
was  progressing,  the  caisson  for  tiie  same  part  was  being  built  at  dock 
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aiul,  when  piuiially  filled  with  concrete,  was  floated  into  position.  The 
concreting  was  then  continued,  and  the  sides  of  the  caisson  were  con- 
tinually built  up  to  keep  progress  with  its  sinking  until  it  came  to  a 
bearing  on  the  piles.  The  concrete  used  was  machine  mixed,  with  one 
part  of  Portland  cement,  and  two  and  one-half  parts  of  sand  and  five 
parts  of  broken  limestone. 

The  first  work  done  on  the  west  abutment  was  to  construct  the 
cofier-dam   and   connect  it  at  each   end  with   the  dock.     (See  Fig.  8.) 
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This  cofier-dam  was  then  anchored  back  with  three  2  inch  anchor  rods  to 
piles  driven  about  50  feet  to  the  rear.  These  anchors  were  to  prevent  the 
earth  filling  from  forcing  the  coflTerdam  towards  the  river  when  the 
excavating  for  the  abutment  was  done.  They  proved  only  partially 
successful  in  this  ofiice,  A  sewer  5  feet  in  diameter  emptied  into  the 
river  on  the  center  line  of  Van  Buren  Street.  This  sewer  was  divided 
into  two  sewers,  each  3  feet  in  diameter,  and  passed  around  the  ends 
of  the  abutment  as  shown  in  the  illustration. 
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In  Fig.  9  is  given  a  front  elevation  of  the  west  abutment,  showing  the 
pockets  that  receive  the  girders  which  form  the  Hcjor  for  the  west 
machinery  room,  previously  mentioned. 

In  the  ])h\n  of  the  west  pier  (Fig.  10)  are  shown  the  pockets  formed 
to  i-eceive  the  tail  girders  when  the  bridge  is  open.  Besides  these 
pockets  the  pier  contains  two  large  chambers  built  in  to  save  masonry- 
In  one  of  these  chambers  a  sump  was  made  and  in  it  placed  a  cen- 
trifugal pump  driven  by  a  small  motor  placed  on  the  pier  above.  This 
pump  is  controlled  from  the  operator's  house  and  run  whenever  necessary 
to  remove  the  water  which  leaks  in  through  the  concrete.     In  this  plan 
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is  also  shown  (by  the  broken  lines)  the  location  of  the  cast  steel  racks 
upon  which  the  segmental  girders  revolve.  The  sections  of  the  pier 
(Fig.  11)  show  the  depth  and  form  of  the  pockets  mentioned  above. 
In  these  sections  is  also  shown  the  anchorage  for  the  tail  girders,  which 
will  be  referred  to  again. 

The  east  pier  and  abutment,  although  completed  as  one  piece  of 
masonry,  were  constructed  separately.  The  abutment  and  east  half  of 
the  pier,  as  originally  designed,  came  between  two  seven-story  buildings, 
with  foundations  extending  into  the  street.     The  excavation  for  the  pier 
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came  considerably  below  tbese  foundations.  This  being  the  case  the 
contractor  preferred  to  reduce  the  width  of  the  pier,  wliich  was  to  be 
sunk  with  an  open  caisson,  and  increase  the  width  of  the  abutment, 
which  was  to  be  put  in  by  a  coffer-dam.  Therefore  the  ])iling  for  the 
coffer-dam,  shown  in  the  section  of  the  abutment  (Fig.  12)  was  moved 
west  about  18  feet  or  a  little   beyond   the  west  face  of  the  buildings. 
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That  portion  lying  between  the  buildings  was  then  excavated  dry, 
thereby  insuring  more  protection  to  the  foundations  of  the  buildings 
during  the  progress  of  the  work. 


SUPERSTRUCTURE. 

The  moving  part  of  the  bridge  may  be  considered  as  divided  into 
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three  spans :  the  river  span  and  two  anchor  spans.  The  river  span, 
which  has  the  appearance  of  a  low  arch  (See  Fig.  13),  is  composed  of 
two  cantilever  arms,  there  being  no  bearing  at  the  center  between  the 
two  parts  of  each  truss.  The  clear  headroom  above  the  water  for  the  four 
middle  panels  is  about  16  feet.  The  river  span  is  115  feet  center  to  center 
of  bearings.  The  anchor  spans  are  each  30  feet  6  inches  center  to  center 
of  columns,  and  consist  of  two  parts:  the  movable  part  from  J.  to  Y 
(Fig.  13),  and  the  fixed  part  from  Y  to  G.  These  two  parts  ai-e  held 
firmly  together  at  3^ by  hangers  passing  beneath  the  tail  girders. 

Within  these  tail  girders  and  between  them,  in  the  two  end  panels, 
are  placed  the  counterweights  for  balancing  the  cantilever  arms.  These 
counterweights  consist  of  cast  iron  ;  the  total  amount  required  for  one 
side  bein"-  about  129  tons.  The  exact  amount  of  this  counterweight 
was  decided  upon  after  the  bridge  was  in  operation.  Sufficient  weight 
was  added  to  jirevent  the  bridge  from  coming  to  a  horizontal  position 
when  freely  lowered  by  the  brakes.  The  bridge,  when  so  lowered,  comes 
to  a  rest  a  little  above  the  horizontal ;  the  power  is  then  applied  and 
the  motors  force  the  bridge  down  to  a  level. 

The  floor  on  the  draw  consists  of  two  courses  of  planking,  each 
laid  transversely  to  the  length  of  the  bridge.  On  the  roadways  the 
lower  course  is  of  3 2 -inch  pine,  each  plank  being  held  to  the  flanges  of 
each  I-beam  by  two  Zi  inch  by  f  inch  railroad  spikes,  driven  from 
below.  The  upper  course  on  the  roadway  is  of  3-inch  oak  plank  and  is 
thoroughly  spiked  to  the  lower  course  with  6-inch  spikes.  The  lower 
course  on  the  sidewalks  is  of  Avhite  pine,  dressed  to  1 1-inch,  securely 
spiked  to  the  I-beams  and  wooden  joists.  The  upper  course  is  of  4-inch 
by  l-i-iuch  dressed  and  matched  Georgia  piue,  and  extends  through  the 
trusses  to  the  wheel  guard. 

A  uniform  quality  of  open-hearth  steel  was  used  throughout  the 
work,  in  which  the  average  phosphorous  limit  was  .06  per  cent,  for 
"  acid  steel  "  and  .025  for  "  basic  steel."  When  tested  in  specimens,  cut 
from  the  finished  plates  and  shapes,  of  not  less  than  J  square  inch  in 
section,  an  ultimate  strength  of  from  60,000  to  68,000  pounds  per  square 
inch  was  required,  with  an  elastic  limit  of  not  less  than  one-half  the 
ultimate  strength,  with  an  elongation  of  at  least  26  per  cent,  in  8 
inches,  and  a  reduction  at  i)oint  of  fracture  of  at  least  50  per  cent.  It 
must  also,  when  cold,  bend  flat  upon  itself  without  sign  of  fracture,  and 
be  capable  of  withstanding  the  usual  punching  and  drifting  tests. 

In  Fig.  14  is  shown  a  quarter  plan  of  the  draw  span.  The  side- 
walk on  the  approach  joins  that  of  the  draw  at  S,  while  the  junction 
between  the  corres{)onding  parts  on  the  roadway  is  at  R.  When  the 
bridge  is  raised  the  floor  of  the  moving  part  of  the  roadway  passes 
back  of  and  beneath  that  on  the  approach,  making  it  necessary  to  bring 
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the  floor  on  the  ai);)roach  to  a  very  thin  edge  to  form  a  connection  with 
the  draw  when  the  bridge  is  closed.  The  movement  at  the  sidewalk  is 
the  reverse  of  the  above  ;  that  is,  the  moving  sidewalk  passes  above  the 
fixed  part  when  the  bridge  is  raised.  The  method  of  making  the  con- 
nection between  the  floors  of  the  moving  and  fixed  parts  is  given  in 
Fig.  15.  In  the  castings  for  the  roadway  the  part  on  the  approach  is 
brought  out  to  a  thin  edge,  while  of  those  for  the  sidewalk  the  one  on 
the  draw  is  so  drawn  out.  The  movement  at  the  sidewalk  is  more  nearly 
horizontal  than  at  the  roadway,  and  it  was  necessary  to  make  the 
connection  on  the  sidewalk  with  a  2-inch  steel  plate  for  a  distance  of 
12  inches.  This  difterence  of  movement  between  the  roadway  and  the  side- 
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walk  is  due  to  the  junction  with  the  approach  being  made  at  points 
differing  in  relation  to  the  center  of  motion,  the  junction  for  the  side- 
walk being  in  front  of  this  center,  and  that  for  the  roadway  being 
behind  it. 

Figs.  16,  17  and  18  ai*e  sections  at  A-a,  B-h  and  X-x^  respectively 
and  are  given  to  show  the  bracing  used  at  each  place. 

A  detail  of  the  tail  girder,  segmental  girder  and  a  part  of  the  center 
truss  is  shown  in  Fig.  19.  These  girders  are  the  same  for  the  outside 
trusses,  except  that  the  pin  connection  for  the  operating  strut  (shown  at 
A)  is  omitted,  and  the  material  in  the  girders  of  the  outside  trusses  is 
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soiue  lighter.  On  the  bottom  of  tlie  segmental  girder  is  a  steel  track 
plate,  26  inches  wide  by  3  inches  thick,  and  cut  out,  as  shown  in  plan, 
so  as  to  receive  the  teeth  of  the  cast  racks  on  the  masonry,  npon  which 
these  segmental  girders  revolve.  This  steel  plate  is  securely  bolted  to 
the  bottom  flange  of  the  segmental  girder  with  one-inch  bolts,  in  the 
manner  shown  in  the  section  of  the  plate.  At  Fis  shown  the  connec- 
tion between  the  tail  girder  and  the  approach.  When  we  have  a  suffi- 
cient load  on  the  river  span  there  is  an  upward  pressure  from  this  tail 
girder,  which  is  received  by  the  steel  casting  bolted  into  the  end  of  the 
approach  girder.  With  a  load  between  A  and  the  approach,  the  tail 
girder  must  be  supported  by  the  hauger  at  Y. 

Fig.  20  gives  the  remaining  portion  of  the  truss  and  the  center 
latch.  The  way  in  which  the  latch  is  operated  is  shown  in  Fig.  21.  As 
stated  before,  there  is  no  bearing  at  the  center  between  the  two  parts  of 
a  truss.  The  only  connection  here  is  made  by  a  pin  latch,  which  is  in- 
tended only  to  prevent  lateral  motion.  This  center  latch  is  operated 
from  the  west  side,  and  the  locking  apparatus  is  therefore  omitted  on  the 
east  side. 

In  Fig.  21  is  given  the  method  of  applying  the  power  to  the  bridge- 
From  the  machinery  runs  an  operating  strut  joined  to  the  center  truss 
at  A,  as  shown.  Within  this  strut  is  a  cast  steel  rack  which  engages 
with  the  rack  wheel.  In  the  position  in  which  the  strut  is  shown  the 
bridge  is  closed  and  the  latch  at  Y,  and  the  pin  latch  at  the  center  of 
the  river  span,  are  both  in  the  position  shown,  and  the  bridge  is  locked, 
ready  for  traffic.  When  the  bridge  is  open  the  cam  at  A  has  moved  to 
the  location  indicated  by  the  broken  lines.  In  the  first  movement  of 
the  strut  backward,  the  cam  crank  at  A  is  revolved  one  quarter  of  a 
revolution,  and  acting  on  the  cranks  and  levers  shown,  withdraws  the 
pin  latch  at  the  center  of  the  bridge.  At  the  time  this  movement  is 
taking  place,  a  small  roller  strikes  the  cam  on  the  rack  wheel,  and  acting 
on  the  connecting  levers,  withdraws  the  tail  girder  latch  at  Y.  These 
two  duties  performed,  the  bridge  is  free  to  move,  and  the  succeeding 
movement  of  the  operating  strut  begins  to  raise  the  bridge.  These 
movements  are  simply  reversed  when  the  bridge  is  being  closed  and 
locked.  The  power  to  raise  onedialf  the  bridge  is  applied  through  one 
operating  strut  and  carried  to  the  two  outside  trusses  by  heavy  bracing 
between  them  at  panel  point  A. 

The  vertical  adjusting,  already  referred  to  for  bringing  the  two 
parts  of  a  truss  into  the  same  plane,  is  shown  in  this  illustration  (Fig. 
21).  By  increasing  or  decreasing  the  shims  between  the  castings  on  the 
end  of  the  tail  girder  and  that  on  the  approach  girder,  the  center  end 
of  the  truss  could  be  raised  or  lowered. 

The  two  approaches  being  of  a  similar  construction,  the  west  one 
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only  is  illu>trated  (Fig.  22),  In  the  loniritudinal  section  is  shown  the 
machinery  girder,  with  the  position  of  the  motors  and  machinery  indicated. 
This  machinery  girder  is  a  very  heavy  ])ox  girder,  4  feet  wide  and  81 
feet  deep  at  the  pier  end.  Besides  carrying  the  vertical  loads  of  the 
motors  and  machinery,  it  receives  the  longitudinal  thrust  brought  to 
the  machinery  by  the  operating  strut.  To  resist  this  thrust,  the  girder 
is  anchored  at  the  west  end  by  four  I'l-inch  rods  passing  entirely  through 
the  abutment,  and  at  the  east  end  by  four  2 1 -inch  rods  reaching  to  the 
bottom  of  the  pier. 

In  the  half  cross-section  through  the  approach  (Fig.  23),  is  shown 
the  anchorage  for  the  approach  girders,  which  act  as  anchors  for  the 
river  span.  This  anchorage  was  placed  directly  upon  the  grillage 
foundation  of  the  pier. 

MOTORS   AND   MACHINERY. 

In  Fig.  24  is  given  a  plan  and  elevation  of  the  machinery  for  one- 
half  the  draw.  The  power  being  applied  by  the  motors  to  shaft  No.  1, 
is  passed  through  the  train  of  wheels  to  the  operating  strut  at  X  Of 
this  machinery,  all  the  gear-wheels  are  of  cast  steel,  excepting  the  arras 
and  hub  of  the  rack-wheel.  In  this  latter  wheel,  the  power  is  applied 
on  the  rim  and  carried  by  the  rim  to  the  operating  strut,  for  which  rea- 
son the  center  was  made  of  cast  iron.  The  rim  was  cast  in  one  piece, 
and  not  in  sections  as  shown.  Each  of  the  other  gears  was  cast  in  a 
single  piece.  The  large  wheels  on  shaft  No.  2  were  made  with  eight 
arms  instead  of  six,  as  shown.  On  the  middle  of  shaft  No.  2  a  brake- 
wheel  was  added,  which  is  not  here  shown.  This  wheel  is  5  feet  in 
diameter,  and  has  an  18-inch  fiice.  An  18-inch  steel  band  brake  is 
operated  on  it  by  compressed  air.  This  brake  is  intended  to  be  used 
only  in  case  of  an  accident  to  the  other  bi-akes.  The  automatic  brakes 
shown  on  shaft  No.  1  w'ere  placed  outside  of  the  gears  to  make  room 
for  the  motors,  wdiich  are  both  on  one  shaft.  These  changes  and  some 
further  additions  are  clearly  shown  in  Fig.  25,  which  is  produced  from 
a  photograph,  taken  after  thework  was  completed. 

The  original  specification  for  all  cast  steel  was  as  follows:  Ulti- 
mate strength  of  at  least  70,000  pounds  per  square  inch  ;  elastic  limit 
at  least  40,000  pounds  i)er  square  inch  ;  an  elongation,  in  8  inches,  of  at 
least  25  per  cent.,  and  a  reduction  at  point  of  fracture  of  at  least  40  per 
cent.  All  sample  bars,  from  which  test  specimens  are  made,  to  be  at 
least  2  J  inches  square,  and  to  be  annealed  with  the  castings  which  they 
represent.  So  much  difficulty  was  experienced  in  obtaining  steel  of  this 
([uality  in  any  of  the  large  castings  required,  that  the  specification  was 
changed  to  the  following :  Ultimate  strength  of  not  less  than  65,000 
pounds  per  square  inch,  and  elastic  limit  of  at  least  32,000  pounds ; 
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elongation,  in  8  inches,  at  least  20  per  cent.,  and  reduction  at  point  of 
fracture  of  at  least  25  per  cent.  This  specification  was  filled  only  after 
rejecting  many  of  the  larger  castings  once,  and  some  even  twice,  and 
the  rim  of  the  rack-wheel  was  accepted  with  an  elongation  considerably 
below  this  specification. 

There  are  two  50  horse-power  railway  type,  series  wound.  Westing- 
house  motors  for  each  half  of  the  draw,  which  are  governed  by  a  series 
multiple  controller  and  connected  to  operate  separately  or  in  unison. 

The  automatic  brakes  are  30  inches  in  diameter  with  a  6-inch  face, 
and  are  operated  by  compressed  air.  If  at  any  time  during  the  opening 
or  closing  of  the  bridge,  the  current  is  cut  off,  these  brakes  are  auto- 
matically applied,  and  remain  on  until  released  by  the  operator.  The 
air  for  use  on  these  brakes  and  for  operating  the  gates  and  signals  is 
compressed  by  a  comi^ressor  operated  by  an  eccentric  placed  on  the  end 
of  the  motor  shaft.  This  arrangement  makes  the  compressing  of  the 
air  also  automatic.  A  pressure  of  about  35  pounds  is  used,  a  valve  on 
the  pump  releasing  the  air  above  a  pressure  of  about  40  pounds, 
although  the  compressor  continues  to  work  while  the  motors  are  in  op- 
eration. The  air,  for  use  on  both  sides  of  the  river,  is  compressed  on 
the  west  side ;  that  to  be  used  on  the  east  side  being  piped  across,  beneath 
the  river,  and  stored  in  a  reservoir.  With  the  exception  of  the  air 
compressor  the  machinery  on  the  east  side  is  a  duplicate  of  that  shown 
for  the  west  side. 

The  bridge  is  provided  with  two  gates,  of  the  ordinary  railroad 
type,  one  of  which  is  placed  on  the  right-hand  sidewalk  of  each  ap- 
proach. When  closed,  each  gate  stops  the  traffic  on  the  right-hand 
roadway,  thereby  enabling  the  operator  to  quickly  clear  the  bridge  of 
traffic  and  make  it  ready  for  opening.  When  once  open,  the  bridge 
itself  forms  a  very  effective  gate  both  for  the  roadway  and  sidewalks. 
Each  operator  controls  the  gate  on  his  side  of  the  river.  The  signals, 
which  are  at  the  center  of  the  span,  are  operated  from  the  west  side. 

In  addition  to  the  electric  equipment  already  mentioned,  each  op- 
erator's house  is  provided  with  an  electric  heater,  an  electric  bell  and 
push-button,  by  which,  with  a  code  of  signals,  the  operators  may  com- 
municate quickly,  and  also  with  a  special  telephone  for  use  in  case  of 
any  accident  when  the  bridge  is  open,  at  which  time  it  may  be  necessary 
to  communicate  some  message  not  provided  for  in  the  code.  Every- 
thing has  been  added  to  the  bridge  which  was  considered  necessary  to 
insure  the  safety  and  reliability  of  its  operation. 

The  power  for  running  the  bridge  is  a  500  volt  current  brought 
from  the  Chicago  Edison  Company's  AVashingtou  Street  power  station. 

From  quite  a  large  number  of  tests  made  on  the  current  at  differ- 
ent times  and  with  the  wind  from  various  directions,  it  has  been  found 
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that  tlie  average  horse-power  required  to  open  one  side  of  the  bridge  at 
a  time  is  about  60,  and  that  required  to  open  both  sides  at  the  same 
time  about  96.  However,  none  of  the  tests  were  made  at  a  time  when 
tlie  wind  was  higher  than  what  would  be  termed  brisk.  It  was  observed 
that  a  moderate,  or  even  brisk  wind,  l)lowing  from  one  side,  offered  more 
resistance  to  the  operation  of  the  bridge  than  one  of  the  same  velocity 
blowing  in  the  direction  of  the  street.  This  was  due,  no  doubt,  to  fric- 
tion that  a  side  wind  caused  between  the  racks  on  the  segmental  girders 
and  those  on  the  masonry.  It  is  not  believed  that  this  resistance  from 
a  side  wind  would  exceed  that  from  a  direct  wind  of  the  same  velocity 
for  winds  higher  than  those  observed. 

CONSTRUCTION   AND    COST. 

The  bridge  was  designed  and  patented  by  the  late  William  Scherzer, 
who  died  about  the  time  the  drawings  were  completed.  That  the  Avork 
performed  by  him  had  been  very  carefully  and  thoughtfully  done  is 
shown  by  the  closeness  with  which  his  design  has  been  followed  by  those 
who  have  carried  his  work  to  a  successful  completion. 

Work  was  begun  on  the  substructure  early  in  1894,  and  the  bridge 
w^as  completed  and  opened  for  traffic  on  February  4,  1895.  Since 
this  date  it  has  been  operated  very  satisfactorily.  Tlie  time  required 
for  opening  it  is  about  one-half  that  for  opening  a  steam-power  swing 
bridge. 

In  comparison  with  a  swing  bridge,  giving  the  same  clear  channel, 
the  cost  of  this  bridge  seems  somewhat  high.  This  may  be  partly  ac- 
counted for  by  the  fact  that  this  bridge  is  of  a  new  design.  Contractors 
do  not  bid  so  reasonably  on  such  a  design  as  on  work  with  which  they 
are  familiar.  Neither  can  the  work  be  done  for  the  same  unit  price  on 
a  bridge  of  new  design  as  one  of  a  familiar  design.  Moreover,  the  sub- 
structure of  this  bridge  was  more  expensive  than  it  would  ordinarily  be, 
even  for  a  bridge  of  the  same  type.  This  was  due  to  the  difficulty  in 
putting  in  some  of  the  foundations. 

The  total  cost  of  the  bridge,  including  the  approaches,  electric 
equipment  and  cables  to  the  power  house,  was  S163,8o0.00. 

The  substructure  for  the  bridge  was  built  by  the  Fitz  Simons  & 
Connell  Co.,  of  this  city.  The  contract  was  awarded  them  at  unit  prices 
for  each  kind  of  material  entering  into  the  work,  and  not  for  a  lump 
sum.  This  method  added  very  much  to  the  responsibility  and  work  of 
the  engineers  in  charge  for  the  city.  Mr.  W.  R.  Kellogg,  a  member  of 
this  society,  had  charge  of  the  field  work  on  the  bridge,  throughout  its 
construction.  Much  of  the  credit  for  the  manner  in  which  the  parts  of 
the  superstructure  came  together,  is  due  to  the  accuracy  with  wdiich  Mr. 
Kellogg  located  the  substructure.     Some  parts  of  the  substructure,  as 
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already  shown  by  the  illustrations,  were  of  an  especially  difiicult  con- 
struction, and  much  credit  is  due  to  the  contractors  for  this  work,  for 
the  manner  in  which  it  was  performed. 

The  contract  for  the  supei'structure  was  originally  awarded  to  A. 
Gottlieb  &  Co.,  but  Mr.  Gottlieb's  death  soon  afterward  made  it  neces- 
sary to  re-let  the  work,  and  it  was  given  to  Charles  L.  Strobel,  a  mem- 
ber of  our  society.  Mr.  Strobel  subdet  the  manufacturing  of  the  iron 
work  to  the  Elmira  Bridge  Co.,  of  Elmira,  N.  Y.,  and  the  manufactur- 
ing of  the  machinery  to  the  Scaife  Foundry  &  Machine  Co.,  of  Pitts- 
burg. Mr.  Strobel  and  his  able  assistants,  who  made  the  shop  plans 
for  the  bridge,  deserve  much  credit  for  the  care  with  which  all  the 
details  of  the  bridge  were  worked  out. 

The  electric  equipment  and  air  plant,  including  the  brakes,  air 
compressors,  gates,  signals,  etc.,  were  designed  and  furnished  by  G.  P. 
Nichols  &  Bro.,  of  Chicago.     The  former  is  also  one  of  our  members. 

The  bridge  was  constructed  under  the  supervision  of  Mr.  Samuel 
G.  Artingstall,  City  Engineer,  the  author  of  this  paper  having  direct 
charge  of  the  work. 

The  following  figures  on  the  cost  of  this  bridge  as  compared  with 
certain  other  city  drawbridges  may  be  of  interest : 

Wells  St.  Swing  Bridge  : 

Substructure $59,000  00 

Superstructure  ....  86,700  00 

Machinery  and  engines  .         .         ,         4,700  00 


$150,400  00 
This  bridge  has  two  roadways  of  21  feet   each    center   to  center 
trusses  and  two  sidewalks  of  8  feet  each,  is  220  feet  long,  and  gives  two 
clear  channels  of  about  72  feet  each. 
South  Halsted  St.  Lift  Bridge  : 

Substructure $84,700  00 

Superstructure  ....  81,400  00 

Machinery  and  engines  .         .         .       50,000  00 


$216,100  00 
This  bridge  has  one  roadway  of  40  feet  center  to  center  trusses  and 
two  sidewalks  of  9  feet  4  inches  each.    It  is  130  feet  long  center  to  center 
bearings  and  gives  one  clear  channel  of  118  feet. 
Van  Buren  St.  Rolling  Lift  Bridge : 

Substructure $79,600  00 

Superstructure  ....  73,100  00 

Electric  equipment        ....       11,150  00 


$163,850  00 


282  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

This  bridge  has  two  roadways  of  21  feet  each  center  to  center 
trusses  and  two  sidewalks  of  8  feet  6  inches  each.  The  channel  span  is 
115  feet  long  center  to  center  bearings,  and  gives  a  clear  channel  109 
feet  (between  masonry  abutments). 

^Y.  B. — The  engineering  and  inspection  expenses  are  not  included 
in  any  of  the  above  costs. 


DISCUSSION. 


A  VIEW  of  the  Tower  Bridge  in  London,  England,  taken  at  the 
time  of  its  inauguration  and  presented  to  the  society  by  Mr.  Liljencrantz 
was  then  shown  and  Mr.  Strobel  furnished  the  following  data: 

The  first  caisson  was  begun  in  September,  1886.  Both  piers  were 
completed  in  January,  1889.  The  formal  opening  of  the  bridge  took 
place  June  30,  189-1.  The  steel  work  was  furnished  by  Sir  William 
Arrol  &  Co. ;  the  contract  price  was  $1,685,000.  The  piers  and  abut- 
ments, John  Jackson's  contract,  cost  $656,000.  The  hydraulic  machin- 
ery, Armstrong  &  Co.'s  contract,  cost  $426,000.  The  masonry  super- 
structure cost  $745,000.  Other  contracts,  $636,000,  making  a  total  of 
all  original  contracts,  not  including  outside  expenses,  nor  engineering, 
of  $4,150,000,  The  opening  span  is  200  feet,  which  is  tAvice  the  open- 
ing in  Van  Buren  Street  bridge.  The  weight  of  each  leaf  is  about  1,000 
tons  gross;  the  pressure  in  the  accumulators  is  850  pounds  per  square 
inch.  The  test  load  of  150  tons  on  the  end  of  each  leaf  gave  a  deflec- 
tion of  If  inches. 

The  President: — The  account  of  the  tower  bridge  is  certainly 
very  interesting ;  in  fact,  the  explanation  of  its  cost  of  over  $4,000,000 
as  compared  with  $160,000,  seemed  desirable,  as  the  architectural  effect 
is  rather  elaborate. 

Mr.  Bush: — I  will  say  that  Mr.  W.  W.  Curtis,  who  represents  the 
Pittsburg  Bridge  Company  in  this  city,  had  expected  to  take  part  in 
this  discussion  to-night,  but  as  he  was  unable  to  be  present,  has  asked 
me  to  read  for  him  a  few  notes  prepared  by  him. 

The  following  paper  was  then  read  by  Mr.  Bush : 

Mr,  Curtis: — ]\Ir.  Roberts  has  very  kindly  given  me  an  opportun- 
ity to  look  over  his  paper,  and  present  such  discussion  as  I  might  desire, 
especially  with  reference  to  the  comparative  merits  of  the  Van  Buren 
Street  bridge  and  the  Halsted  Street  bridge,  with  which  I  was  directly 
connected. 

The  society  is  indebted  to  Mr.  Roberts  for  the  very  complete  man- 
ner in  which  he  has  described  this  piece  of  work.  This  city  seems  to  be 
especially  selected  as  a  trying  ground   for  new  schemes  in  the  way  of 
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bridge  construction.  Draw  spans  luive  been  worked  out  here  to  some- 
where near  the  limit  of  perfection  so  far  as  their  efficiency  in  the  line  of 
public  service  is  concerned,  and  uncpiestionably  the  same  care  and  free- 
dom in  expenditure  in  first  cost  will  insure  a  corresponding  development 
in  whatever  type  of  bridge  may  be  found  best  suited  to  the  local  condi- 
tions. Of  the  three  different  types  of  bridges  built  since  it  was  found 
necessary  to  substitute  something  for  drawbridges,  one  represented  the 
extremely  cheap,  the  second  the  extremely  costly,  while  the  third  is 
somewhere  near  the  golden  mean,  so  far  as  cost  alone  is  concerned. 
Fortunately  the  city  iu  its  experimenting  has  not  been  called  upon  to 
pay  the  cost  of  any  absolute  failure,  all  of  their  bridges  being  successes 
to  a  greater  or  less  degree. 

In  comparing  the  Halsted  Street  and  the  Van  Buren  Street  bridges 
there  are  several  points  which  should  be  borne  in  mind  to  do  justice  to 
the  former.  It  was  a  much  more  radical  departure  from  existing 
structures  than  the  Van  Buren  Street  bridge,  and  the  conditions 
under  which  it  was  built  were  very  different.  Plans  for  the  latter  work 
had  been  made  by  Mr.  Scherzer  and  very  cordially  adopted  by  the 
Engineering  Department  of  the  city.  The  contracts  called  simply  for 
the  proper  execution  of  the  work  according  to  the  plans  and  specifica- 
tions of  the  City  Engineer,  and  the  contractor  was  responsible  iu  no  way 
for  the  design  or  the  successful  operation  of  the  structure,  excepting  in  so 
far  as  that  might  be  affected  by  poor  work  on  his  part.  On  the  other 
hand  the  Halsted  Street  bridge  was  never  looked  upon  with  any  favor 
by  the  city ;  its  failure  was  predicted  time  and  again,  and  while  I  very 
willingly  recognize  the  fact  that  the  City  Engineer  and  his  assistants 
endeavored  to  treat  the  contractors  with  perfect  fairness  regardless  of 
their  opinions  of  the  wisdom  of  the  expenditure  of  money  entailed  by 
the  contract,  the  contractor  was  nevertheless  compelled  to  assume  risks 
on  the  enterprise  to  an  unreasonable  degree,  and  there  was  not  the  same 
interest  taken  in  the  bridge  as  in  the  Van  Buren  Street  structure.  The 
contractor  was  compelled  not  only  to  give  the  usual  bond,  guaranteeino- 
the  proper  execution  of  his  contract,  but  w^as  also  required  to  file  a 
special  bond  for  ^50,000,  guaranteeing  the  correctness  and  the  sufficiency 
of  the  engineer's  plans  for  the  entire  structure,  the  $50,000  to  be  for- 
feited in  case  the  bridge  was  not  made  a  perfect  success.  It  seems  now 
of  course  that  such  a  bond  was  a  mere  formality,  but  at  the  time  this 
work  was  constructed  there  were  several  questions  which  could  not  be 
determined  in  any  way  except  by  actual  tests,  and  which,  if  such  tests 
had  not  resulted  favorably,  would  have  caused  a  more  or  less  complete 
failure  of  the  whole  enterprise,  or  would  have  entailed  very  heavy  addi- 
tional expense  to  have  insured  its  success.  Under  these  circumstances  it 
is  not  surprising  the  cost  figured  for  the  machinery  was  large;  or  that  in 
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the  actual  construction  a  large  amount  of  money  was  spent  in  precau- 
tionary measures,  which  we  now  see  could  have  been  saved. 

Examining  the  statement  of  the  cost  of  the  Halsted  Street  bridge 
as  given  by  ^Ir.  Roberts,  we  find  it  divided  as  follows: 

Substructure $84,700  00 

Superstructure 81,400  00 

Machinery  and  engines  .         .         .       50,000  00 


Or  a  total  of.         .         .         $216,100  00 

Of  the  item  of  substructure,  $34,000  alone  was  required  for  the 
pneumatic  caissons,  the  balance  covering  the  cost  of  removing  the  old 
pile  work  in  the  river,  a  large  amount  of  dredging,  the  masonry  in  the 
four  main  piers  and  two  small  piers,  together  with  the  retaining  walls 
and  engine-room  foundation,  with  the  various  piles  and  timber  required 
therefor.  The  item  of  engines  and  machinery  covers  a  complete  steam 
plant  in  duplicate,  consisting  of  two  boilers  and  two  engines,  with  the 
necessary  gearing  and  shafting,  besides  the  counterweights,  cables  and 
their  necessary  connections  and  supports.  In  the  construction  of  a 
similar  bridge  the  expensive  engine  room  beneath  the  street,  as  well  as 
the  steam  plant,  would  be  eliminated  entirely,  resulting  in  a  considerable 
saving  in  first  co^t  as  well  as  a  very  large  saving  in  cost  of  operation, 
which  is  now  the  worst  feature  of  the  Halsted  Street  bridge.  By  plac- 
ing the  power  house  in  one  of  the  towers  above  the  roadway  and  using 
electric  power  furnished  frjm  a  central  station,  the  number  of  attend- 
ants required  as  well  as  the  cost  of  power  would  be  no  greater  in  the 
case  of  a  lift  bridge  than  for  the  Van  Buren  Street  bridge.  It  may  be 
said  that  the  two  pieces  of  work  should  be  compared  as  they  stand,  not 
as  they  may  be  modified  in  the  future  designs ;  but  this  is  hardly  a  fair 
way  of  looking  at  it,  because  of  the  much  greater  novelty  of  the  Halsted 
Street  design,  and  the  fact  that  the  power  was  generated  on  the  work 
itself  instead  of  being  purchased  as  at  Van  Buren  Street,  thus  adding  to 
the  first  cost  of  the  power  plant.  There  is  another  item  also  to  be  con- 
sidered, viz.:  the  difference  in  the  cost  of  material  at  the  time  the  two 
pieces  of  work  were  contracted  for.  By  referring  to  my  estimate  book 
I  find  the  difference  in  the  market  price  of  angles  amounted  to  $13.00 
per  ton,  which,  on  tlie  weight  of  the  Halsted  Street  bridge,  represents 
about  $9,500.00.  Mr.  Waddell,  the  designer  of  this  bridge,  has  placed 
himself  on  record  in  the  Transactions  of  the  American  Society,  as  believ- 
ing this  bridge  could  be  duplicated,  with  such  modifications  as  I  have 
suggested  above,  for  $50,000  less  than  it  actually  cost.  While  I  think 
the  gentleman  is  possibly  a  little  too  sanguine  in  this,  I  am  confident 
$175,000  at  the  present  time  would  be  sufficient  to  cover  the  expense  of 
such  a  construction. 
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The  main  objection  raised  by  engineers  to  a  bridge  of  the  ty})e  of 
the  Halstead  Street  bridge,  has  been  based  upon  the  apparent  absurdity 
of  moving  such  a  heavy  mass  to  the  height  necessary  in  order  to  open 
the  channel.  On  the  face  of  it,  it  certainly  seems  that  there  should  be 
some  method  requiring  a  less  expenditure  of  energy  to  secure  this  result, 
and  it  is  interesting  to  compare  the  actual  power  required  in  the  two 
structures  under  consideration.  Tests  made  at  Halsted  Street  for  Mr. 
Artingstall  by  Mr.  Frederick  Sargent,  indicate  that  with  both  engines 
working  at  a  high  speed  and  opening  the  bridge  in  the  shortest  jjossible 
time,  115  indicated  horse-power  was  recpiired,  while  operating  as  iu  actual 
practice,  with  one  engine  alone,  and  at  a  speed  20  per  cent,  less,  the  power 
developed  was  96  indicated  horse-power.  The  power  furnished  for  this 
work  consists  of  two  engines  of  a  nominal  rating  of  60  horse-power  each, 
with  steam  at  80  pounds  pressure.  Mr.  Roberts  states  the  indicated 
horse-power  required  for  the  Van  Buren  Street  bridge,  to  be  96  horse- 
power, which  may  be  reduced  possibly  by  more  accurate  counterbalancing. 
He  states,  there  are  two  50  horse-power  motors  supplied  for  each  half  of 
the  draw,  or  200  horse-power  supplied  for  the  bridge,  as  against  120 
horse-power  at  Halsted  Street.  You  will  also  notice  the  clear  opening 
in  the  Van  Buren  bridge  is  10  2)er  cent,  less  than  at  Halsted  Street. 
The  speed  for  opening  the  two  structures  apparently  is  not  very  different, 
either  being  sufficiently  rapid  for  any  conditions. 

Theonly  doubt  I  have  ever  entertained  as  to  the  value  of  the  rolling 
bascule  bridge  has  been  based  upon  the  possible  effect  of  a  collision. 
This  was  one  objection  raised  to  Halsted  Street  bridge,  but  that  struc- 
ture has  paifsed  through  three  collisions  with  credit  to  itself  and  injury 
to  the  boat.  What  the  result  would  be  if  it  were  struck  by  the  bow  of 
one  of  the  heavy  lake  steamers  there  may  possibly  be  room  for  doubt, 
but  I  believe  the  probability  of  serious  injury  from  collisions  is  exceed- 
ingly small.  With  the  bascule  bridge  of  whatever  type,  I  think  such  a 
collision  as  one  already  experienced  at  the  other  bridge  would  result  in 
the  demoralization  of  the  bridge  and  its  being  thrown  out  of  service  for 
some  days  at  least;  and  such  collisions  are  extremely  probable.  It  is  to 
be  hoped  experience  will  prove  the  Van  Buren  Street  bridge  has  greater 
resisting  power  as  against  such  accidents  than  the  writer  believes  it  pos- 
sesses. I  lelieve  the  direct  lift  bridges  have  a  province  of  their  own  and 
that  therein  they  are  superior  to  any  other  structure,  and  I  shall  certainly 
rejoice  if  Mr.  Scherzer's  last  work  remains  as  successful  as  it  is  to-day. 

Mr,  Goldmark. — ^Mr.  Roberts,  in  this  very  interesting  and  excel- 
lent paper,  has  given  perhaps  the  fullest  account  of  any  of  the  newer 
bridges  that  we  have  in  Chicago.  The  drawbridges,  as  he  very  truly 
remarked,  have  reached  a  high  state  of  perfection.  They  are  certainly 
efficient,  but  there  are  many  reasons  why  the  drawbridge  is  not  well 
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adapted  to  a  narrow  river  of  this  kind,  where  the  value  of  real  estate 
and  of  dock  room  is  extremely  great.  The  Van  Buren  Street  bridge — 
I  think  everybody  who  saw  it  operate  the  other  day  will  agree — seems 
to  be  an  extremely  satisfactory  and  efficient  machine  or  tool  for  doing 
the  particular  work  whicli  it  has  to  do,  that  is,  to  carry  a  heavy  roadway 
traffic  at  a  moderate  height  above  the  river,  and  at  the  same  time  give 
a  clear  opening  of  100  feet  for  vessels.  The  height  above  the  river 
there  is  limited,  and  consequently  there  is  considerable  difficulty  in  find- 
ing room  for  the  counterweights,  as  it  moves  downward.  In  fact,  even 
in  Van  Buren  Street  there  are  large  excavations  in  the  concrete,  and  a 
possible  influx  of  water  will  have  to  be  taken  care  of,  and  still  the  Van 
Buren  Street  and  our  other  Chicago  bridges  down  town  are  not  extremely 
close  to  the  water.  There  is  considerable  height,  I  think  twenty-four 
feet,  from  water  to  roadway.  In  many  cases,  in  Chicago  and  in  other 
cities,  this  distance  from  roadway  to  water  is  much  less,  and  a  bridge 
which  is  counterweighted  by  a  tail  end  in  that  way  presents  certain 
difficulties. 

Another  thing  in  connection  with  this  bridge  that  strikes  me  is 
that  the  100  feet  clearance,  which  is  provided  here,  is  probably  some- 
where near  the  limit  to  which  a  bridge  of  this  kind  can  be  economically 
built.  I  think  that  whatever  may  be  said  of  the  direct  lift  bridge,  such 
as  is  used  at  Halsted  Street,  it  certainly  can  be  used  for  considerably 
greater  lengths.  For  lengths  of  200  feet  it  would  find  a  more  useful 
field  for  application  than  it  did  find  here,  because  the  difficulties  of 
building  such  a  bridge  would  probably  not  increase  so  much  as  in  the 
case  of  a  cantilever,  in  which  the  deflections  increase  very  rapidly  with 
the  space  overhung. 

Mr.  Curtis  has  given  a  very  interesting  explanation  of  the  Halsted 
Street  bridge,  and  I  really  got  up  to  say  a  word  or  two  about  the  other 
bridge  that  Mr.  Curtis  referred  to,  which  was  the  cheap  bridge  of  the 
three  novel  types.  Some  three  years  ago,  when  I  entered  tho  employ 
of  Messrs.  Shailer  &  Schniglau,  they  had  taken  the  contract  for  the 
Canal  Street  bridge  for  a  total  contract  jDrice  for  superstructure,  sub- 
structure and  machinery,  including  the  iron  approaches,  of  $40,000. 
This  bridge  was  to  have  a  clear  span  of  80  feet,  and  the  approaches 
made  the  total  length,  if  I  remember  rightly,  in  the  neighborhood  of  175 
feet.  The  roadway  was  to  be  20  feet  wide,  with  two  sidewalks,  5-2  or  6 
feet  each.  The  iron  work  of  the  approaches  had  been  designed  in  two 
separate  short  spans  on  each  side.  They  were  afterwards  changed  to 
single  plate  girders.  The  general  outline  of  the  bridge  had  been  de- 
tailed by  Mr.  Kandeler  sufficiently  to  make  his  bid  and  estimate.  The 
bridge  was  taken  up  in  the  office  and  worked  out  with  some  care,  and  I 
want  to  say  that  I  know  from  experience  that  any  bridge  of  this  kind 
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involves  an  infinite  amount  of  patience  and  of  work  in  order  to  make  it 
go  together  at  all,  and  I  realize  that  the  gentlemen  who  have  had  to  do 
with  the  Van  Buren  Street  bridge  must  have  had  a  great  deal  of  pa- 
tience and  a  great  deal  of  skill  to  get  such  a  jierfect  structure. 

For  the  Canal  Street  bridge  I  will  say  that,  although  it  was  designed 
for  a  rolling  load  of  100  pounds  to  the  square  foot,  the  strains  in  no 
part  of  the  structure  are  at  all  heavy.  The  bridge  fulfills  its  purpose 
perfectly,  and  carries  the  heavy  teaming  traffic  of  the  lumber  district 
with  safety  and  without  any  excess  of  deflection  where  the  two  ends 
meet,  though  they  are  not  locked  in  any  way.  The  substructure  was 
built  somewhat  in  the  way  the  Van  Buren  Street  bridge  was,  that  is,  it 
consists  of  piles  cut  oflT  16  feet  below  low  water,  with  concrete  and  stone 
piers  above,  the  four  small  piers  being  independent,  and  the  abutments 
being  built  in  a  similar  way.  The  machinery  is  independent,  and 
includes  two  double  cylinder  engines  in  each  of  the  little  houses  on 
each  approach,  with  a  place  for  coal.  In  comparison  with  other  bridges, 
I  think  the  contract  price  is  perhaps  quite  an  interesting  item.  For 
more  money  we  could,  of  course,  have  built  a  heavier  bridge,  and  per- 
haps a  more  ornamental  bridge,  but  I  think  that  the  Harmon  patent  on 
which  this  bridge  was  built  is  really  a  very  economical  style.  There  is 
no  place  in  which  the  strains,  either  in  tension  or  compression,  are 
large.  All  the  girders  or  beams  are  reduced  to  small  sizes,  and  the  load 
is  carried  very  directly  to  the  towers  and  to  the  piers,  and  when  there 
is  a  cantilever  action,  it  is  taken  care  of  by  a  tower  about  40  feet  high. 
Of  course  that  is  a  very  economical  way  of  taking  care  of  a  cantilever, 
rather  than  by  the  comparatively  shallow  girders  such  as  are  used  at 
Van  Buren  Street.  It  does  not  look  as  well,  I  admit,  but  it  is  certainly 
more  economical,  and  I  think  it  explains  in  a  considerable  measure  the 
difference  in  co^t  between  these  two  bridges. 

Mr.  Hasbrouk. — I  would  ask  for  what  reason  the  Van  Buren 
Street  bridge  was  made  of  two  independent  cantilevers,  rathf  •  than  an 
arch,  as  the  Metropolitan  is. 

Mr.  Strobel. — I  would  say  that  in  case  of  the  Van  Buren  Street 
bridge,  there  is  no  particular  advantage  to  be  gained  from  treating  the 
bridge  as  an  arch.  In  the  case  of  a  longer  span  I  should  consider 
there  would  be  an  advantage  in  arranging  to  have  the  two  parts  meet 
in  the  center  and  act  as  an  arch.  The  thrust  on  an  abutment  of  a 
Chicago  river  bridge  is  never  a  desirable  feature,  as  the  soil  is  very 
yielding. 

Furthermore,  there  is  a  wedge  action  which  might  take  place  if  the 
bridge  acted    as    an    arch,  which    would  make  the  opening    of   the 
structure  harder  and  would  require  more  power. 
25 
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I  may  add,  as  it  may  not  have  been  explained  as  fully  in  the  paper 
as  might  be,  that  this  bridge  could  have  been  balanced  perfectly.  The 
center  of  gravity  could  have  been  arranged  to  coincide  with  the  center 
of  the  segmental  girders.  In  that  case  the  balance  would  have  been 
complete  in  every  position  of  the  bridge.  It  was  {)referred,  however,  to 
arrange  the  balance  so  that  there  would  be  a  tendency  for  the  bridge  to 
open  as  soon  as  it  was  unlocked.  Then,  in  lowering  the  bridge,  the 
position  of  the  center  of  gravity  is  such  that  the  bridge  will  drop  a  part 
of  the  way.  After  it  has  reached  pretty  nearly  a  horizontal  position, 
the  bridge  has  to  be  forced  down  to  a  complete  horizontal  position. 

Mr.  Hasbrouk. — The  question  raised  in  my  mind  was  in  regard 
to  the  deflection — whether  or  no  it  is  wise,  or  otherwise,  to  make  two 
cantilevers.  We  have  two  cantilevers,  it  strikes  me,  that  having  one 
arm  loaded,  the  deflecticm  of  that  arm  might  be  considerable,  and  the 
other  arm  not  being  loaded  might  make  a  break  in  the  bridge  at  the 
center. 

Mr.  Roberts. — For  the  loads  that  we  have  here  in  the  city  there 
is  no  deflection.  As  yet,  we  have  had  nothing  heavier  than  a  six  horse 
team  with  a  very  heavy  load  go  over  the  bridge.  I  was  on  the  bridge 
the  other  day  when  a  six-horse  team  crossed  it,  and  there  was  no  such 
deflection.  The  castings  at  the  center  through  which  the  3-inch  steel 
pins  work  are  very  heavy ;  and,  I  think,  are  entirely  capable  of  taking 
up  even  greater  loads  than  we  will  have  on  this  bridge.  How  it  would 
be  on  a  railway  bridge,  as  the  Metropolitan,  where  they  have  a  heavy 
motor-car,  I  cannot  say. 

Replying  to  the  question  that  was  suggested  by  Mr.  Goldraark,  he 
thinks  that  we  have  very  nearly  reaclii  d  the  limit  of  span  for  which 
this  type  of  bridge  is  adapted.  I  would  say  that  I  think  not,  so  long  as 
we  can  have  a  little  more  head-room.  We  only  have  about  15  feet 
from  the  bottom  of  the  track  to  the  center  of  motion.  Where  the 
approaches  could  be  made  longer  and  the  bridge  made  higher,  there  is 
no  reason  why  the  span  could  not  be  made  materially  longer. 

Mr.  Bush. — Assuming  a  pie-sure  of  18  pounds  per  square  foot 
strikes  me  as  being  considerably  lighter  than  ordinary  specifications. 

The  President. — Mr.  Roberts  is  called  upon  for  too  much  in  the 
way  of  explanation,  and  hence  I  will  presume  to  answer  Mr.  Bush  with 
the  suggestion,  that  with  a  pressure  of  18  pounds  per  square  foot  from 
wind  it  is  quite  safe  to  assume  that  there  will  be  no  navigation  on  the 
river,  hence  no  occasion  to  expose  the  draw. 

Mr.  Appleton. — The  description  of  this  novel  structure  is  cer- 
tainly very  interesting.  There  are  a  few  points  about  the  operating 
raachinerv  on    which    I   would    like  a   little  more  information.     As   I 
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understand  it,  the  brakes  on  the  small  wheel,  as  well  as  on  the  large 
wheel,  are  operated  by  compressed  air,  and  that  there  is  but  one  air 
pump.  It  would  seem  desirable  to  have  some  form  of  hand  brake  for 
use  in  case  of  failure  of  the  compressed  air  through  leakage  or  breakage 
of  pipes. 

This  bridge  is  operated  by  electric  motors.  The  current  comes 
from  a  distant  station  operated  by  a  j)rivate  corporation.  If  the  current 
should  fail  at  any  time,  what  would  become  of  the  bridge  ?  Would  it 
not  be  well  to  have  a  duplicate  line  of  cables  to  supply  the  electric 
current?  And  would  it  not  be  well  to  have  some  kind  of  hand  gear 
for  use  in  emergencies  ?  And,  asking  for  information  merely,  what  are 
the  advantages  of  electric  motors  in  this  case  over  steam  engines  ? 

The  President. — Mr.  Roberts  has  been  called  on  so  often  to 
answer  questions.     I  think  I  will  call  on  Mr.  Nichols. 

Mr.  Nichols. — As  I  was  acting  in  the  capacity  of  contractor,  plac- 
ing the  motors  there  was  a  matter  of  course.  There  certainly  are 
advantages  in  the  use  of  electric  motors.  The  combined  capacity  of  the 
two  motors  is  150  horse-power.  You  can  imagine  how  much  room  a 
steam  plant  that  will  generate  that  amount  of  power  would  take  up, 
with  all  the  boilers  and  the  stack  and  everything  pertaining  thereto.  ]t 
would  necessarily  be  duplicated  on  the  other  side,  which  would  be  ])rac- 
tically  an  impossibility,  although  I  suppose  it  might  be  done  some  way. 

As  to  the  comparative  cost  of  operation  by  steam  and  electricity, 
that  is  purely  a  matter  of  arrangement  between  the  city  and  the  parties 
furnishing  the  current.  It  is  true  that  in  the  transmission  of  power  by 
electricity  there  is  a  loss  of  about  25  per  cent,  between  the  generating 
point  and  the  point  of  application,  but  that  is  more  than  offset  by  the 
fact  that  so  much  less  space  is  required. 

As  far  as  the  danger  of  the  current  failing  is  concerned,  it  is  hard 
to  conceive  of  a  more  perfect  or  more  reliable  system.  With  such  an 
engine  and  steam  plant  as  is  usually  placed  on  a  bridge,  the  conditions 
are  necessarily  unfavorable  for  efficient  service.  The  source  of  power, 
or  generating  plant,  is  at  the  Chicago  Edison  Company's  station,  at  the 
corner  of  Market  and  Washington  Streets,  where  they  have  compound 
engines  of  large  units  and  in  duplicate,  and  the  same  with  the  boilers 
and  generators,  so  that  if  anything  should  happen  to  any  part  of  the 
plant,  a  duplicate  part  could  be  substituted.  The  building  is  practically 
fireproof.  Connection  is  made  between  the  generators  at  the  station  and 
the  motors  on  the  bridge  by  heavy  armored  cables  laid  in  iron  conduits 
under  ground.  The  diameter  of  the  wire  conductors  is  something  like 
I  inch,  and,  with  the  insulation,  is  something  over  an  inch,  so  it  would 
be  very  hard  to  rupture  the  circuit  by  mechanical  means.     As  far  as 
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burning  out  is  concerned,  that  is  hardly  possible,  as  the  type  of  motor 
used  is  such  as  designed  for  street  car  and  electric  locomotive  work,  and 
is  designed  with  reference  to  rough  usage,  excessive  overloads  and 
scarcely  any  attention;  so,  comparing  electricity  with  steam,  the  advan- 
tages are  greatly  in  favor  of  the  motor.  For  comparison  vve  can  refer 
to  the  bridges  that  have  previously  been  equipped  with  motors.  At  the 
Rush  Street  bridge  there  was  less  trouble  than  with  the  new  Madison 
Street  bridge,  which  was  started  about  the  same  time.  There  were  sev- 
eral stoppages  with  the  steam  bridge,  while  with  the  electric,  none  at  all. 
Similar  results  were  obtained  in  Milwaukee.  At  the  time  the  Grand 
Avenue  bridge  was  equipped  with  an  electric  motor,  the  Michigan  Street 
bridge  was  equipped  with  steam.  The  City  Engineer  has  no  hesitation 
in  saying  there  is  no  comparison  between  the  operation  of  the  two; 
the  steam  bridge  caused  them  some  trouble,  the  electric  none. 

Why  no  provision  was  made  for  hand  power  is  for  Mr.  Roberts  to 
say,  as  that  question  did  not  come  within  the  province  of  my  work. 
While  the  air  brakes  have  in  every  respect  come  up  to  our  expectations 
and  have  proved  themselves  to  be  extremely  reliable  and  easy  of  opera- 
tion, and  have  not  in  a  single  case  failed  to  act  quickly  and  positively, 
it  has  been  decided  by  the  Bridge  Engineer  that  it  would  be  wise  to 
provide  supplementary  brakes  to  be  worked  by  hand,  in  case  of 
emergency. 

Mr.  Johnston. — In  regard  to  the  remark  that  was  made  about  the 
advantages  of  having  one  clear  span,  rather  than  two  more  narrow  ones, 
ease  of  navigation  has  been  claimed  for  the  former.  The  question  to  be 
considered,  in  the  Chicago  River,  is  one  of  flowing  water  with  only  the 
draw  span  through  which  to  flow.  It  occurs  to  me  that  perhaps  a  swing 
bridge,  with  two  55-feet  openings,  as  at  Madison  Street,  on  the  map 
herewith,  would  ofter  more  easy  navigation  than  one  with  110- feet  single 
opening,  as  at  Van  Buren  Street.  With  running  water  in  the  river,  as 
will  be  the  case  in  the  future,  a  mean  velocity  of  3  feet  per  second  may 
be  fairly  expected  through  the  openings,  the  depth  being  taken  at  16 
feet.  The  cross-section  of  many  boats  that  will  navigate  the  stream, 
will  be  nearly  one-half  that  of  the  stream  through  the  draw-opening. 
The  eflect  will  be  to  double  the  velocity  as  the  boat  passes  the  bridge, 
or  to  give  a  velocity  of  six  feet  per  second,  which  increased  velocity  will 
oppose  quite  a  resistance  to  the  motion  of  the  boat.  In  the  case  of  the 
swing  bridge  with  two  clear  openings,  when  the  boat  has  entered  one  of 
the  openings,  nearly  all  the  flow  will  be  forced  through  the  other.  The 
•velocity  of  flow  adjacent  to  the  sides  of  the  boat  will  thereby  be  dimin- 
ished, as  will  also  the  resistance  to  motion.  I  think  it  is  very  doubtful 
whether  in  this  case,  where  the  cross-section  of  the  boat  occupies  so 
large  a  proportion  of  the  cross-section  of  the  stream,  there  is  any  advan- 
tange  in  the  clear  opening  over  the  double. 
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Agaiu,  in  the  case  of  boats  passing  eacli  other.  In  the  case  of  the 
double  opening,  we  have  in  the  main  Chicago  River,  or  as  at  the  Madi- 
son Street  bridge,  what  may  be  called  a  double-track  passage.  Two  boats 
passing  each  other,  each  nearly  55  feet  wide,  in  a  span  of  110  feet,  would 
occupy  nearly  all  the  cross-section,  and,  as  one  boat  passed  the  other, 
there  would  be  set  up  cross-currents  which  would  interfere  quite  a  good 
deal  with  the  handling  of  the  boats.  In  the  double  opening,  there  is 
no  such  thing. 

A  map,  showing  the  bridge-crossings  from  Madison  Street  to  Har- 
rison Street,  would  afford  quite  a  study  in  this  connection.  A  few  more 
bridges  in  this  region,  and  there  will  not  be  much  left  of  the  river.  Too 
long  a  stretch  of  single  track  navigation  is  being  created. 

Mr.  IjILJencrantz. — I  think  I  would  agree  with  Mr.  Johnston  if 
the  question  concerned  the  way  of  constructing  a  bridge  in  a  "straight" 
channel,  but  the  Chicago  River  is  unfortunately  very  far  from  a  straight 
channel,  and  that  is  probably  one  of  the  main  facts  that  brought  about 
the  devices  of  these  three  last  new  kinds  of  bridges,  because  in  the 
short  bends,  in  which  several  bridges  are  located,  the  one  side  (when  a 
swing  bridge  is  used)  is  frequently  impassable  by  a  boat  of  an  average 
size,  and  therefore  I  think  that  in  all  such  localities  the  center  channel 
is  far  preferable.  '  And  as  the  question  of  navigation  has  been  taken 
up,  I  should  like  to  ask — perhaps  more  in  the  interest  of  navigators 
than  the  engineers — inasmuch  as  Mr.  Roberts  mentioned,  as  I  under- 
stood it,  that  the  "  clear  channel  "  at  Van  Buren  Street  bridge  was  100 
feet,  I  should  like  to  ask  if  that  does  not  mean  the  width  between  the 
stone  abutments,  because  the  clear  channel  between  the  protections  I 
have  found  to  be  only  about  80  feet.) 

The  President. — Somewhat  more  than  twenty  years  ago,  in  con- 
versation with  parties  as  to  drawbridges  for  the  Chicago  River,  I  was 
assured  it  was  a  matter  of  a  very  short  time,  two  to  four  years  at  most, 
till  the  traffic  in  the  river  would  be  done  with  lighters,  the  larger  craft 
staying  in  the  outside  harbor,  or  going  to  the  Calumet,  and  all  the 
bridges  would  be  of  the  fixed  type.  The  prospect  of  any  such  change 
in  the  navigation  interests  or  the  bridges  seems  more  remote  than  it  did 
twenty  years  ago.  In  fact  there  is  not  at  this  time  even  a  suggestion  of 
the  probability  of  any  such  change;  hence  it  is  fiiir  to  assume  that  we 
are  to  see  much  development,  with  many  exani()les  in  the  way  of  draw- 
bridges other  than  the  pivot  kind  so  long  the  standard  on  the  Chicago 
River. 
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Case  Library  Building,  Cleveland,  Ohio,  July  9,  1895. — The  meeting 
of  the  Civil  Engineers  Club  of  Cleveland  was  called  to  order  at  8  p.m.,  by  the 
President.     Present,  22  members  and  visitors. 

The  minutes  of  the  last  meeting  were  approved. 

Mr.  Thompson,  Chairman  of  the  Committee  on  Resolutions  upon  the  death  of 
Mr.  A.  M.  Wellington,  reported  as  follows: 

Resolved,  That  the  Civil  Engineers'  Club  of  Cleveland  learns  with  sorrow  of 
the  death  of  A.  M.  Wellington,  one  of  its  original  members.  He  was  among  those 
who  took  great  interest  in  its  formation  and  was  instrumental  in  placing  it  upon  its 
present  footing.  He  was  its  first  representative  upon  the  Board  of  Managers  of 
the  Association  of  Engineering  Societies  and  was  active  in  the  affairs  of  the  Asso- 
ciation as  well  as  in  those  of  the  Club. 

In  his  death  the  profession  of  Civil  Engineers  sustains  a  great  loss.  And  we 
shall  miss  his  substantial  contributions  to  its  literature. 

We  desire  to  express  our  deep  regret  at  his  untimely  decease  and  to  convey  to 
his  family  our  sincere  sympathy. 

Resolved,  That  these  resolutions  be  spread  upon  the  minutes  of  the  Club  and  a 
copy  forwarded  to  his  family. 

The  resolutions  were  unanimously  adopted.  President  Mordecai  spoke  also  in 
eulogy  of  Mr.  Wellington. 

The  Executive  Board  reported  the  resignation  of  Prof.  E.  W.  Morley,  and  tiie 
transfer  from  active  to  corresponding  membership  of  Mr.  F.  S.  Richards. 

The  Committee  on  Picnic,  through  Mr.  Jno.  L.  Culley,  reported  progress. 

Messrs.  Palmer  and  Brown  were  appointed  tellers  to  canvass  ballots  for  Mr.  R. 
Hoffman. 

The  Club  then  listened  to  the  paper  of  the  evening  by  Mr.  Wm.  H.  Searles, 
"The  Dedections  and  Stresses  of  a  Flexible  Ring  Under  Load."  This  description 
of  his  original  investigations  upcm  the  subject  was  very  interesting. 

The  President  gave  a  short  account  of  the  late  meeting  of  the  American 
Society  of  Civil  Engineers  at  Boston. 

The  Club  voted  to  hold  no  meeting  at  the  regular  date  in  August.  Mr.  Robert 
Hofi'man  was  announced  elected  to  active  membership,  and  at  about  10  o'clock  the 
meeting  adjourned.  F.  A.  Coburn,  Secretary. 

(1) 
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THE  LATE  A.  M.  WELLINGTON. 
Rkmarks  by  Augustus  Mordecai,  President  of  the  Club. 

I,  perhaps,  was  as  well  acquainted  with  Mr.  Wellington  as  any  one  present 
As  has  been  said  of  him,  he  was  a  man  of  remarkable  energy.  Blessed  with  a  strong 
constitution,  when  any  interesting  problem  really  took  hold  of  him  he  seemed  never 
to  tire,  even  working  far  into  the  night  and  forgetting  to  stop  for  his  meals. 

Born  in  Massachusetts  in  1847,  and  graduated  from  the  Boston  Latin  School, 
he  became  an  articled  student  in  the  office  of  Mr.  Henek,  of  Boston,  the  author  of 
the  well-known  field  book,  and  later  connected  with  Mr.  Frederick  Lew  Omstead 
in  the  Brooklyn  Park  Department,  then  with  several  railroad  enterprises  in  the 
South,  East  and  West  as  assistant  engineer  on  construction.  In  1878  he  came  to 
Cleveland  as  an  assistant  to  ]\Ir.  Chas.  Latimer  on  what  was  then  the  Atlantic  and 
Great  Western  Railroad  ;  after  remaining  in  that  position  three  years  he  went  to 
Mexico  as  chief  engineer  of  the  Mexican  National,  and  later  became  assistant  general 
manager  of  that  line.  He  returned  to  the  United  States  in  1884  to  become  one  of 
the  editors  of  the  Railroad  Gazette,  remaining  with  that  influential  journal  three 
years,  when  he  associated  himself  witli  Mr.  Frost,  of  the  Engineering  News,  and  was 
one  of  its  principal  editors  to  the  time  of  his  death.  During  his  connection  with 
these  journals  he  also  acted  as  consulting  engineer  in  many  important  works,  mak- 
ing reports  on  the  improvement  of  Toronto  harbor  ;  the  abolition  of  grade  crossings 
at  Buffalo;  the  terminals  of  the  Brooklyn  bridge;  the  railroad  system  of 
Jamaica,  etc. 

He  was  always  a  student,  and  his  energetic  nature  led  him  early  to  analyze  and 
study  the  problems  of  railroad  construction  and  maintenance.  So  impressed  was  he 
with  these  problems,  and  so  desirous,  as  was  natural  for  him,  to  give  to  others  the 
benefit  of  his  consideration  of  them  that  he  early  commenced  publishing  papers  on 
railroad  location.  In  1874,  when  but  twenty-seven  years  of  age,  he  published  the 
"Computation  of  Earthwork  from  Diagrams."  From  1874  to  1878  he  commenced 
his  "  Economic  Theory  of  the  Location  of  Railways,"  published  as  a  series  of 
papers  in  the  Railroad  Gazette  and  afterwards  published  in  book-form.  In  1887, 
the  last  edition,  a  much  larger  book  on  railway  location,  was  published  by  him. 
He  was  an  indefatigable  compiler  of  facts  and  figures  and  a  keen  analyzer  of  what 
they  showed.  He  was  a  ready  and  aggressive  writer,  and  had  a  facility  of  expres- 
sion which  adds  greatly  to  the  value  of  his  books. 

My  first  ac([uaintance  with  Mr.  Wellington  was  in  1878,  when  he  was  appointed 
assistant  engineer  on  the  Atlantic  and  Great  Western  Railroad.  The  organization 
at  that  time  was  different  from  what  it  is  now  on  the  New  York,  Pennsylvania  and 
Ohio  Railroads,  and  there  were  a  number  of  young  men  in  the  office  in  Cleveland 
as  Mr.  Latimer's  assistants.  We  soon  came  to  value  him  for  his  real  ability,  zeal 
and  energy,  and  for  iiis  invariable  good  humor  and  cheerfulness.  The  engineering 
department  was  then  engaged  in  working  out  a  number  of  interesting  problems, 
among  others  the  thorougli  organization  of  the  department,  making  it  more  efl^ective 
and  giving  it  its  true  standing  in  tiie  organization  of  the  road.  Among  the  engi- 
neering problems  were  tiiose  of  lowering  the  grades;  replacing  the  wooden  bridges 
with  iron  ones;  improving  the  permanent  way  by  tlie  adoption  of  standards  for  rail 
sections,  frogs,  switches,  etc.;  making  complete  maps  of  the  line  and  securing  full 
title  to  the  right  of  way;  work  which  all  railroads,  about  that  time,  had  to  face. 
I'nder  the  admirable  leadership  of  Mr.  Latimer  each  of  us  had  his  special  work, 
and  Mr.  Wellington  rendered  valuable  assistance  in  many  of  these  lines,  more 
especially  in  the  ))roblems  connected  with  the  lowering  of  the  grades,  and  in  editing 
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the  proceedings  of  the  roadniasters'  meetings,  wliich  Mr.  Latimer  inaugurated  in 
order  to  bring  more  liarmonioiis  action  and  more  effective  work  into  his  department. 
He  was  also  busily  engaged  in  carrying  on  a  series  of  experiments  looking  to  the 
determination  of  the  axle  friction  of  freight  cars,  and  also,  I  remember,  he  reported 
for  some  of  the  technical  journals  the  convention  of  the  Society  of  Civil  Engineers 
held  in  Cleveland,  besides  doing  other  literary  work. 

It  was  during  this  period  tliat  he  married  and  commenced  that  loving  compan- 
ionship which  lasted  to  the  end.  His  wife  was  essentially  a  helpmate  to  him,  accom- 
panying him  in  all  his  wanderings,  entering  into  all  his  plans,  and  living  her  life 
in  his,  a  sacrifice  which  he  certainly  returned  with  a  most  perfect  and  true  devo- 
tion.    We  do  well  to  tender  to  her  our  sincere  sympathy  in  her  widowhood. 

He  vvas  among  the  first  to  enter  heartily  into  the  idea  of  the  formation  of  this 
Club,  which  owes  mucli  to  his  organizing  ability  and  energy.  He  was  the  first,  I 
think,  to  conceive  of  the  idea  of  the  Journal  of  the  Association  of  Engi- 
neering Societies.  He  was  our  first  representative  on  the  Board  of  Managers  of 
that  Association,  and,  in  company  with  Mr.  Benezette  Williams  and  others,  he 
helped  largely  in  assuring  its  success.  He  was  always  interested  in  the  welfare  of 
the  Club  ;  and  in  later  years,  when  I  have  met  him  in  New  York,  he  has  often  in- 
quired as  to  its  progress  and  as  to  the  welfare  of  its  older  members. 

There  are  in  the  profession  men  more  scientific  than  Mr.  Wellington  ;  men 
more  tactful  than  he;  men  who  will  leave  monuments  larger  and  greater  than  his> 
and  yet  his  i)]ace  will  be  found  difficult  to  fill.  His  best  work  was,  to  my  mind,  the 
editorship  of  the  FJiujlneeriivj  News.  He  brought  to  that  paper  a  facility  of  writing, 
an  aggressive  and  forceful  manner  full  of  suggestion  and  vim,  a  good,  clear  under- 
standing as  to  what  a  paper  of  that  kind  ought  to  be,  and  these  were  invaluable  in 
raising  its  position  and  placing  it  where  it  now  is  in  the  list  of  technical  papers. 

In  private  intercourse  he  was  a  warm-hearteJ,  conscientious  man,  faithful  to 
his  work,  only  wanting  that  work  to  be  as  well  done  as  it  could  possibly  be,  not 
lowering  others  that  he  might  rise,  of  even  temperament,  and  although  expressing 
his  opinions  forcibly,  and  retaining  them  with  persistence,  still  carrying  with  it  all 
a  high  sense  of  duty  and  a  sincerity  which  won  him  the  confidence  of  those  who 
were  fortunate  enough  to  be  intimately  acquainted  with  him. 

For  his  genius  as  a  writer,  for  his  ability  as  an  engineer,  for  his  love  for  his 
profession,  and  the  purity  and  simplicity  of  his  character,  it  is  eminently  fitting 
that  we  sliould  pay  a  tribute  to  his  memory. 

His  last  illness  was  brought  on  by  too  close  application  in  working  out  some 
problems  in  connection  with  a  suggested  change  in  the  steam  engine,  putting  in 
practical  shape  some  ideas  he  had  long  entertained.  Even  his  strong  constitution 
could  not  stand  the  protracted  want  of  exercise  and  of  regular  meals.  We  may 
exclaim  with  Byron : 

oil  what  a  noble  heart  was  here  undone, 
When  science's  self  destroyed  her  favorite  son. 
'Twas  thine  own  genius  gave  the  final  blow 
And  lielped  to  plant  the  wound  that  laid  thee  low. 


Association  of  Engineers  of  Virginia. 


R0AN0KE,Va.,  July  11, 1895. — The  regular  summer  meeting  of  the  Association 
of  Engineers  of  Virginia  convened  in  Lexington  on  June  28,  1895,  in  the  chapel  of 
Washington  and  Lee  University.     The  meeting  was  called  to  order  by  Prof.  D.  C. 
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Humphreys,  wlio  introthiced  Hon.  William  A.  Glasgow,  the  Mayor  of  Lexington, 
who  delivered  an  address  of  welcome,  according  to  the  Association  the  freedom  of 
the  town.  This  address  was  responded  to  by  the  Vice-President  of  the  Association, 
Mr.  M.  E.  Yeatman,  and  after  the  conclusion  of  his  remarks  he  announced  the  meet- 
ing open  for  business. 

On  motion  of  Mr.  H.  A.  Gill  is,  the  business  of  the  meeting  was  deferred  until 
Friday  morning. 

Prof.  Himiphreys  then  gave  a  very  interesting  talk  on  the  "Improvement  of 
the  Mississippi  and  Missouri  Rivers,"  with  which  work  he  was  connected  for  a  num- 
ber of  years.  He  first  explained  the  troubles  due  to  the  washing  in  times  of  flood 
and  the  changes  that  take  place  in  the  river  bottoms,  and  with  the  help  of  lantern 
slides,  made  from  pictures  taken  on  the  ground  while  the  work  was  in  progress,  he 
ex{)lained  the  methods  used  in  holding  in  check  the  washing  and  changing  of  posi- 
tion of  channel. 

Mr.  Newall,  of  the  United  States  Geological  Survey,  exhibited  and  explained 
to  the  Association  the  apparatus  used  for  measurements  of  the  current  flow  of 
rivers.  This  ingenious  machine  is  arranged  so  that  a  screw  turned  by  the  force  of 
water  opens  and  shuts  an  electric  circuit,  which  working  a  sounder  registers  the 
speed  of  the  current. 

Session  then  adjourned  to  meet  Saturday,  June  29th,  at  9.30  a.m. 

Saturday,  June  29th,  meeting  called  to  order  by  Vice-President,  M.  E.  Yeat- 
man, at  9.30  A.M. 

The  following  report  by  the  committee  appointed  to  recommend  a  standard 
gauge  for  sheet  metal  and  wire  was  read  and  unanimously  adopted  : 

To  the  President  and  Members  : 

Your  committee  appointed  to  draw  up  resolutions  in  regard  to  the  introduction 
of  the  Decimal  Gauge  concludes  that  it  cannot  do  better  than  to  indorse  the  resolu- 
tion adopted  by  the  joint  committees  of  the  American  Society  of  Mechanical  Engi- 
neers and  the  American  Railway  Master  Mechanics'  Association,  at  their  meeting 
in  New  York,  February  13,  1895,  which  was  as  follows: 

Resolced,  That  while  the  Micrometer  Gauge  should  be  used  for  test  purposes  in 
the  laboratory,  yet  for  general  shop  use  a  solid  notched  gauge  is  desirable.  The 
form  of  this  gauge  should  be  an  ellipse  whose  major  axis  4  inches,  the  minor  axis 
2.5  inches,  and  the  thickness  .100  inches.  There  should  be  either  one  hole  .750'''' 
diameter  in  center,  or  one  at  each  of  the  foci  for  lightening  and  convenience.  This 
gauge  must  be  plainly  stamped  with  the  words  '  Decimal  Gauge  '  in  letters  .200''^ 
high,  and  below  this  the  name  of  the  trade  which  tiie  group  of  notches  is  to  cover, 
these  groups  to  be  selected  with  reference  to  the  needs  of  the  several  trades. 

All  sizes  of  notches  to  be  marked  in  thousandths  of  an  inch  without  a  zero 
prefixing  the  decimal  point,  but  with  inch  marks  after  the  figures,  thus,  .002/' 

It  is  also  the  intention  of  this  committee  that  in  ordering  material  the  term 
"Gauge"  shall  not  be  used,  but  merely  tiie  thickness  in  thousandths  of  an  inch. 

Your  committee  also  recommends  the  following  rules  for  the  adoption  by  this 
Association  as  standard  : 

1st.  The  Micrometer  Caliper  should  be  used  for  laboratory  and  tool-room  work, 
and  in  shops  when  specially  desired. 

2d.  The  solid  notched  gauge  sliould  be  used  for  general  shop  purposes. 

3d.  The  form  of  this  gauge  shall  be  an  ellipse  whose  major  axis  is  4  inches,  the 
minor  axis  2.5  inches,  and  the  thickness  .1  inch,  with  a  central  hold  .75  inch  in 
diameter. 


.022^^ 

.060" 

.110" 

.025'' 

.065" 

.125" 

.028" 

.070" 

.135" 

.032'' 

.075" 

.150" 

.036" 

.080" 

.165" 

.040" 

.0S5" 

.180" 

.045" 

.090" 

.200" 

.050" 

.095" 

.220" 

.055" 

.100" 

.240" 
.250" 
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4th.  For  general  railroad  purposes  the  notches  may  be  as  follows : 
.002" 
.004" 
.006" 
.008" 
.010" 
.012" 
.014" 
.016" 
.018" 
.020" 

5th.  All  notches  to  be  marked  as  in  the  above  list. 

6th.  The  gauge  must  be  {)lainly  stamped  with  the  words  "  Decimal  Gauge  "  in 
letters  .2"  high. 

7th.  In  ordering  material  the  term  "  Gauge"  shall  not  be  used,  but  the  thick- 
ness ordered  by  writing  the  decimal  as  in  above  list.  (For  sizes  over  }"  the  ordi- 
nary common  fractions  may  be  used.) 

G.  R.  Henderson,       -j 
Chas.  S.  Churchill,  >  Committee. 
R.  H.  SOULE,  i 

The  report  was  unanimously  adopted. 

The  following  names  having  been  duly  approved  by  the  membership  commit- 
tee were  proposed  for  membership  :  Harry  Frazier,  Richmond,  Va.;  Wm.  F.  Wall, 
Price's  Fork,  Va.;  Samuel  M.  Barton,  Blacksburg,  Va.,  and  John  T.  Worthington, 
Roanoke,  Va.  On  motion,  the  Secretary  was  instructed  to  cast  the  ballot  of  the 
Association  for  these  members. 

Mr.  H.  A.  Gillis,  of  Roanoke,  then  read  a  paper  on  the  "  Surface  Hardening  of 
Cast  Iron,"  exhibiting  quite  a  number  of  specimens  of  cast  iron  hardened,  with 
chill  blocks  of  various  thicknesses,  and  also  of  specimens  of  hardening  by  a  process 
similar  to  that  used  in  case  hardening  wrought  iron.  This  paper  brought  out  much 
interesting  discussion,  and  on  motion  was  referred  to  the  publication  committee. 

Col.  J.  W.  Brooks,  of  the  Virginia  Military  Institute,  exhibited  the  apparatus 
used  by  him  forty  years  ago  in  making  "  deep  sea  soundings,"  and  explained  the 
methods  and  the  results  obtained.  This  device,  as  designed  by  Col.  Brooks,  is  in 
principle  the  same  as  that  now  in  use,  though  some  improvements  have  been  made 
in  the  matter  of  facilities  for  handling  and  by  the  substitution  of  steel  wire  for 
a  hemp  cord. 

A  vote  was  passed  by  the  Association  thanking  the  Washington  and  Lee  Uni- 
versity for  the  use  of  their  buildings,  the  Town  Council  and  citizens  of  Lexington 
for  the  hospitable  reception  given  the  Association,  and  the  ladies  present  for  their 
attendance  upon  the  sessions  of  the  Association. 

Adjourned.  Jxo.  A.  Pilcher,  Secretary. 


}^ 


Lradley  i  Poates,  Engr'e,  X.T. 
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Teclinical  Society  of  tlie  Pacific  Coast. 


Kegular  Meeting,  August  2,  1895. — Called  to  order  by  President  Dickie. 

Minutes  of  the  last  regular  meeting  of  June  7,  1895,  approved.  Jno.  H. 
Hopps,  Lincoln  Nissley  and  Tom  W.  Ransom  were  upon  ballot  declared  elected 
members  of  the  Society. 

The  Committee  on  Resolutions  relating  to  the  removal  of  Prof.  Geo.  Davidson 
from  the  head  of  the  Pacific  Coast  Division  of  the  U.  S.  Coast  and  Geodetic  Survey 
reported  the  following  resolutions,  which  were,  on  motion,  unanimously  adopted, 
and  the  Secretary  was  instructed  to  send  copies  of  the  same  to  our  Representatives 
in  Congress  and  to  furnish  copies  to  the  newspapers : 

Resolved,  by  the  Technical  Society  of  the  Pacific  Coast :  That  the  Society  views 
with  much  concern  an  apparent  tendency  to  curtail  the  work  of  purely  Scientific 
Bureaus  of  the  Government,  or  to  transfer  it  to  Departments  where  political  and 
personal  influence  will  be  sure  to  impair  the  famous  records  of  such  Bureaus. 

Resolved,  That  this  Society,  seeing  additional  evidence  of  this  tendency  in  the 
removal  of  Prof.  Geo.  Davidson  from  the  head  of  the  Pacific  Coast  Division  of  the 
U.  S.  Coast  and  Geodetic  Survey,  expressed  regret  that  he  should  have  been  removed 
without  apparent  cause,  after  a  life  service  of  the  most  brilliant  character. 

He  has  by  years  of  efficient  and  distinguished  service  shown  unusual  devotion 
to  scientific  work,  and  his  labors  have  been  a  credit  not  only  to  the  Bureau  with 
which  he  has  been  connected  for  nearly  half  a  century,  but  they  entitle  him  to  the 
lasting  gratitude  of  this  Nation  and  particularly  of  the  residents  of  this  Coast,  with 
whose  interest  he  has  so  long  been  identified. 

This  Society  further  desires  to  express  the  hope  that  Prof.  Davidson,  in  the 
vigor  of  his  mature  years,  may  yet  find  abundant  opportunity  for  satisfactorily 
utilizing  his  professional  and  scientific  attainments. 

(Signed)        John  Richards,         -» 

Otto  von  Geldern,  >  Committee. 
C.  E.  Grunsky.  j 

Prof.  Chas.  D.  Marx  then  read  the  paper  of  the  evening  :  "Some  Experiments 
on  Water-ram  in  Pipes,"  which  led  to  a  discussion,  in  which  President  Dickie 
referred  to  the  very  interesting  experience  had  on  the  "  Comstock  Lode  "  in  con- 
nection with  the  ram  in  the  pipes  from  deej)  shafts. 

Adjourned,  Otto  von  Geldern,  Secretary. 

Per  C.  E.  Grunsky,  Acting  Secretary. 

(7) 


Bradley  i  Poate9,  Enip-'s,  N-Y. 


ASSOCIATIO 


N 


OP 


Engineering  Societies. 


VOL.XV.  SEPTEMBER,    1895.  No.  3. 


PROCEEDINGS. 


Civil  Enafineers'  Club  of  Cleveland. 


Case  Library  Building,  Cleveland,  Ohio,  September  10,  1895. — The 
meeting  of  the  Chib  was  called  to  order  at  about  8  o'clock,  by  President  Mordecai. 
Present,  31  members  and  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  reports  of  the  Executive  Board  for  their  last  four  meetings  were  read  and 
approved.  The  applications  for  active  membership  from  Geo.  S.  Rider  and  F.  A. 
Smythe  were  read. 

The  report  of  the  Picnic  Committee,  Jos.  Leon  Gobielle,  Chairman,  was  read, 
adopted  and  ordered  placed  on  file. 

Mr.  Ambrose  Swasey  reported  in  regard  to  the  excursion  to  Lorain.  There 
were  fifty-five  engineers  and  visitors  in  attendance  on  that  occasion. 

The  paper  of  the  evening,  entitled  "  Educational  Architecture,"  was  then  read 
by  Mr.  Barnum. 

Mr.  Barnum  spoke  eloquently  of  the  educative  influence  of  architecture,  the 
greatest  of  the  fine  arts  ;  of  the  present  status ;  the  outlook,  etc. 

He  was  followed  in  discussion  by  Dr.  Cady  Staley,  Architect  John  Eisenmann, 
and  others. 

Some  views  of  the  new  Boston  public  library  were  exhibited  at  the  request  of 
President  Mordecai,  and  that  building  was  oflfered  as  an  example  of  some  good 
things  that  are  now  being  done. 

After  the  meeting,  the  Club  adjourned  to  one  of  the  vacant  stores  on  tlie  ground 
floor,  and  indulged  in  a  light  luncheon.  F.  A.  Coburn,  Secretary. 


The  Tecliiiical  Society  of  tlie  Pacifle  Coast. 


Regular  Meeting,  September  6, 1895. — Called  to  order  at  8.30  p.m.,  by  Presi- 
dent Dickie.    The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  applications  were  read  and  referred  to  the  Executive  Committee, 
for  members  : 

\V.  F.  Englebright,  Civil  Engineer,  of  Nevada  City,  proposed  by  Hubert  Vis- 
cher,  Geo.  F.  Schild  and  Otto  von  Geldern. 
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Dana  Harmon,  Mining  Engineer,  of  Nevada  City,  proposed  by  John  VV.  Gray, 
Hubert  Vischer  and  L.  J.  LeConte. 

W.  W.  Waggoner,  Mining  Engineer,  of  Nevada  City,  proposed  by  C.  E. 
Grunsky,  Hubert  Vischer  and  Adolph  Lietz. 

Mr.  Edwani  S.  Cobb  then  read  the  paper  of  the  evening,  ex|)laii)ing  in  detail 
the  design  of  a  large  wrought-iron  wheel.     A  discussion  of  the  subject  ensued. 

The  President  then  referred  to  tlie  present  condition  of  the  Technical  Society, 
and  suggested  the  advisability  of  holding  meetings  of  a  social  character,  in  order 
to  bring  together  all  the  elements  of  the  Society.  Such  meetings  should  be  held  at 
regular  intervals,  and  miglit  take  the  form  of  a  dinner.  After  discussing  the  sub- 
ject, it  was  moved  that  the  Board  of  Directors  make  the  necessary  arrangements  for 
a  social  gathering — or  dinner — at  the  time  of  the  next  regular  meeting  in  October, 
and  that  the  Secretary  be  instructed  to  send  the  necessary  circulars  of  information 
to  the  members,  after  the  action  of  the  Directors. 

Adjourned.  Otto  vox  Geldern,  Secretary. 


Ensrineers'  Clnb  of  St.  Ijoiiis. 


421sT  Meeting,  September  18,  1895. — President  Russell  called  the  Club  to 
order  at  8.30  p.m.,  at  1600  Lucas  Place,  fifteen  members  and  two  visitors  present. 

Mr.  A.  L.  Johnson  opened  the  discussion  on  "The  Inspection  of  Structural 
Steel,"  the  subject  being  of  special  interest  just  now  on  account  of  the  widespread 
attention  whicii  has  recently  been  given  it  in  the  columns  of  the  Engineering  New>'. 
Mr.  Johnson  stated  the  ordinarily  accepted  definitions  of  the  terms  "  elastic 
limit,''  "yield  point,"  and  "break-down  point."  He  showed  the  extreme  difficulty 
of  determining  these  characteristics,  particularly  with  very  high  grade  steel,  such 
as  is  used  in  drawn  wire.  He  doubted  seriously  whether  any  existing  method  gave 
us  an  exact  determination  of  these  points.  He  doubted  furthermore,  whether  it  was 
necessary  to  know  them,  as  the  ultimate  strength  and  elongation  told  us  all  that 
wsis  really  essential  for  us  to  know  about  any  material.  In  his  opinion,  advanced 
practice  would  warrant  the  omission  of  the  elastic  limit  in  all  specifications. 

Mr.  Robt.  Moore  agreed  fully  with  Mr.  Johnson.  The  elastic  limit  being 
uncertain  and  difTicult  of  determination,  he  had  for  some  years  omitted  it  entirely 
from  his  specifications. 

Prof.  J.  B.  Johnson  called  attention  to  the  fact  that  for  all  commercial  purposes 
the  three  points,  elastic  limit,  yield  point,  or  break-down  point,  were  one  and  the 
same,  and  need  only  be  considered  separately  in  an  abstract  scientific  study  of  the 
subject.  He  showed  charts  from  tests  recently  made  by  Prof.  Grey  at  Terre  Haute, 
made  on  what  is  jierhaps  the  best  a}>paratus  in  existence  for  the  purpose.  These 
showed  a  practically  straight  line  from  the  origin  to  the  yield  point. 

Mr.  Bryan  thought  that  we  should  not  lose  sight  of  the  elastic  limit,  for  the 
reason  that  it  and  not  the  ultimate  strength  indicated  what  could  be  done  with  a 
material.  It  was  important  to  know  when  the  structure  would  begin  to  distort  seri- 
ously, rather  than  wiien  it  would  fail  altogether.  He  thought  it  would  be  better  to 
use  reduced  factors  of  safety,  based  upon  the  yield  point  rather  than  the  ultimate 
strength.  In  reply,  Mr.  Moore  stated  that  the  ultimate  strength  and  elongation 
were  properties  whicli  could  be  readily  and  accurately  determined,  and  that  in  all 
standard  materials  the  elastic  limit  bore  a  certain  relation  to  the  ultimate  strength, 
which  relation  did  not  vary  materially. 
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President  Russell  called  attention  to  thedifticulty  which  the  designing  engineer 
met  Avith  in  using  the  accepted  formul;c\/hen  so  much  uncertainty  existed  as  to  the 
elastic  limit. 

William  II.  Bryan,  Secretary. 


Boston  Society  of  Civil  Engineers. 


September  18,  1895. — A  regular  meeting  was  held  at  the  Society  rooms,  36 
Bromfield  Street,  Boston,  at  7.50  o'clock,  p.m.,  President  Albert  F.  Noyes  in  the 
chair.     Sixty-seven  members  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  John  F.  Lyman  was  elected  a  member  of  the  Society. 

The  report  of  the  Committee  on  Weights  and  Measures  submitted  at  the  last 
meeting  and  referred  to  this  meeting  for  action,  was  recommitted  to  tlie  Committee 
for  a  full  report. 

The  Secretary  presented  an  engrossed  copy  of  the  resolution  of  thanks  to  tliis 
Society  passed  by  the  American  Society  of  Civil  Engineers  at  its  annual  convention 
in  June  last. 

A  communication  was  also  read  from  Mr.  O.  Chanute,  transmitting  a  pho- 
tographic reproduction  of  a  vote  of  thanks  passed  by  the  German  Society  of 
Engineers  to  the  associated  societies  which  maintained  the  engineering  headquarters 
at  Chicago  during  the  World's  Fair. 

Mr.  Howe  gave  notice  in  writing  of  a  proposed  amendment  to  By-law  1,  chang- 
ing the  night  of  meeting  from  Wednesday  to  Friday. 

The  President  announced  the  deaths  of  Willis  H.  Hall  which  occurred  August 
26,  1895,  and  Marshall  ]\I.  Tidd,  which  occurred  August  20,  1895,  and  by  vote  of 
the  Society  he  was  requested  to  appoint  committees  to  prepare  memoirs. 

Mr.  Percy  N.  Kenway  read  the  paper  of  the  evening  entitled  "A  Study  of  the 
Heating  and  Ventilating  Plants  in  the  Suffolk  County  Court  House  and  in  the 
Massachusetts  State  House."  The  reading  of  the  paper  was  followed  by  a  discus- 
sion in  which  Prof.  S.  H.  Woodbridge,  who  designed  the  State  House  plant,  Mr. 
Frederic  Tudor  and  others  took  part. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Adelbert  li.  Spragiie. — A  Memoir. 


By  Fkank  a.  Foster  and  Frank  O.  Whitney,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


[Read  June  12,  1895.] 

Adelbert  Leroy  Sprague,  son  of  William  F.  and  Abbie  J.  Sprague,  was  born  irr 
Foxboro,  Mass.,  October  23,  1872. 

His  parents  removed  to  Boston  in  1883,  from  which  time  he  attended  the 
Bigelow  Grammar  and  English  High  Schools  until  his  graduation  from  the  latter 
in  1888. 

He  entered  the  City  Surveyor's  office,  Boston,  immediately  after  leaving  school 
at  the  age  of  fifteen,  being  the  youngest  person  ever  employed  in  that  department. 
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For  five  years  he  served  the  city  with  characteristic  fidelity,  rising  from  the 
position  of  rodman  to  that  of  an  assistant   "jrveyor. 

In  March,  1893,  he  gave  up  his  position  in  the  city  service  to  take  a  more 
responsible  one  with  the  Brookline  Gas  Light  Co.,  where  he  was  engaged  in  work 
connected  with  the  extension  of  their  business  into  the  city  of  Boston. 

In  June,  1894,  he  left  the  company's  service  and  entered  the  office  of  Mr. 
Frank  A.  Foster;  his  work  in  that  oiiice  was  on  the  preliminary  survey  of  the 
Middlesex  Fells  and  Lynn  "Wood  s  Park  Way,  and  later  on  the  Blue  Hills  Park 
Way. 

He  was  joined  in  marriage  to  Miss  Mabel  Lord,  only  three  months  before  his 
death,  which  occurred  April  12,  1895. 

Although  cut  ofi"  at  an  early  age  he  had  gained  for  himself  a  reputation  for 
carefulness  and  competency  attained  by  few  of  maturer  years. 

His  modest  bearing,  genial  disposition  and  devotion  to  his  profession  endeared 
him  to  his  friends  and  impressed  all  who  knew  him. 


Association 

(IF 

Engineering  Societies. 

Vol.  XV.  OCTOBER,    1895.  No.  4. 


PROCEEDINGS. 


Western  Society  of  Ena:ineers. 


The  Annual  Pleasure  Outing  of  the  Society  was  an  excursion  to  Milwaukee  by 
the  steamer  "  Indiana,"  Monday  evening,  August  6, 1895,  arriving  Tuesday  morning. 
The  attendance  was  not  large,  but  the  trip  was  a  very  enjoyable  one.  During  the 
forenoon  the  party  visited  the  new  Sixteenth  Street  viaduct  and  Bascule  Bridge, 
the  shops  of  the  Edward  P.  Allis  Co.,  and  the  Chicago  &  Northwestern  Railway 
drawbridge,  operated  by  a  gas  engine.  In  the  afternoon,  carriages  were  taken  for 
a  drive  about  the  city  under  escort  of  Mr.  M.  G.  Schinke,  Assistant  City  Engineer, 
visiting  the  new  City  Pumping  Works,  and  Pabst's  Brewery.  Return  to  Chicago 
was  by  steamer  "  Virginia,"  on  Tuesday  evening. 

A  Special  Meeting  (332d)  of  the  Society  was  held  in  the  Society's  rooms,  Wed- 
nesday evening,  August  7,  1895,  for  consideration  of  the  action  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies  on  the  recommendations 
made  to  them  by  the  Western  Society  of  Engineers  with  reference  to  the  conduct  of 
the  Journal,  and  also  for  the  determination  of  the  course  the  Western  Society  is  to 
pursue  with  reference  to  the  Journal.  President  Horton  in  the  chair,  and  sixteen 
members  present. 

The  objects  for  which  the  meeting  was  called  were  fully  discussed  by  various 
members. 

On  motion  of  Mr.  Robt.  W.  Hunt,  it  was  voted  "  Tiuit  the  Board  of  Managers 
of  the  Associated  Societies  be  requested  to  render  t'ae  societies  in  the  Association  a 
financial  statement  for  tiie  first  (juarter  of  the  present  year,  and  for  each  quarter 
thereafter,  showing  the  cost  of  the  Journal,  the  number  of  members  in  each  Society 
on  the  Journal  mailing  list,  the  amount  of  money  paid  by  each  Society,  and  the 
amount  any  Society  is  delinquent." 

The  following  resolution  was  presented  by  Mr.  J.  J.  Reynolds,  and  was  duly 
seconded  : 

Resolved,  That  the  Western  Society  of  Engineers  withdraw  from  the  Association 
of  Engineering  Societies,  and  that  tiie  Secretary  of  this  Society  notify  the  Associa- 
tion of  such  action. 

A  letter  ballot  on  the  above  resolution  was  demanded  by  live  members  :  Messrs. 
J.  J.  Reynolds,  Alex.  E.  Kastl,  Ebin  J.  Ward,  Erank  P.  Kellogg  and  B.  E.  Grant 
— under  the  provisions  of  Section  2,  Article  V  of  the  Constitution,  and  the  Presi- 
13  (13) 
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dent  announced  that   therefore  a  letter  ballot  would  be  taken  on  the  resolution. 

Ailjourued. 

Charles  J.  Roney,  Secretary. 

The  invitation  of  the  Chicago  Ship  Building  Company,  through  its  manager, 
Mr.  W.  I.  Babcock,  member  of  the  Society,  for  the  Western  Society  of  Engineers 
to  be  present  at  the  launching  of  the  steel  steamer  "Zenith  City,"  on  Wednesday 
afternoon,  August  14,  1895,  was  accepted  by  about  75  members  and  their  friends. 

For  this  enjoyable  occasion  and  courtesies  tendered,  thanks  are  also  due  to  the 
Shailer  &  Schniglau  Co.,  the  Fitz  Simons-Connel  Co.,  Messrs.  O.  B.  Green  and  J. 
J.  Reynolds,  and  to  our  efiScient  Excursion  and  Entertainment  Committee,  through 
whose  joint  efforts  this  junket  was  made  without  drawing  on  the  Society's  funds. 

It  is  regretted  that  the  time  of  notification  to  the  Committee  precluded  sending 
invitations  by  mail  to  non-resident  members. 


The  333d  Meeting  of  the  Society  was  held  in  the  Society's  rooms,  Wednesday 
evening,  September  4,  1895.  President  Horton  in  the  chair,  and  thirty-five  mem- 
bers pi'esent. 

The  minutes  of  the  meeting  of  June  5th  (331st),  and  of  the  Special  Meeting  of 
August  7th  (332d),  were  read  and  ajtproved. 

The  Secretary  reported  for  the  Board  of  Directors  : 

Applications  for  membersliip  have  been  received  and  filed  as  follows : 

As  Members,  James  C  Long,  U.  S.  Asst.  Engineer,  Tiskilwa,  III.,  and  John 
Cornelius  Bley,  Mechanical  Engineer,  Chicago. 

At  the  meeting  of  the  Board  of  Directors  held  July  2,  1895,  the  Treasurer 
reported  a  balance  on  hand,  July  1,  1895,  of  $2,072.47. 

Bills  to  the  amount  of  $1,062.44  were  approved  and  ordered  paid.  The  above 
amount  includes  bills  from  the  Association  of  Engineering  Societies  for  the  Final 
Assessment  for  1894,  and  for  the  first  and  second  cpiarterly  assessments  for  1895, 
amounting  to  $840.30. 

Mr.  Thos.  T.  Johnston  was  elected  as  Representative  of  the  Society  on  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies  rice  Mr.  Thos.  Ap- 
pletou,  resigned. 

At  the  meeting  held  August  6,  1895,  the  Treasurer  reported  a  balance  on  hand 
August  1,1895,  of  $1,403.35. 

Bills  to  tlie  amount  of  $134.28  were  approved  and  ordered  paid. 

Tiie  President  announced  the  resignation  of  Mr.  L.  E.  Cooley  as  a  member,  on 
the  part  of  the  Western  Society  of  Engineers,  in  the  Chicago  Municipal  Improve- 
ment League,  and  the  appointment  of  Mr.  Thos.  T.  Johnston  to  serve  the  remain- 
der of  the  unexpired  term. 

Tiie  matter  of  letter  ballot  on  the  cpiestion  of  withdrawal  from  the  Associa- 
tion of  Engineering  Societies  was  then  discussed.  The  unanimous  sense  of  the 
meeting  was  that  the  votes  should  be  returnable  on  September  24th,  and  the 
result  announced  at  an  adjourned  meeting  at  Armour  Institute,  on  the  evening  of 
that  day. 

The  Secretary  announced  the  death  of  Mr.  Wm.  A.  Hanunett,  a  member  of 
the  Society,  and  reipiested  information  from  members  regarding  Mr.  Hammett's 
life  and  professional  career. 

Tiie  Secretary  also  read  a  letter  from  Mr.  O.  Chanute,  accompanied  by  a 
translation  of  a  letter  from   the  Society  of  German   Engineers,  and  a  photograph 
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of  an  artistic  memorial,  expressing  tlie  tlianks  of  tlie  Society  of  German  Engineers 
for  the  reception  given  its  members  hy  the  Associated  Engineering  Societies  at  their 
headquarters  in  Ciiicago,  during  tlie  summer  of  1893,  and  the  matter  was,  by  vote, 
referred  to  the  Board  of  Directors  for  suitable  action. 

Tlie  Secretary  then  read  an  invitation  to  the  Society  to  ai)point  delegates  to 
attend  the  First  Annual  Convention  of  the  International  Deep  Waterways  Associa- 
tion, to  be  lield  at  Cleveland,  Ohio,  September  24,  25,  2G,  1895,  and  the  matter  was 
referred  to  the  Board  of  Directors  with  power  to  act.  On  motion,  the  meeting 
adjourned  to  meet  at  the  Armour  Institute  of  Technology,  on  Tuesday  evening, 
September  24,  1895,  at  8  p.m. 

The  adjourned  (333d)  meeting  of  the  Society  was  held  in  Science  Hall,  Armour 
Institute  of  Technology,  Tuesday  evening,  September  24,  1895.  President  Horton 
in  the  chair,  and  fifty-five   members  and  guests  present.     The  Secretary  read   the 

following  report : 

September  24,  1895. 
The   Western  Society  of  Engineers  : 

We,  the  undersigned  Judges  of  Election,  appointed  by  the  Board  of  Directors, 
having  duly  canvassed  tlie  vote  cast  (m  a  special  election,  closing  at  3  P.M.,  Septem- 
ber 24,  1895,  on  the  following  resolution  : 

"  Ee.'^< lived,  That  the  Western  Society  of  Engineers  withdraw  from  the  Associa- 
tion of  P^ngineering  Societies,  and  that  the  Secretary  of  this  Society  notify  the 
Association  of  such  action,"  re[)ort  as  follows: 

Total  number  of  votes  received 269 

Rejected  for  informality 3 

Total  votes  counted 266 

of  which  87  votes  were  No,  and  179  votes  were  Yes. 

Respectfully  submitted, 

Wm.  B.  Ewing, 
John  W.  Alvord, 

Judges  of  Election. 

The  President  announced — The  vote  is  in  the  affirmative,  the  ayes  being  in 
tlie  majority,  tlie  resolution  is  carried,  and  the  Secretary  will  give  proper  notifi- 
cation. 

Mr.  Ambrose  V.  Powell  then  read  his  paper,  "Some  Notes  on  the  Dry  Docks 

of  the  Great  Lakes,"  illustrated  by   many  fine  lantern  views,  which  were   fully 

described  as  presented,  and,  after   further  interesting  remarks  by  Mr.  Powell,  the 

meeting  adjourned. 

Charles  J.  Roney,  Secrdanj. 


Enerineers'  Club  of  St.  Louis. 


422d  Meeting,  October  2,  1895. — The  President  announced  the  death  of 
Alex  E.  Abend,  and  stated  that  Mr.  Edward  Flad  had  consented  to  prepare  a  me- 
morial for  presentation  at  an  early  meeting. 

On  behalf  of  the  committee,  Mr.  Robert  Moore  then  jjresented  to  the  Club  the 
oil  portrait  of  Colonel  Henry  Flad.     His  remarks  were  as  follows: 

Mr.  President  and  GentUmen: 

Early  in  the  present  year  several  members  of  the  Engineers'  Club  of  St.  Louis 
formed  themselves  into  a  committee  to  secure  an  oil  portrait  of  Col.  Henry  Flad 
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for  presentation  to  the  Club.  In  tlie  belief  tliat  many  oilier  members  would  esteem 
it  a  privilege  to  join  in  this  undertakiiio,  a  circular  letter  was  sent  to  eveiy  mem- 
ber, otl'ering  him  the  opportunity  to  contribute  thereto.  The  response  to  this  cir- 
cular justified  our  expectations,  and  the  recjuisite  amount  of  money  was  easily 
secured.  The  committee  thereupon  engaged  as  artist,  Mr.  Clias.  F.  von  Saltsza,  of 
the  St.  Louis  School  of  Fine  Arts,  wiio  had  executed  some  most  admirable  works  of 
this  character,  and,  what  was  no  less  important,  secured  also  tiie  co-operation  of 
Col.  Flad  to  assist  the  artist  with  sittings.  The  result  is  a  portrait  which  a  num- 
ber of  the  intimate  friends  of  the  Colonel  pronounce  an  excellent  likeness,  and 
which  we  think  will  commend  itself  as  such  to  the  Club  at  large. 

To  those  who  have  had  the  privilege  of  a  personal  acquaintance  with  Colonel 
Flad,  and  the  op[)()rtunity  of  knowing  at  lirst-hand  his  high  ]iersonal  and  profes- 
sional qualities,  nothing  need  be  said  in  justitication  of  any  steps  to  perpetuate  his 
memory.  To  those  who  have  not  been  thus  fortunate,  it  will  be  enough  barely  to 
recall  his  honorable  record  as  captain  and  then  as  colonel  of  a  Missouri  regiment  of 
engineers  during  the -late  war;  his  service  after  the  war  as  assistant  to  Mr.  Kirk- 
wood  in  designing  the  St.  Louis  water  works,  and  then  as  a  member  of  the  Board 
of  Water  Commissioners,  under  wiiose  direction  these  plans  were  carried  out;  his 
brilliant  engineering  work  as  a  colleague  with  Captain  Eads  in  the  construction  of 
the  St.  Louis  bridge;  his  presidency  of  the  American  Society  of  Civil  Engineers, 
and  his  twelve  years'  term  as  jiresident  of  the  Engineers'  Club  of  St.  Louis,  of  which 
he  was  a  charter  member;  his  fifteen  years  of  service  as  president  of  the  Board  of 
Public  Improvements  of  St.  Louis,  during  which  time  the  public  works  of  the  city 
were  conducted  with  a  fidelity  and  skill  unsurpassed  in  any  city  of  the  world;  and 
last,  his  present  work  as  one  of  the  most  active  members  of  the  INIississippi  River 
Commission.  As  soldier,  as  citizen,  and  as  engineer,  his  career  has  always  been 
marked  by  distinguished  ability,  unswerving  integrity,  and  absolute  devotion  to  the 
public  good.  No  citizen  is  more  worthy  of  perpetual  remembrance  in  St.  Louis 
tlian  is  Col.  Henry  Flad. 

It  is  with  no  ordinary  pleasure,  therefore,  that,  on  behalf  of  the  committee 
and  all  those  who  have  shared  in  this  enterprise,  I  now  jiresent  liis  ])ortrait  to  the 
Engineers'  Club  of  St.  Louis,  trusting  that  it  may  be  long  preserved  as  a  reminder 
of  his  great  public  services,  and  as  a  continual  source  of  pride  and  inspiration  to 
the  members  of  the  Club. 

^Ir.  Richard  McCulloch  then  read  a  paper  on  "  The  Continuous  Rail  in  Street 
Railway  Service."  He  described  briefly  the  work  done  in  St.  Louis  and  elsewhere, 
and  the  processes  employed.  The  paper  was  illustrated  by  drawings,  photographs, 
rail  sections,  and  samples  of  joints.  Two  systems  had  been  enijiloyed  in  St.  Louis, 
electric  welding  and  cast  welding.  The  latter,  requiring  a  less  expensive  plant, 
being  simpler  and  easier  to  operate,  and  the  work  appearing  to  stand  service  better, 
had  been  given  the  preference.  In  spite  of  the  extreme  temperatures  but  a  very 
small  percentage  of  the  joints  had  broken,  and  these  were  clearly  due  to  defective 
welds.  The  cost  was  not  greatly  in  excess  of  the  old  fish-plate  method.  It  was 
thought  that  the  rail  being  surrounded  by  earth  or  paving  on  all  sides  except  the 
top,  it  was  protected  from  the  extreme  variations  of  temperature  and  being  held 
rigidly  in  position,  these  two  features  tended  to  counteract  the  expansion  and  con- 
traction which  woidd  ordinarily  be  expected. 

William  H.  Bryan,  Secretary. 


423d  Meetixg,  Octobkr  16, 1895.— President  Russell  called  the  Club  to  order 
at  IGOO  Lucas  Place  at  8.30  p.m.     Twenty-two  members  and  six  visitors  present. 

Mr.  Edward  Flad  read  the  following  memorial  : 

"Alexander  E.  Abend  was  born  at  Belleville,  111.,  in  1859.  He  received  his 
education  at  Washington  University,  in  this  city,  graduating  from  that  institution 
in  1881  with  the  degree  of  C.E. 

"For  the  first  few  years  after  leaving  the  university  he  devoted  himself  almost 
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entirely  to  railroad  work,  being  employed  as  assistant  engineer  and  division  engi- 
neer on  the  Northern  Pacific  Railroad  and  the  Oregon  and  California  Railroad. 
Returning  to  Belleville  in  1885,  he  was  appointed  to  the  position  of  constructing 
engineer  and  superintendent  of  the  City  Water  Works  of  Belleville. 

"Later  he  opened  an  office  as  .Surveyor  in  East  St.  Louis,  and  in  1893  was 
appointed  to  the  position  of  city  engineer  for  that  city. 

"An  era  of  imi)rovenient  iiad  begun  in  East  St.  Louis  ;  large  amounts  of  money 
were  expended  in  grading  and  i);tviug  streets,  constructing  sewers  and  other  public 
works.  As  city  engineer  such  improvements  were  conducted  under  his  supervision. 
The  ability  which  be  displayed  in  designing  and  carrying  out  this  work  is  per- 
haps best  attested  by  the  fact  that  upon  the  election  of  the  present  mayor,  some 
months  ago,  Alex.  Abend  was  reappointed  to  the  position  of  city  engineer,  althoiigh 
his  sympathies  were  known  to  have  been  with  the  defeated  candidate. 

"Those  of  us  who  were  his  classmates  at  the  university — and  this  Club  num- 
bers six  such  among  its  members  — will  remember  Alex.  Abend  as  a  conscientious 
student,  fair-mindeil,  honest,  possessed  of  good  sound  judgment,  and  a  companion- 
able disposition.  He  had  those  qualities  which  would  lead  one  to  predict  a  useful 
life,  endeared  with  ties  of  love  and  friendshi|).  And  such  was  his  life  until  an 
over- wrought  nature  succumbed  to  mental  worry,  and  unable  to  longer  bear  up 
against  the  cares  which  beset  him,  he,  with  his  own  hands,  put  an  end  to  the  strug- 
gle on  the  afternoon  of  September  18,  1895. 

"  To  his  widow  and  family  our  deepest  sympathy  is  extended." 

Ordered  that  this  memorial  be  spread  upon  the  records  of  the  Club. 

President  Russell  then  gave  the  Club  the  results  of  some  tests  on  bronze  for 
tension  and  compression,  made  by  the  Washington  University  testing  laboratory 
for  tiie  water  works  extension.  Tables  of  the  results,  with  charts  and  diagrams, 
were  shown.  Messrs.  Flad,  Baier,  A.  L.  and  J.  B.  Johnson,  Holman  and  Moore 
took  part  in  the  discussion.  It  was  shown  that  the  compressive  strength  of  metals 
which  flow  could  not  be  determined. 

Mr.  William  H.  Bryan  then  read  a  paper  on  "  Pamphlet  Filing,"  explaining 
the  difficulties  he  had  met  with  in  filing  and  indexing  the  many  kinds  of  pam- 
phlets which  an  engineer  receives,  and  giving  his  solution  of  the  problem,  showing 
how  all  the  data  on  any  one  of  more  than  a  hundred  different  subjects  could  be 
immediately  located. 

Discussion  followed  by  Messrs.  Holman  and  Flad. 

Mr.  M.  L.  Holman  then  explained  the  break  which  occurred  on  Saturday, 
12tli  inst.,  in  the  dividing  wall  between  two  reservoirs  at  the  Chain  of  Rocks. 
The  water  had  broken  down  through  the  concrete  bottom  of  a  full  reservoir,  and 
up  into  the  adjoining  empty  reservoir.  The  concrete  foundation  had  been  entirely 
washed  away,  but  the  wall  itself  was  intact,  leaving  a  span  of  nearly  60,  and  a 
depth  of  15  feet.  It  was  proposed  to  repair  it  by  concrete  foundation  under  the 
wall,  and  puddling  work  under  the  concrete  bottom. 

Attention  was  called  to  tlie  necessity  of  making  provision  for  expansion  and 
contraction  of  long  masonry  walls  when  built  as  monoliths.  It  was  found  in 
practice  that  walls  which  were  perfectly  tight  in  siunmer  developed  cracks  of  con- 
siderable area  in  winter.  These  were  stopped  by  packing  them  with  oakum  dipped 
in  cement,  which  rerpiired  renewal  every  winter. 

Messrs.  Flad,  Crosby,  Johnson,  Russell  and  Bryan  participated  in  the  discus- 
sion. 
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Civil  Engineers'  Society  of  St.  Paul. 


October  7,  1895. — A  regular  meeting  of  the  Civil  Engineers'  Society  was 
lield  at  the  Society  room  at  8.15  p.m.  Vice-President  Hilgard  i)resided.  Fourteen 
members  and  eleven  visitors  were  present. 

Minutes  of  previous  meeting  were  read.  An  invitation  from  M.  Jules  Lermina, 
Secretary,  to  join  the  International  Literary  and  Artistic  Association,  was  referred 
to  Mr.  Estabrook  and  Mr.  Miinster. 

The  Committee  Eeport  of  the  Board  of  Regents  of  the  University  of  Minne- 
sota on  the  State  Survey,  was  placed  on  file. 

A  communication  from  Mr.  Thomas  Egleston,  touching  a  standard  metric  wire 
gauge,  was  referred  to  Messrs.  Crosby,  Lyon,  Hogeland,  Toltz  and  Merryman. 

A  memorial  circular  from  Secretary  F.  R.  Hutton,  of  the  Am.  Soc.  M.  E.,  on 
the  death  of  President  Davis,  was  referred  to  Mr.  Lyon  and  Mr.  Crosby. 

A  letter  of  instruction  as  to  the  prejtaration  of  matter  for  the  Journal  of  the 
Association  was  placed  on  file. 

A  letter  from  Chairman  J.  B.  Johnson,  asking  proposals  for  Journal  ex- 
changes, was  referred  to  Mr.  Miinster  and  Mr.  Woodman. 

The  Secretary  was  instructed  to  reply  to  the  invitation  of  the  Western  Society 
of  Engineers  to  attend  the  excursion  of  October  12th  to  the  Drainage  Canal. 

Mr.  Hew  Miller  was  elected  to  membership. 

Mr.  A.  O.  Powell  read  an  interesting  and  fully  illustrated  paper  on  Sluice  Gates 
and  Movable  Dams  of  the  Bear-Tnip  Type.  The  bear-trap  gate  is  an  American 
device  of  eighty  years  ago,  but  lately  modified  and  improved.  The  French  con- 
denmed  it  after  an  experimental  trial  of  a  gate  wrongly  proportioned,  apparently 
considering  it  unworthy  of  scientific  study.  Mr.  Powell  has  investigated  the  bear- 
trap  gate  mathematically,  and  will  prepare  his  pajier  for  publication  in  tlie  Journal 
of  the  Association. 

Mr.  R.  A.  Lang,  of  Eau  Claire,  Wis.,  a  builder  and  inventor  of  bear-trap  gates 
of  eighteen  years'  experience,  briefly  touched  on  a  few  points  of  interest,  after 
which  the  meeting  adjourned  to  Neuman's,  at  11  o'clock,  to  spend  a  pleasant  social 
hour. 

C.  L.  Annan,  Secretary. 


Civil  Enftineei's""  Club  of  Cleveland. 


MEE'riNG  or  THE  Civil  Engineers'  Club  of  Cleveland,  October  8, 
1895. — Present,  thirty-two  members  and  friends.     Minutes  read  and  approved. 

Messrs.  C.  M.  Barber  and  C.  F.  Lewis  were  appointed  tellers  to  canvass  ballots 
for  the  election  of  Mr.  George  S.  Rider  and  Frank  A.  Smythe. 

Communications  from  the  Board  of  Managers  of  the  Associated  Societies  were 
read.  Tliey  referred  to  the  withdrawal  of  the  Western  Society  from  the  Associa- 
tion, and  to  tiie  new  rules  proposed  for  governing  the  management  of  the  Journal, 
agreeable  to  the  late  voting  of  the  members  of  the  Societies. 

The  report  of  the  Executive  Committee  was  read,  telling  of  the  proposition  of 
the  Library  Board  to  turn  over  our  library  to  the  care  of  The  Case  Library.  After 
some  discussion,  the  Club  voted  to  do  so.  The  Secretary  was  directed  to  send  cards 
to  the  members,  telling  of  the  invitation  from  the  Western  Society  to  visit  the 
Drainage  Canal,  and  to  extend  our  thanks  to   the  Society  for  their  kind  invitation. 
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Messrs.  George  S.  Rider  and  Frank  A.  Sniythe  were  declared  elected  to  active 
membership. 

Prof.  J.  W.  Langley,  of  the  Case  School  of  Applied  Science,  then  gave  a  talk 
npon  the  Electrical  Purification  of  Sewage.  He  told  of  the  practical  success  of  the 
system,  where  now  in  use,  and  gave  figures  from  his  own  experiments,  showing  its 
economy. 

He  was  followed  by  Prof.  Benjamin,  of  Case  School,  with  a  brief  and  interest- 
ing paper  upon  "  The  Development  of  Mechanical  Science  in  the  World's  Histcjiy." 

The  Club  then  adjourned  to  the  Hamilton  Restaurant  and  participated  in  a 
light  lunch. 

F.  A.  CoBURN,  Secretary. 


Boston  Society  of  CIa  il  Eugineers. 

October  16, 1895. — A  regular  meeting  was  held  at  the  Society  rooms,  30  Brom- 
field  Street,  Boston,  at  7.50  p.m.  President  Noyes  in  tlie  chair.  Eighty-three 
members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Frank  S.  Badger,  Harry  C.  Bradley,  John  R.  Burke,  Alfred  D.  Flynn 
and  William  E.  McKay  were  elected  members  of  the  Society. 

The  Committee  on  Weights  and  Measures  submitted  a  report  recommending 
the  adoption  of  the  following  resolution : 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecate  the 
use  of  any  of  tlie  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urge  the  use  of  millimeters  and  decimal  fractions  thereof  for  all  such  meas- 
urements. 

The  report  was  received  and  action  on  the  resolution  deferred  until  the  next 
meeting. 

The  amendment  to  By-law  1,  proposed  at  the  last  meeting,  clianging  the  night 
of  the  regular  meetings  from  Wednesday  to  Friday,  was  not  adopted. 

The  President  reported  that  an  agreement  had  been  reached  with  the  Trustees 
of  the  new  Tremont  Temjde  for  the  leasing  of  rooms  for  the  Society's  use,  and  that 
arrangements  had  been  made  with  the  New  England  Water  Works  Association  and 
the  Hersey  Manufacturing  Company  for  the  joint  use  of  these  rooms.  On  motion, 
the  President  and  Treasurer  were  authorized  to  execute  a  lease  for  these  rooms,  in 
accordance  with  the  terms  reported  by  the  President. 

Mr.  J.  A.  Tilden,  for  the  committee  appointed  to  prepare  a  memoir  of  John 
H.  Webster,  submitted  its  report,  which  was  read  and  accepted. 

Tlie  thanks  of  the  Society  were  voted  to  Lt.-Col.  S.  M.  Mansfield,  Corps  of 
Engineers,  U.  S.  A.,  for  courtesies  shown  its  members  on  the  occasion  of  the  visit  to 
the  Government  Battery  at  Winthrop. 

Mr.  Allen  Hazen  then  read  the  paper  of  the  evening,  entitled  "The  Present 
European  Practice  in  Regard  to  Sewage  Disposal."  Tlie  paper  was  discussed  by 
Messrs.  Fitzgerald,  Porter  and  others.     Adjourned. 

S.   E.  TiNKHAM,  Sccrdury. 
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By  .jAsrES  A.  Tilden  and  John  R.  Freeman,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


[Read  October  16,  1895.] 

It  is  with  deep  regret  that  we  have  to  record  the  death  of  Mr.  John  H. 
Webster,  a  member  of  the  Boston  Society  of  Civil  Engineers  and  also  of  the 
American  Society  of  Mechanical  Engineers.  He  passed  away  April  2,  1895,  in  the 
House  of  tiie  American  Society  in  New  York,  where  he  made  his  home  when  in 
that  city.  He  was  very  nearly  forty-five  years  of  age,  in  the  prime  ot  life  and  at 
tlie  period  of  his  greatest  value  to  the  profession.  The  end  found  him  at  what  lie 
felt  to  be  his  post  cf  duty,  regardless  of  his  physical  condition ;  he  was,  as  after- 
wards appeared,  dangerously  ill  when  he  left  his  home  in  Boston  for  New  York, 
two  days  before.  His  engineering  work  was  almost  his  only  recreation,  and  upon 
this  he  was  halitnally  engaged  from  early  in  the  morning  until  far  into  the  night, 
so  that  when  pneumonia  overtook  him  it  found  him  completely  worn  out  and  an 
e  isy  victim. 

As  an  engineer  he  was  unusually  able  and  energetic;  as  a  gentleman  he  was 
entirely  honorable  and  unassuming;  and  as  a  friend  he  was  absolutely  steadfast  and 
true.  He  was  most  essentially  a  self-made  man,  as  a  reading  of  his  application 
papers  for  membership  to  the  engineering  societies  will  show.  His  rare  mechanical 
and  inventive  talent  was  first  discovered  and  brought  out  when  he  was  but  nineteen 
years  of  age  by  Mr.  L.  D.  Hawkins,  and  for  six  years  thereafter  he  was  engaged  by 
that  gentleman  and  others  in  designing  general  machinery.  At  the  age  of  twenty- 
five  he  was  engaged  as  head  draughtsman  in  the  reconstruction  of  the  Standard 
Sugar  Refinery  of  this  city,  at  twenty-seven  he  became  the  Assistant  Superintendent, 
and  at  thirty  the  Superintendent  of  the  Refinery,  in  which  position  he  remaitied 
for  about  ten  years,  making  many  valuable  improvements  for  the  refinery,  and  a 
reputation  for  himself. 

At  the  organization  of  the  American  Sugar  Refining  Company  in  1890,  into 
which  the  Stamlard,  among  other  refineries,  was  merged,  Mr.  Webster  was  made  one 
of  the  Consulting  Engineers,  with  headquarters  in  New  York,  dividing  his  time 
weekly  between  that  city  and  Boston.     This  was  the  position  he  held  at  his  death. 

His  whole  life  was  an  honor  and  a  credit  to  the  engineering  profession,  and 
what  he  gave  to  the  world  in  design  and  invention  are  lasting  monuments  to  his 
memory. 

Montana  Society  of  Civil  Engineers. 


Helena,  Mont. — At  the  last  meeting  of  the  Montana  Society  of  Civil 
Engineers,  held  Saturday  evening,  October  12th,  in  the  rooms  of  the  Society  in 
the  annex  of  the  Granite  Block,  Mr.  Keerl,  who  was  appointed  to  confer  with  the 
librarian  of  the  public  library  with  reference  to  (he  best  books  on  the  subject  of 
engineering  that  could  be  secured  for  the  library,  made  a  report.  He  said  that  he 
had  given  the  suiiject  a  good  deal  of  attention,  and  had  recommended  certain 
books  which  he  hoped  would  be  secured  at  an  early  date.  He  realized,  he  said, 
that  the  selection  of  a  limited  number  of  books  on  so  comprehensive  a  subject  was 
a  mutter  for  serious  consideration,  but  he  hoped  that  the  selection  he  had  made 
would  meet  with  the  approval  of  tiie  Society. 
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It  was  voted  that  the  Society  donate  to  the  library  six  vohitues  of  the  Journal 
OF  THE  Association  op  Engineering  Societies,  which  would  put  the  library 
in  possession  of  all  the  copies  of  tiie  Journal  since  1888. 

A  letter  from  Prof.  J.  B.  Johnson,  Chairman  of  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  was  read,  which  contained  the  information 
that  the  Western  Society  of  Engineers,  of  Cliicago,  had  voted  to  withdraw  from 
the  Association.  Prof.  Johnson  also  called  attention  to  the  fact  tiiat  new  oflicers 
of  the  Association  would  soon  be  elected,  and  that,  owing  to  other  duties,  he  would 
be  compelled  to  decline  a  renomination.  Tliis  was  much  regretted  by  all,  as  they 
all  realized  that  Prof.  Johnson  had  been  untiring  in  his  eflbrls  to  promote  the  good 
of  the  Association. 

A  committee  consisting  of  Elliott  H.  Wilson,  of  Butte;  Edward  R.  McNeill, 
of  Boulder,  and  Charles  G.  Griffith,  of  Helena,  was  appointed  to  nominate  officers 
for  the  ensuing  year. 

The  members  present  were:  James  S.  Keerl,  W.  A.  Haven,  John  Herron,  A. 
E.  Gumming,  H.  V.  Wheeler,  .James  H.  Henley  and  F.  J.  Smith. 


Bradley  i  Poatet,  Enfr's,  X.r. 
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AVesterii  Society  of  Engineers. 


The  334th  Meeting  of  the  Society  was  lield  in  tlie  Society's  rooms,  Wednesday 
evening,  October  2,  1895.  President  Horlon  in  the  chair  and  forty -one  members  and 
guests  present. 

The  minutes  of  the  meetings  of  September  4th  and  24th  were  read  and 
approved. 

The  Secretary  reported  for  tlie  Board  of  Directors  as  follows : 

At  the  meeting  of  the  Board  of  Directors  held  September  7,  1895,  the  resigna- 
tion of  Mr.  Benezette  Williams  as  a  representative  of  the  Western  Society  of  En- 
gineers on  the  Board  of  Managers  of  the  Association  of  Engineering  Societies  was 
read  and  accepted,  and  Mr.  Charles  J.  Roney  has  been  sime  appointed  to  serve  the 
remainder  of  the  unexpired  term. 

The  following  persons  were  elected  to  membership: 

As  Members — Messrs.  John  C.  Bley  and  James  C.  Long. 

The  Treasurer  reported  a  balance  on  liand  September  1,  1895,  of  §1,599.43. 

Bills  to  the  amount  of  $138.83  were  approved  and  ordered  j^aid. 

.\t  the  meeting  of  the  Board  of  Directors  he'd  October  1,  1895,  the  following 
applications  for  membership  were  received  and  placed  on  file: 

As  Member — Lyman  Smith,  Chicago. 

As  Associate — Kudolph  Link,  Chicago. 

Bills  to  the  amount  of  S187.06  were  approved  and  ordered  paid. 

Mr.  Gerber,  chairman  of  the  Excursion  and  Entertainment  Committee,  an- 
nounced a  proposed  Drainage  Canal  Excursion  for  October  12th,  by  special  train 
to  Lemont,  tiience  returning,  stop[>ing  at  various  points;  luncheon  to  be  served  at 
some  point  on  the  trip;  further  announcements  to  be  made. 

On  motion,  after  explanation  of  the  need  of  such  action,  it  was  Resolved,  That 
a  committee  of  three  be  appointed  by  the  chair,  to  report  at  the  next  regular 
meeting  of  the  Society  (November  6, 1895),  a  plan  for  the  publication  of  the  papers 
and  proceedings  of  the  Society  and  a  revision  of  the  Constitution  and  By-Laws. 

The  Secretary  announced  the  death,  a  few  hours  previously,  of  General  O.  M. 
Poe,  Col.  of  Engineers,  U.  S.  A.,  one  of  the  oldest  members  of  the  Society,  and  a 
committee  was  appointed  to  draft  appropriate  resolutions  thereupon, 

The   Secretary  reported  the  list  of  delegates  from   the  Western   Society  of 

Engineers   to  the  First  Annual  Convention  of  the  Interrational  Deep  Waterways 

Association,  at  Cleveland,  Ohio,  September  24,  25,  26,  1895,  as  follows  :  Members — 

Gen.  O.  M.  Poe,  Lyman  E.  Cooley,  Isham  Eandolph,  Thos.  T.  Johnston,  Alex.  E. 
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Kastl  and  Ebin  J.  Ward.  Associates — Frank  Wenter,  William  Boldenweck,  Ber- 
nard A.  Eckhart,  and  Capt.  James  S.  Dunham.  All  these  delegates  attended  the 
Convention,  except  Gen.  Poe,  who  was  unable  to  do  so. 

On  motion  the  chairman  was  instructed  to  appoint  delegates  from  the  Western 
Society  to  the  Western  Waterways  Convention  at  Vicksburg,  Mississippi,  October 
22  and  23,  1895.  Messrs.  Lyman  E.  Cooley  and  Thomas  T.  Johnston  were  subse- 
quently appointed  delegates. 

A  memoir  of  Warren  Collier  Smith  was  read,  ordered  spread  upon  the  records 
of  the  Society,  and  a  copy  sent  to  the  family  of  the  deceased. 

A  discussion  on  "  The  Proper  Chemical  Composition  of  Steel  for  Heavy  Rail- 
sections"  was  then  opened  by  Mr.  Robert  W.  Hunt,  and  a  very  interesting  pre- 
sentation of  the  subject  was  made.     The  meeting  then  adjourned. 


On  Saturday,  October  12th,  a  very  delightful  excursion  was  made  to  various 
points  of  interest  on  the  Chicago  Sanitary  Drainage  Canal.  By  the  courtesy  of  the 
Chicago  &  Alton  Railroad  Company  a  special  train  was  secured,  and  a  luncheon 
was  served  on  the  train.  About  22.5  members  and  guests,  including  many  ladies, 
participated. 

At  the  meeting  of  the  Board  of  Directors,  held  October  loth,  the  following 
applications  for  membership  were  received  and  placed  on  file. 

As  Members:  Waldo  H.  Marshall,  Mechanical  Engineer,  and  Editor  of  the 
Railway  Master  MeeJianic,  Chicago,  and  Charles  Woodbury  Melcher,  Mechanical 
Engineer,  and  Chicago  Manager  The  Ingersoll-Sargeant  Drill  Co.,  Chicago. 

Charles  J.  Roney,  Secretary. 


Warren  Collier  Smitli. — A  Memoir. 


By  Isham  Randolph,  Frederick  S.  Brown  axd  James  J.  Reynolds, 
Committee  of  the  Western  Society  of  Engineers. 


[Read  October  2,  1895.] 

The  subject  of  this  memoir,  Warren  Collier  Smith,  was  born  in  Clark  County, 
Va.,  on  June  28,  1866.  His  parents  were  Warren  Christian  Smitli  and  Betty  B. 
Smith  {nee  Randolph.)  The  home  influences  which  surrounded  the  boy  were 
such  as  tend  to  the  up-building  of  a  sturdy,  honest  and  honorable  character,  and 
they  bore  fruit  in  him  of  the  truest  manhood. 

The  circumstances  of  his  life  debarred  him  from  a  broad  and  liberal  education, 
but  such  educational  advantages  as  were  vouchsafed  him  he  improved  faithfully, 
grounding  himself  well  in  the  English  branches  and  in  the  basic  principles  of 
mathematics. 

In  1886,  he  secured  employment  in  the  Engineer  Corps  of  the  Chicago,  Madison 
and  Northern  Railroad  in  a  very  subordinate  position.  His  steady,  industrious 
habits  and  close  ol)servation,  coupled  with  his  aptness  to  learn,  attracted  the  atten- 
tion of  his  superiors,  who  extended  to  him  the  opportunities  which  he  needed  of 
becoming  familiar  with  the  use  of  instruments  and  acquiring  practice  in  the  com- 
putations of  field  and  oflSce. 

Upon  the  completion  of  that  work,  he  secured  employment  in  West  Virginia, 
on  railroad  location  and  construction,  in  a  responsible  capacity.     Later,  he  was 
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employed  upon  the  Chicago  aiwJ  Easlern  Illinois  Railroad,  in  charge  of  the  second 
track  graduation  between  Dalton  and  Momence.  After  this,  he  was  engaged  upon 
the  surveys  and  construction  of  the  Chicago  and  Calumet  Terminal  Railroad.  Fol- 
lowing this,  he  entered  the  employ  of  Mr.  W.  F.  Sargent,  Engineer  and  Surveyor 
of  this  city,  and,  for  the  last  three  years  of  his  life,  he  was  associated  with  his  uncle, 
Isham  Randolph,  in  cliarge  of  the  land  survey  branch  of  liis  business. 

He  was  quiet  and  unassuming,  but  forceful  and  determined,  a  man  who  im- 
pressed all  with  whom  he  come  in  contact,  either  in  the  business  of  life  or  in  its 
friendly  relations,  with  his  unfaltering  integrity,  his  liigh  sense  of  honor  and  his 
kindliness  of  heart.  To  us  who  knew  him  in  the  daily  intercourse  of  life,  he  was 
genial  and  affectionate,  a  friend  to  be  h)ved  and  trusted  in  life,  ami  sincerely 
mourned  in  death. 

He  died  on  the  29th  of  INIarch,  1S<)5,  at  the  home  of  his  mother  in  Jelierson 
County,  West  Virginia,  leaving  a  sliort  record  of  years,  full  of  honest,  earnest 
work  and  loyal  devotion  to  duty  and  friendship. 


Enijfiueers"'  Clvib  of  Minneapolis. 


October  14,  1895 — A  special  meeting,  to  whicii  other  engineers  of  Minneapo- 
lis had  been  invited  by  the  Engineers'  Club  of  Minneapolis,  Avas  held  at  the  office 
of  the  City  Engineer,  City  Hall,  to  take  action  upon  the  death  of  William  A.  Pike, 
C.  E.,  which  occurred  on  Sunday,  October  12,  1895. 

The  meeting  was  called  to  order  at  8  p.m.  by  the  President,  F.  W.  Cappelen, 
who  in  fitting  words  announced  the  great  loss  which  both  the  Club  and  the  profes- 
sion had  sustained,  after  nearly  all  present  had  paid  fitting  tribute  to  our  deceased 
member.  I.  E.  Howe  moved  that  a  committee  of  three  be  appointed  to  draft  suita- 
ble resolutions  and  present  them  to  this  meeting  for  adoption.  This  was  amended, 
increasing  tlie  committee  to  five,  and  adding  "  and  that  this  committee  make 
arrangements  for  flowers,  and  attend  the  funeral  as  representatives  of  this  meeting," 
and  so  carried. 

The  Chair  appointed,  as  such  committee,  I.  E.  Howe,  M.  D.  Rhame,  E.  T. 
Abbott,  Wm.  De  La  Barre,  and  Elbert  Nexsen. 

The  following  resolutions  were  drawn  up,  reported  and  unanimously  adopted  : 

Whereas,  Death  has  removed  from  our  midst  an  esteemed  associate  and 
friend  in  the  person  of  William  A.  Pike,  and  we  wish  to  express  our  appreciation  of 
him  as  a  man  and  civil  engineer. 

Resolved,  That  we  do  hereby  express  our  sincere  sorrow  at  the  death  of  Wil- 
liam A.  Pike,  feeling  that  in  him  the  engineering  profession  had  a  faithful  and 
able  representative,  whose  cbaracter  and  abilities  gave  j)romise  of  a  most  useful 
and  honorable  future.  In  him  we  recognized  such  strongl}'  marked  traits  of  char- 
acter, such  high  aims,  such  devotion  to  his  profession,  such  honesty  of  purpose  as 
to  win  our  admiration  and  command  our  highest  respect. 

We  extend  our  sympathies  to  the  wife  and  family  of  our  departed  colleague, 
realizing  that  a  great  personal  loss  has  been  sustained  by  those  intimately  associated 
with  him  in  his  lifetime. 

Resolved,  That  an  engrossed  copy  of  these  resolutions  be  transmitted  to  his 
bereaved  family. 

Elbert  Nexsen,  F.  W.  Cappelen, 

Secretary.  President. 

On  motion,  adjourned.  Elbert  Nexsen,  Secretary. 
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November  22,  1895. — A  meeting  of  the  Engineers'  Club  of  Minneapolis  was 
held  at  the  ofBce  of  the  City  Engineer,  City  Hall,  at  8  p.m.,  the  President  in  the 
chair,  to  consider  the  advisability  of  continuing  the  Club  next  year,  or  winding  up 
its  affairs  with  this  year. 

A  statement  was  made  showing  the  indebtedness  of  tlie  Club,  which  was 
entirely  due  to  the  Journal  of  the  Association  of  Engineering  Societies. 
A  canvas  of  the  amounts  due  from  members  showed  that  this  had  arisen  by  neglect 
of  members  to  keep  their  assessments  paid  up — that  there  was  enough  due  which 
was  considered  good  to  meet  our  liabilities.  The  sentiment  expressed  by  all  present 
was  that  this  must  be  collected  and  the  debt  paid  early  in  December,  and  that  the 
Club  had  better  die  than  drag  along  as  it  had  for  the  last  few  months. 

W.  R.  Hoag  moved  a  committee  of  three  be  appointed  to  see  all  members  in 
arrears,  and  point  out  to  them  that  this  debt  must  be  paid  at  once,  and  unless  they 
paid  up  their  arrearages  those  who  had  must  do  it  for  them.  Carried.  Chair 
appointed  W.  R.  Hoag,  F.  W.  Cappelen  and  Elbert  Nessen,  committee. 

The  Secretary  read  a  letter  from  Mrs.  Maria  R.  Pike,  expressing  her  thanks 
and  those  of  her  family  for  the  action  of  the  Club  in  reference  to  the  death  of  her 
husband,  Mr.  William  A.  Pike. 

Adjourned,  subject  to  the  call  of  the  President. 

Elbert  Nexsen,  Secretary. 


Teclinical  Society  of  the  Pacific  Coast. 


November  1,  1895.— Regular  meeting.  Called  to  order  at  8.30  p.m.,  by  Presi- 
dent Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  gentlemen  were  elected  to  membersliip  by  regular  ballot  : 

Members. — W.  F.  Englebright,  Dana  Harmon  and  W.  W.  Waggoner,  all  of 
Nevada  City,  California. 

The  proposition  for  membership  of  Dr.  Willis  E.  Everette,  Mining  Engineer 
of  Tacoma,  W^ashington  (proposed  by  George  F.  Schild,  H.  C.  Behr  and  Otto  von 
Geldern),  was  referred  to  the  Executive  Committee. 

Professor  Frank  Soule  then  read  the  paper  of  the  evening,  entitled  : 

"Pacific  Coast  Timber,  Its  Testa  and  Treatment,"  which  was  fully  discussed 
by  members  (ircsent. 

Adjourntd.  Otto  VON  Geldern,  Secretary. 


Civil  Eiiiyineers''  Society  of  St.  Paul. 


November  4,  1895. — The  regular  meeting  of  the  Civil  Engineers'  Society  of 
St.  Paul  was  called  to  order  at  the  Society  library  at  8. .30  p.m.,  by  Vice-President 
Hilgard. 

Present,  eleven  members  and  six  visitors. 

Minutes  of  previous  meeting  read  and  approved. 

An  adverse  report  of  the  Committee  on  International  Literary  and  Artistic 
Af^sociation  was  accepted  and  commiltee  discharged.  All  other  committees  were 
granted  an  extension  of  time. 

Resolutions  of  thanks  for  courtesies  extended  to  members  of  the  Society  were 
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passed  in  favor  of  the  Western  Society  of  Engineers,  F.  W.  Cappelen,  City  Engineer 
of  Minneapolis,  and  the  Twin  City  Rapid  Transit  Co. 

Messrs.  Powell,  Lowetli  and  Woodman  rei)orted  a  resolution  in  favor  of  sur- 
veying the  upper  Mississippi,  and  the  Secretary  was  instructed  to  telegraph  the 
same  to  the  Mississippi  River  Commission,  at  St.  Louis,  Mo. 

Mr.  Potts  described  the  rehiiilding  of  the  Ketter  River  bridge  approaches  de- 
stroyed by  the  Hinkly  tire.  The  remarkable  record  of  framing  and  erecting  an 
average  of  100,000  feet  of  lumber  i)er  day  was  accomplished  on  this  work. 

Mr.  Hilgard  illustrated  the  method  of  hydraulic  grading  in  vogue  on  the 
N.  P.  R.  R.  system.  Under  favorable  circumstances  the  work  of  replacing  worn-out 
wooden  trestles  with  embankments  is  done  at  a  cost  of  five  cents  per  cubic  yard. 

Adjourned  at  10.45. 

C.  L.  Annan,  Secretan/. 


Engineer's''  Club  of  St.  lioiiis. 


424tit  Meeting,  November  G,  181)5. — The  club  was  called  to  order  at  8.20 
P.M.,  at  16u0  Lucas  Place,  President  Russell  in  the  cliair.  Twenty-two  members 
and  live  visitors  present.  The  minutes  of  the  423d  meeting  were  read  and 
approved.  The  Executive  Committee  reported  the  doings  of  its  198th  meeting, 
approving  the  application  for  membership  of  S.  E.  Freeman.  He  was  balloted 
for  and  elected.  Applications  for  membership  were  announced  from  Carl  Barth, 
engineer  Ranken  &  Fritsch  Foundry  and  Machine  Co.;  Alfred  W.  French,  Civil 
Engineer  United  States  Government,  Jefferson  Barracks;  and  Richard  Morey, 
City  Engineer,  Sedalia,  Mo. 

The  Secretary  announced  the  receipt  of  a  detailed  financial  statement  from  the 
Secretary  of  the  Association  of  Engineering  Societies. 

Prof.  Chas.  C.  Brown's  paper  on  "The  Sewerage  of  Indianapolis"  was  then 
read  by  Mr.  B.  H.  Colby.  The  paper  explained  the  peculiar  features  of  tlie  prob- 
lem, and  was  illustrated  by  drawings  and  maps  showing  the  general  features,  as 
well  as  details  of  the  several  interesting  forms  of  special  construction.  The  metliods 
of  carrying  on  the  work,  and  its  extent  and  cost,  were  explained.  The  country 
being  flat,  little  or  no  fall  was  available. 

The  discussion  was  participated  in  by  Messrs.  Robert  Moore,  Kineally,  Flad, 
Olshansen,  J.  B.  Johnson,  Slierman,  Pitzman,  Hermann,  Maltby,  Bouton  and 
President  Russell. 

Mr.  Moore  gave  some  furtiier  details  of  the  situation,  size  of  streams,  etc.  The 
life  of  iron  work  painted  with  asphalt  was  discussed.  The  difliculty  of  getting  good 
construction  in  masonry  was  mentioned,  as  was  also  the  subject  of  water  pollution 
and  protection  of  water  sheds. 

Adjourned.  William  H.  Bryan,  Secretary. 


425th  Meeting,  November  20,  1895. — President  Russell  called  the  club  to 
order  at  8.25  p.m.,  twenty-six  members  and  eight  visitors  being  present. 

The  minutes  of  the  424th  meeting  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  199th  meeting.  The  names  of  John  Dean, 
J.  L.  Duffy  and  J.  A.  Tiernan  were  dropped  for  delinquency.  The  applications  for 
membership  of  C.  G.  L.  Barth,  Richard  Morey  and  A.  W.  French,  were  approved. 
They  were  balloted  for  and  elected. 
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On  motion  of  Prof.  J.  H.  Kinealy,  the  following  parties  were  chosen  a  Com- 
mittee on  Nominations  of  OiBcers  for  1896:  E.  D.  Meier,  P.  N.  Moore  and  Wil- 
liam Boiiton. 

Resignations  were  announced  from  R.  F.  Grady  and  B.  J.  Arnold. 

Prof.  W.  B.  Potter,  chairman  of  the  club's  Committee  on  Smoke  Prevention, 
then  addressed  the  club  informally,  e.xplaining  the  steps  wliich  had  brought  about 
tlie  present  status  of  affairs  in  smoke  abatement.  The  original  agitation  was  begun 
in  this  club,  and  had  resulted  in  the  passage  of  two  ordinances  which  had  been  in 
force  for  over  two  years,  and  were  operating  very  satisfactorily.  The  movement 
had  the  backing  of  a  popular  organization  known  as  the  Citizens'  Smoke  Abate- 
ment Association,  sn[)ported  by  nearly  two  thousand  members.  A  Government 
official,  who  had  recently  investigated  tiie  subject,  had  reported  that  St.  Louis  had 
stopped  70  per  cent,  of  its  smoke,  and  was  doing  better  than  any  other  city  in  the 
country.  The  Professor  explained  the  methods  of  measuring  smoke  and  suggested 
that  Government  observers  keep  records  of  the  smokiness  of  the  atmosphere  on 
different  days.  He  also  spoke  of  smoke  from  house  chimneys,  and  tiie  remedies 
possible.  He  then  devoted  sjjecial  attention  to  the  steam  jet,  as  it  is  a  very  cheap 
remedy.  He  called  attention  to  the  fact  that  the  personality  of  firemen  entered 
more  largely  into  this  matter  than  any  other  single  feature,  and  suggested  that  it 
would  be  well  to  license  firemen,  and  thus  raise  the  grade  of  intelligence  and  secure 
better  results.  A  great  many  plants  were  defective  in  draft  and  had  large  air 
leakages.  The  attention  which  had  been  given  the  smoke  problem  had  resulted 
in  better  boiler  practice  generally.  Tlie  Professor  thought  that,  on  the  whole,  good 
progress  had  been  made  in  the  movement,  and  still  better  results  could  be  expected 
in  the  future. 

The  discussion  was  participated  in  by  Messrs.  J.  B.  Johnson,  P.  N.  Moore, 
Flad,  Olshausen,  Meier,  Sherman,  Bryan  and  Kinealy. 

Adjourned.  William  H.  Bryax,  Seentanj. 


Civil  Engineers^  Cliib  of  Cleveland. 


NovK^tBER  12,  1895. — Meeting  of  the  Civil  Engineers'  Club  of  Cleveland, 
called  to  order  by  President  IVIordecai  at  about  7.45.  Present,  fifty-four  members 
and  visitors. 

Minutes  of  the  last  meeting  read  and  approved.  Minutes  of  the  Executive 
Committee  meeting  read  and  the  resignation  of  Mr.  W.  W.  Read  reported. 

Professor  C.  H.  Benjamin  reported  in  regard  to  tlie  proposed  excursion  to 
Niagara  Falls,  and  upon  his  motion  a  committee  was  appointed  to  attend  to  the 
matter. 

The  paper  of  the  evening,  by  Mr.  Frank  C.  Osborn,  on  Bridge  Floors,  was 
read,  on  account  of  his  absence  from  the  city,  by  his  assistant,  Mr.  Bernard  S.  Green. 

Mr.  Osborn  treated  the  subject  historically,  noting  the  progress  in  the  design 
of  the  solid  floors  abroad  and  at  home  from  the  earliest  times  to  the  present.  He 
states  that  the  first  bridge  on  record  with  solid  wrought-iron  floor  is  the  Britannia, 
built  in  1845.  In  America,  the  oldest  solid  iron  trough  floor  for  railroad  bridge  is 
that  over  the  Willamette  River,  built  in  1887. 

Mr.  Osborn  gives  the  successive  dates  of  introduction  of  about  all  the  various 
forms  that  have  now  been  in  use,  and  brief  description  of  the  most  important.  He 
gives  the  requirements  for  a  good  railroad  bridge  floor  as  follows:  Accessibility  for 
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examination  and  painting,  facilities  for  thorough  and  rapid  draining,  the  use  of 
siinpes  and  sizes  readily  obtainable  from  the  mills,  simplicity  of  shop  construction, 
cheapness  of  first  cost  and  cost  of  nuiintenanc*,  convenience  of  changing  location  of 
track  laterally  and  direct,  simple  ami  efrective  connection  to  girders. 

Discussion  by  Messrs.  E.  A.  Handy,  A.  E.  Brown  and  oiliers. 

Messrs.  C.  H.  Benjamin,  James  Ritchie  and  E.  S.  W.  Moore  were  appointed  to 
arrange  tlie  Niagara  Falls  excursion. 

The  Club  adjourned  to  the  restaurant  and  partook  of  a  light  lunch. 

Forrest  A.  Coburn,  Secretary. 


Boston  Society  of  Civil  Ensrineers. 


November  20,  1895. — A  regular  meeting  of  the  Society  was  held  at  its  rooms, 
36  Bromfield  Street,  Boston,  at  7.50  p.m.,  President  Albert  F.  Noyes  in  the  chair- 
Sixty-nine  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Dwight  L.  Hubbard,  Willis  T.  KnowltoTJ,  Elmer  G.  Manahan,  Charles 
W.  Sherman,  George  A.  Soper,  and  Charles  Temperley,  were  elected  members  of 
the  Society. 

The  thanks  of  the  Society  were  voted  to  Samuel  Nott,  an  honorary  member 
and  Secretary  of  the  Society  from  1849  to  1874,  for  his  gift  of  valuable  books  to  the 
library. 

The  Treasurer  spoke  of  the  plan  of  raising  a  fund  for  fitting  up  the  new  rooms 
of  the  Society,  by  voluntary  subscription,  and  stated  that  two  liberal  contributions 
had  been  received  already.  On  motion  it  was  voted  that  an  appeal  for  subscriptions 
to  the  fund  be  issued  in  the  notices  of  the  next  meeting. 

The  resolution  submitted  at  the  last  meeting  by  the  Committee  on  Weights 
and  Measures,  in  relation  to  a  uniform  standard  of  thicknesses  for  metals,  was  then 
considered,  and  after  discussion,  was  amended  so  as  to  read  : 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecates  the 
use  of  any  of  the  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urges  the  use  of  a  decimal  system  for  all  such  measurements. 

Mr.  R.  W.  Lesley,  Treasurer  of  the  American  Cement  Company,  of  Philadel- 
phia, was  then  introduced,  and  read  a  paper  entitled  "  Progress  of  the  Manufacture 
of  Portland  Cement  in  America." 

At  the  conclusion  of  the  discussion  of  the  paper.,  in  which  the  members  quite 
generally  took  part,  a  vote  of  thanks  was  passed  to  Mr.  Lesley  for  the  interesting 
paper  which  he  had  so  kindly  read. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


-Lradley  A  Poates,  t/ngr  s.  A.l . 
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Western  Society  of  Engineers. 


The  335th  meeting  of  the  Society  was  held  in  the  Society's  rooms,  1737 
Monadnock  Block,  Chicago,  on  Wednesday  evening,  November  6,  1895.  President 
Horton  in  the  chair,  and  40  members  and  gnests  present. 

The  minutes  of  the  meeting  of  October  2d  were  read  and  approved. 

The  Secretary  read  the  report  of  the  Board  of  Directors — 

At  the  meeting  of  the  Board  of  Directors,  Iield  October  15,  1895,  the  following 
applications  for  membership  were  received  and  jilaced  on  file : 

As  Members — Messrs.  Waldo  H.  Marshall  and  Charles  Woodbury  Melcher, 
both  of  Chicago. 

At  the  meeting  of  the  Board  of  Directors,  held  November  5,  1895,  the  follow- 
ing applications  for  membership  were  received  and  placed  on  file : 

As  Members — Messrs.  Carl  Haller,  William  T.  Keating,  LeRoy  Kempton, 
Sherman  and  Leland  L.  Summers,  all  of  Chicago. 

The  following  named  persons  were  elected  to  membership  in  the  Society  : 

As  Members — Waldo  H.  Marshall,  Charles  Woodbury  Melcher  and  Lyman 
Smith,  all  of  Chicago. 

As  Associate — Rudolph  Link,  Chicago. 

The  Treasurer  reported  a  balance  on  hand  October  1,  1895,  of  |1,561.79  ;  and 
a  balance  on  hand  November  1,  1895,  of  $1,444.69. 

Bills  to  the  amount  of  $476.64  were  approved  and  ordered  paid. 

Mr.  Gerber,  Chairman  of  the  Excursion  and  Entertainment  Committee,  read 
an  invitation  from  the  Pioneer  Rail  Renewing  Co.,  of  Chicago,  by  Mr.  James  S. 
Prentice,  Treasurer,  inviting  the  Society  to  visit  the  works  of  that  Company  (for- 
merly the  North  Chicago  Rolling  Mill  Co.),  on  the  9th  or  16th  instant,  preferably 
the  9th  instant,  and  the  invitation  was  accepted  for  that  date. 

Mr.  Johnston,  Chairman  of  the  Committee,  presented  the  following  report : 

"  Your  committee  appointed  to  prepare  a  plan  for  the  publications  of  the 
Society,  and  a  revision  of  the  Constitution  and  By-Laws,  respectfully  make  report 
as  follows : 

"  1.  A  draft  of  a  resolution  is  submitted  herewith,  which,  if  adopted  by  the 
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Society,  formulates  a  plan  for  publication.     It  is  practically  the  rules  under^which 
the  Philadelphia  Society  is  proceeding,  and  which  has  been  found  satisfactory. 

"  2.  A  draft  of  a  revised  Constitution  and  By-Laws  is  submitted.  Tlie  com- 
mittee ft'cls  that  the  existing  Constitution  and  By-Laws  are  very  deficient,  and 
recommends  urgently  the  careful  consideration  of  the  document  submitted,  believ- 
ing confidently  that,  tliough  it  may  be  in  some  respects  imperfect,  it  certainlyjwill 
be  an  exceedingly  desirable  snl)stilute  for  what  now  exists." 

(Signed)  Thos.  T.  Johnston, 

Chas.  E.  Billin. 

Mr.  Charles  J.  Koney,  the  third  member  of  the.  Committee,  briefly  dissented, 
but  from  lack  of  time  was  unable  to  present  a  minority  report. 

It  was  voted  that  the  report  of  the  Committee  be  received  for  discussion. 

The  following  resolution  was  presented,  seconded  and  adopted  : 

'^Resolved,  That  the  report  of  the  Committee  on  plans  for  publications  and  a 
revision  of  the  Constitution  and  By-Laws  be  received,  accepted  and  the  Committee 
continued  ;  and,  be  it  further 

''Resolved,  That  the  draft  of  the  revised  Constitution  and  By-Laws  be  printed 
and  copies  sent  to  all  members  of  the  Society  at  once,  and  that  the  matter  be 
further  considered  at  the  adjourned  meeting  to  be  held  on  Friday,  November  15, 
1895,  at  8  P.M." 

The  Secretary  announced  the  death  of  Mr.  Willard  S.  Pope,  a  Past  President 
of  tlie  Society  and  one  of  its  oldest  members,  who  died,  October  10th,  at  his  home 
in  Detroit,  Mich. 

On  motion,  it  was  voted  that  the  President  should  appoint  a  Committee  to  pre- 
pare a  memorial  of  our  deceased  member,  Mr.  Pope. 

The  President  subsequently  appointed  as  such  Committee  Messrs.  George  S. 
Morison,  L.  P.  Morehouse  and  E.  C.  Carter. 

The  subject  for  discussion  for  the  evening,  "  Methods  of  Power  Testing  for 
Motocycles,"  was  introduced  by  Mr.  Leland  L.  Summers,  in  a  very  interesting  and 
instructive  review  of  the  general  subject  of  motocycles,  followed  by  a  description 
by  Mr.  John  Lundie  of  the  machine  and  methods  employed  in  testing  motocycles 
to  be  used  in  the  forthcoming  motocycle  contests  in  Chicago  and  vicinity.  After 
an  animated  discussion  of  the  subject,  tlie  meeting  adjourned  to  meet  in  the 
Society's  rooms  on  Friday,  November  15,  1895,  at  8  P.M. 

Charles  J.  Roney,  Secretary. 


On  Friday  evening,  November  15,  1895,  the  Society  met  pursuant  to  adjourn- 
ment.    President  Horton  in  the  chair  and  25  members  present. 

It  was  moved  and  seconded  that  the  resolution  providing  for  publications  be 
adopted.  An  amendment  was  offered  that  the  third  paragraph  be  stricken  out. 
On  vote  the  amendment  was  lost.     The  resolution  was  then  by  vote  adopted. 

On  motion,  the  pro])osed  revision  of  the  Constitution,  previously  printed  and 
mailed  to  members,  was  taken  up  for  informal  consideration,  article  by  article,  and 
in  some  cases  section  by  section,  and  after  such  amendments  as  were  approved,  the 
articles  were  severally  seconded  by  the  meeting. 

Articles  I  and  II  of  the  proposed  revision  of  the  By-Laws  were  in  like  manner 
considered,  and,  after  amendment,  were  seconded  by  the  meeting. 

A  resolution  was  then  adopted  that  when  the  meeting  adjourned  it  should 
adjourn  to  meet  in  the  Society's  rooms  on  Friday,  November  22,  1895,  at  8  P.M., 
for  further  consideration  of  tlie  })roii()sed  revision  of  the  Constitution  and  By- 
Laws. 


PEOCEEDINGS.  33 

Mr.  George  S.  Morison  here  oflered  as  an  ainendnient  to  Article  VI  (by  error 
printed  as  Art.  IV),  the  following  addition  to  Section  5  of  said  Article  VI  :  "Any- 
active  metnber  elected  prior  to  December  31,  1895,  and  who  shall  have  paid  all 
fees,  dues  or  assessments  which  may  have  accrued  against  him  for  a  continuous 
period  of  twenty  years  (dues  paid  to  the  Civil  Engineers'  Club  of  the  Northwest  to 
be  included  in  reckoning  such  twenty  years),  shall  be  excused  from  payment  of 
annual  dues  thereafter,"  and  asked  that  the  same  be  considered  at  the  next  meeting. 

On  motion,  the  meeting  then  adjourned  to  meet  in  the  Society's  rooms  on 
Friday,  November  22,  1895,  at  8  p.m.  Charles  J.  Roney,  Secretary. 


A  SPECIAL  meeting  (336th  of  the  Society)  was  held  in  Science  Hall,  Armour 
Institute  of  Technology,  Chicago,  on  Thursday  evening,  November  21,  1895,  at  8 
o'clock.     President  Horton  in  the  chair  and  51  members  and  guests  present. 

A  paper,  "Application  of  Electric  Power  to  Industrial  Purposes,"  was  pre- 
sented by  the  author,  Mr.  George  P.  Nichols.  The  paper  was  illustrated  by  some 
thirty  fine  lantern  views,  and  ofter  discussion  of  the  paper  the  meeting  adjourned. 

Charles  J.  Eoney,  Secretary. 


On  Friday  evening,  November  22,  1895,  the  Society  met  in  the  Society's 
rooms  pursuant  to  adjournment  from  November  15th.  Vice-President  Johnston  in 
the  chair  and  14  members  present. 

It  was  voted  that  a  committee  of  ten  members  be  appointed  by  the  President 
to  nominate  candidates  for  tiie  offices  to  be  lilled  at  the  ne.xt  annual  election  of  the 
Society. 

The  meeting  then  proceeded  to  further  consideration  of  the  proposed  revision 
of  the  Constitution  and  By-Laws,  beginning  at  Article  III  of  the  By-Laws. 

Articles  III  to  VIII,  inclusive,  were  considered,  and  after  such  amendments  as 
were  adopted,  these  articles  were  seconded  by  the  meeting.  Tlie  Amendment  to 
Article  VI,  Section  5,  proposed  by  Mr.  George  S.  Morison  at  the  meeting  of  Novem- 
ber loth,  was  voted  upon  and  was  rejected.     Article  IX  was  stricken  out. 

It  was  moved  by  Mr.  Reynolds  that  the  Constitution  and  By-Laws  be  seconded 
as  a  whole.     Motion  seconded  and  carried.     The  meeting  then  adjourned. 

Charles  J.  Roney,  Secretary. 

On  November  9,  1895,  by  invitation  of  the  Pioneer  Rail  Renewing  Company, 
of  Chicago,  the  works  of  that  Company  were  visited  and  inspected  by  a  considera- 
ble number  of  members.  The  Gates  Iron  Works  were  also  vi'-ited,  and  the  system 
of  operation  was  fully  inspected. 


The  337th  meeting  of  the  Society  was  held  in  tlie  Society's  rooms,  1737 
Monadnock  Block,  Chicago,  on  Wednesday  evening,  December  4,  1895,  at  8  p.m  , 
with  41  members  and  guests  present. 

In  the  absence  of  the  President  and  both  Vice-Presidents,  Mr.  Alfred  Noble 
was  elected  President  pro  tempore.  The  presentation  and  approval  of  the  minutes 
of  the  November  meetings  of  the  Society,  and  the  report  of  the  Board  of  Directors 
were  passed. 

Mr.  G.  A.  M.  Liljencrantz,  Chairman  of  the  Committee,  read  a  memoir  of  our 
deceased  member,  General  O.  M.  Poe,  and  presented  a  series  of  resolutions  regard- 
ing the  death  of  General  Poe,  which  resolutions  were  adopted  by  the  Society.  The 
memoir  and  resolutions  will  appear  in  the  first  number  of  the  new  journal  of  the 
Societv. 
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A  request  for  a  better  ballot  on  the  proposed  revision  of  the  By-Laws  of  the 
Society,  as  amended  at  the  November  6tli  meetin<>;  of  the  Society,  was  made  by 
Messrs.  Charles  E.  Billin,  James  J.  Reynolds,  Wm.  T.  Casgrain,  G.  A.  M.  Liljen- 
crantz  and  P.  H.  Ashraead,  and  the  Chairman  announced  that  the  requisite  number 
of  members  having  made  such  request,  a  letter  ballot  would  be  taken. 

Mr.  Clement  F.  Street,  manager  of  the  Railuay  Review  engineer  of  the 
recent  commission  from  the  Field  Columbian  Museum,  to  visit  Oriental  railways, 
was  then  introduced  and  in  a  very  entertaining  manner  presented  notes  of  his 
observations  of  the  engineering  characteristics  of  the  railways  of  Oriental  countries, 
accompanied  by  the  exhibition  of  a  large  number  of  photographs.  A  full  report 
of  Mr.  Street's  paper  will  appear  in  the  new  journal  of  the  Society. 

After  a  vote  of  thanks  to  Mr.  Street,  the  meeting  adjourned. 

Charles  J.  Roney,  Secretary. 


A  SPECIAL  meeting  (338th  of  the  Society)  was  held  in  the  Society's  rooms,  on 
Thursday  evening,  December  19,  1895,  at  8  p.m.  President  Horton  in  the  chair 
and  26  members  and  guests  present. 

A  paper,  "Engineering  Consecjuences  of  the  Waterway  Conventions  at  Cleve- 
land, O.,  and  Vicksburg,  Miss.,  in  1895,"  was  presented  by  Mr.  Thos.  T.  Johnston, 
and  the  subject  was  very  fully  discussed  by  Messrs.  F.  P.  Kellogg,  L.  E.  Cooley, 
Isham  Randolj)h,  E.  L.  Cooley,  Geo.  A.  Lederle,  Chas.  L.  Harrison  and  Thos.  T. 
Johnston. 

It  was  voted  that  a  committee  be  appointed  to  prepare  a  suitable  e.xpression  to 
the  President  and  faculty  of  the  Armour  Institute  of  Technology  for  the  courtesies 
extended  to  the  Society  during  the  past  year,  and  Mr.  Isham  Randolph  was 
appointed  as  such  committee. 

Adjourned.  Charles  J.  Roney,  Secretary. 

Note. — At  the  meeting  of  the  Board  of  Directors,  held  December  3,  1895,  the 
following  applications  for  membership  were  received  and  filed:  As  Member — John 
C.  Ostrup,  Chicago.     As  Junior — Stillman  Bingham  Jameison,  Chicago. 

At  tlie  meeting  of  the  Board  of  Directors,  held  December  19,  1895,  the  follow- 
ing applications  for  membership  were  received  and  filed:  As  Associates — James 
W.  Gardner  and  Joseph  S.  Qualey,  both  of  Chicago. 


PUBLICATION.S. 

The  Publication  Committee  has  reported  to  the  Board  of  Directors  that,  for 
1896,  they  will  publish  a  journal  containing  about  ninety  pages  of  reading  matter 
in  each  of  si.x  numbers.  They  have  in  sight  a  revenue  from  advertisements  at  this 
day  suflicient  to  cover  all  probable  expense  of  the  publications  for  the  year.  They 
have  entered  into  a  contract  for  the  work,  and  expect  to  have  the  first  number  out 
about  the  middle  of  January,  1896.  The  Committee  reports  that  it  is  secure  in 
regard  to  good  matter  for  the  journal,  the  contents  of  which  will  come  under  three 
general  heads,  as  follows  : 

I.     Papers  and  Discussions. 
II.     Topical  Discussions. 
III.     Abstracts  from  Foreign  Technical  Papers. 

Charles  J.  Roney,  Secretary. 
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Association  of  Kniyineers  of  Vii*i>:inia. 


The  regular  fall  meeting  of  the  Association  of  Engineers  of  Virginia  was 
lield  in  Roanoke  on  Saturday,  November  23d,  at  3  p.m.  Tiie  meeting  was  called  to 
order  by  the  President,  Mr.  J.  C.  Rawn. 

A  paper  by  Prof.  D.  C.  Humphreys,  of  Le.xington,  Va.,  on  ''Stream  Measure- 
ments and  Water  Power  in  Virginia  and  West  Virginia,"  was  read  by  tlie  Secre- 
tary (in  the  absence  of  Prof.  Humphreys).  The  paper  was  particularly  interesting 
to  those  of  this  section  of  the  State.  Referred,  on  motion,  to  the  Publication 
Committee. 

A  paper  was  read  by  Prof.  L.  S.  Randol])!),  of  Blacksburg,  Va.,  on  "  Cement 
Testing,"  special  attention  being  given  to  the  efl'ects  of  heat.  The  results  were  in- 
teresting in  showing  that  some  cements  increased  and  some  decreased  in  strength 
from  the  effects  of  continued  heat.  Referred,  on  motion,  to  the  Publication  Com- 
mittee. 

Mr.  J.  C.  Rawn  gave  a  report  of  the  Oood  Roads  Convention,  which  met  in 
Richmond  in  October,  which  rei)ort  was  very  encouraging  in  that  it  showed  a  gen- 
eral interest  all  over  tiie  State  in  this  very  important  matter. 

Mr.  M.  E.  Yeatmau  moved  to  amend  .\rticle  IX  of  our  Constitution  and 
Rules,  changing  the  first  clause  from  "  These  rules  may  be  amended  at  any  annual 
meeting  by  a  two-thirds  vote  of  the  mendiers  present,  yiot  iss  than  Jifteen  voting  in 
the  affinnative,"  by  leaving  out  the  part  in  italics. 

Mr.  Wm.  M.  Dunlap  moved  that  Article  I  of  the  Constitution  be  changed  so  as 
to  read,  "This  Association  shall  be  called  'The  Association  of  Engineers  of  the 
Virginias.' "' 

Under  the  Constitution  these  two  motions  will  have  to  lay  over  until  the 
annual  meeting  in  January,  and  then  decided. 

Mr.  S.  A.  White  moved  that  a  committee  be  appointed,  with  power  to  act,  to 
investigate  the  matter  of  State  laws  in  leference  to  the  securing  of  claims  for  engi- 
neering services. 

Motion  carried,  and  Mr.  S.  A.  White,  Mr.  Wm.  M.  Dunlap  and  Mr.  H.  A.Gillis 
were  appointed  on  this  committee. 

Jno.  a.  Pilcher,  Secretary. 


Eng-ineevs"'  Clulo  of  St.  Paul. 


St.  Paul,  December  2,  1895. — A  regular  meeting  of  the  Civil  Engineers' 
Society  of  St.  Paul  was  called  to  order  by  President  Stevens  at  8.15  r.M.  Present, 
eleven  members  and  one  visitor. 

Minutes  of  previous  meeting  read  and  ajiproved. 

Mr.  James  D.  Du  Shane  was  elected  a  meniler. 

The  evening  programme  was  necessarily  waived,  but  several  members  volun- 
teered interesting  information. 

Mr.  Davenport  described  the  three  classes  of  earth  slides  which  occur  along 
the  Red  River  of  the  North.  The  most  remarkable  have  taken  place  two  or  three 
years  after  great  floods  (such  as  those  of  18S2  and  1893),  when  suddenly  vast  masses 
of  the  banks,  several  hundred  feet  wide  and  from  thirty  to  fifty  feet  high,  sink 
abruptly,  and  from  150,000  to  250,000  yards  of  the  deeply  underlying  clay  strata 
slide  into  the  river,  there  being  no  horizontal  movement  of  the  upper  mass. 
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Mr.  llilyard  mentioned  the  fact  that  a  pier  of  the  N.  P.  R.  R.  bridge,  at 
Bismarck,  glided  twenty-seven  inches  out  of  position,  presumably  on  a  bed  of  clay 
moistened  by  leakage  from  the  city  reservoir. 

Mr.  Crosby  described  his  recent  impressions  of  the  sugar  plantations  and 
levees  above  New  Orleans. 

Mr.  Estabrook  stated  that  a  saving  of  about  20  per  cent,  has  been  effected  by 
substituting  a  triple  for  a  double  expansion  engine  at  the  Washburn-Crosby  flour 
mills  in  Minneapolis.  C.  L.  Annax,  Secretary. 


Enafineers'  Clul)  of  St.  liOiiis. 


426th  Meeting,  Decembek  4,  1895. — The  annual  meeting  was  held  at 
1600  Lucas  Place,  with  twenty-three  members  and  three  visitors  present. 

President  Russell  called  the  Club  to  order  at  8.30  p.m.  The  Executive  Com- 
mittee reported  the  doings  of  its  200th  meeting.  Applications  for  membership 
were  announced  from  Walter  S.  Brown,  S.  F.  Crecelius  and  Ora  E.  Overjieck. 

Tlie  President  read  the  annual  report  of  the  Executive  Committee.  It  was 
approved  and  ordered  filed.  On  motion  it  was  ordered  that  the  Executive  Com- 
mittee be  authorized  to  arrange  with  the  Missouri  Historical  Society  for  an  exten- 
sion of  the  present  contract  for  a  term  not  greater  tiian  three  years,  on  the  same  or 
better  terms  than  heretofore. 

The  annual  reports  of  the  Secretary  and  Librarian  were  then  read,  and,  on 
motion,  accepted  and  ordered  filed. 

The  Treasurer  read  his  annual  report,  which  was,  on  motion,  referred  to  the 
Executive  Committee  to  be  audited. 

The  Standing  Committee  on  Eads  Monument  asked  to  be  continued.  So 
ordered. 

The  Committee  on  Boulevards  submitted  a  report  which  was  ordered  received 
and  the  committee  discharged. 

The  Committee  on  Library  submitted  a  report.  It  was  accepted  and  the  com- 
mittee continued. 

.\t  the  suggestion  of  Mr.  Bryan,  the  Committee  on  Boiler  Legislation  was  dis- 
charged, and  that  on  Standard  Ganges  for  Thickness  continued. 

The  Committee  on  Nominations  of  Officers  for  1896  reported  as  follows  : 

For  President — J.  A.  Ockerson. 

For  Vice-President — Edward  Flad. 

For  Secretary — William  H.  Bryan. 

For  Treasurer  -Thomas  B.  McMath. 

For  Librarian — \V.  A.  Layman. 

For  Directors— S.  P,.  Russell  and  Carl  Gayler. 

For  Representatives  on  the  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies — J.  B.  Johnson  and  W.  E.  Barns. 

.Additional  nominations  being  called  for,  B.  H.  Colby  and  N.  W.  Eayrs  were 
placed  in  nomination  for  Vice-President,  and  William  Bouton,  Julius  Baier,  M.  L. 
Holman  and  B.  L.  Crosby  for  directors. 

The  Secretary  acknowledged  the  receipt  of  a  copy  of  the  souvenir  prepared  by 
the  local  chapter  of  the  .\uierican  Institute  of  Architects  at  its  recent  convention 
in  this  city. 
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Ordered  that  tlie  Executive  Committee  arrange  for  a  siii)per  on  the  evening  of 
December  18tli. 

C.  H.  Sharman  tlien  read  a  [laper  prejjared  by  R.  J.  McCarthy,  of  Kansas 
City,  on  the  subject  of  smoke  prevention,  which  paper  had  already  been  read  by 
the  author  before  the  Engineers'  Club  of  Kansas  City.  It  was  an  able  and  ex- 
haustive presentation  of  the  subject,  and  was  discussed  at  some  length  by  Messrs. 
Bryan,  Kinealy,  Russell,  and  Wheeler.  Ordered  that  the  thanks  of  the  Club  be 
extended  to  both  the  author  and  reader  of  the  paper. 

Prof.  J.  H.  Kinealy  then  exhibited  a  new  form  of  draught  gauge,  which 
remedied  many  of  the  troubles  incident  to  the  ordinary  forms  of  apparatus. 

William  II.  Bryan,  Secretary. 


427th  Meeting,  December  18,  1895. — The  annual  dinner  was  given  at  the 
Mercantile  Club,  the  hour  of  the  meeting  being  7.30  v.  m.  At  8.15,  those  present  sat 
down  to  dinner,  President  Russell  occupying  the  chair,  with  forty-five  members 
and  six  visitors  present. 

After  justice  had  been  done  to  the  dinner.  President  Russell  called  the  club  to 
order,  after  which  the  Secretary  read  letters  of  regret  from  :  Horace  E.  Horton, 
President,  Western  Society  of  Engineers;  A.  F.  Noyes,  President,  Boston  Society  of 
Civil  Engineers ;  and  Augustus  Mordecai,  President,  Civil  Engineers'  Club  of  Cleve- 
land. He  then  read  the  report  of  tiie  20.)d  meeting  of  the  Executive  Committee, 
giving  the  result  of  the  letter  ballot  for  officers  for  1896  as  follows : 

For  President — J.  A.  Ockerson. 

For  Vice-President — Edward  Flad. 

For  Secretary — William  H.  Bryan. 

For  Treasurer — Thomas  B.  McMath. 

For  Director — M.  L.  Holman. 

For  Librarian — W.  A.  Layman. 

For  Members  Board  of  Managers  of  the  Association  of  Engineering  Societies — 
J.  B.  .Johnson  and  W.  E.  Barns. 

There  having  been  no  election  for  the  second  director,  the  committee  ruled 
that  the  oldest  director,  Mr.  Crosby,  retire,  and  Mr.  Bouton  continue  to  serve  until 
his  successor  was  elected.  On  motion  it  was  ordered  that  the  matter  of  election  of 
an  additional  director  be  deferred  until  the  next  meeting. 

Retiring  President  Russell  then  resigned  the  chair  in  favor  of  the  incoming 
president,  Mr.  J.  A.  Ockerson,  who  was  seated  at  the  opposite  end  of  the  table. 
After  brief  remarks.  President  Ockerson  called  on  Mr.  Russell  for  an  address,  which 
the  latter  then  delivered,  his  subject  being,  "  The  Work  of  Engineers'  Clubs." 
Other  addresses  were  afterwards  made  as  follows:  "Engineers'  Clubs,  Their  Best 
Fields  of  Usefulness,"  Robert  Moore;  "The  Engineer  at  Home  and  Abroad," 
Julius  Pitzman  ;  "The  Engineer  of  the  Future,"  Richard  McCulloch  ;  "  The  Asso- 
ciation of  Engineering  Societies,"  J.  B.  Johnson;  "The  Engineers'  Club  of  St. 
Louis,"  C.  M.  Woodward. 

Mr.  George  H.  Reynolds,  of  Chicago,  being  called  upon,  made  some  brief 
remarks  on  "  The  Standing  and  Character  of  the  Engineer."     Adjourned. 

William  H.  Bryan,  Secretary. 
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Teclinical  Society  of  tlie  Pacific  Coast. 


Regular  Meeting,  December  6,  1895. — Called  to  order  at  8.30  p.m.  by 
President  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 
Dr.  Willis  K.  Everette,  of  Tacoma,  Washington,  was  elected  to  membership 
by  regular  ballot. 

The  name  of  John  Cotter  Pelton,  Architect,  of  San  Francisco,  was  proposed 
for  membership  by  H.  T.  Bestor,  G.  W.  Percy  and  Otto  von  Geldern.  Referred  to 
the  Executive  Committee  for  action. 

In  compliance  with  Section  2,  Article  II,  of  the  By-Laws,  the  following  mem- 
bers were  duly  elected  a  Nominating  Committee  to  present  a  ticket  at  the  next 
regular  meeting  for  the  election  of  the  Society's  oflScers  for  the  ensuing  year: 
John  Richards, 
C.  E.  Grunsky, 
H.  C.  Behr, 
A.  d'Erlach, 
Ross  E.  Browne. 
Mr.  Otto  von  Geldern  explained  to  the  members  present  the  cyclotomic  method 
of  transit  observations,  introducing  a  novel  instrument  for  the  engineer's  use  in  the 
field. 

Mr.  John  Cotter  Pelton  then  read  the  paper  of  the  evening,  entitled  ''  Released 
Ashlar,"  submitting  for  discussion  the  problem  of  attaching  slabs  of  marble  to  the 
exterior  of  the  walls  in  building  construction,  in  wiiich  the  facade  is  simph'  orna- 
mented to  the  extent  of  a  marble  or  other  finish. 

This  paper  led  to  an  interesting  discussion,  which  occupied  the  evening  of  the 
meeting. 

It  was  ordered,  upon  motion,  that  the  paper  be  edited  by  the  Technical  Society 
and  submitted  for  publication  in  the  Jour>?al  of  the  Association  of  Engineer- 
ing Societies.     Adjourned. 

Otto  von  Geldern,  Secretary. 


Tlie  Civil  Engineers'  Clnb  of  Cleveland. 


Meetixi;  of  the  Civil  Engineers' Club  of  Cleveland  in  the  Assembly  Room 
of  the  School  Council,  December  10,  1895,  called  to  order  at  8  p.m.  by  President 
^Mordecai.  Present,  eighty-seven  members  and  visitors.  On  motion,  the  reading 
of  the  minutes  was  dispensed  with. 

Application  of  J.  S.  Covert  for  admission  as  Active  Member  was  read.  Re- 
port of  the  election  of  S.  E.  Tinkbam  as  Chairman,  and  J.  C.  Trautwine,  Jr.,  as 
Secretary  of  the  Association  of  F^ngineering  Societies,  was  read. 

The  speaker  of  the  evening,  Mr.  Geo.  De  Leval,  was  introJuced  by  the  Presi- 
dent, and  read  his  interesting  paper  on  "Crank  and  Fly  Wheel  versus  Direct  Com- 
pensating Pumping  P^ngines,"  illustrated  by  reference  to  blue  prints  of  different 
types  and  parts  of  engines. 

Discussion  was  engaged  in  by  Mr.  II.  G.  II.  Tarr,  Mr.  J.  F.  Holloway,  and 
others. 

Resolutions  were  adopted  thanking  the  School  Council  for  the  use  of  their 
room  for  the  evening,  and  thanking  Mr.  De  Leval  for  his  interesting  lecture. 

At  10  P.M.  adjourned.  F.  A.  CouvJi::;,  Secretary. 
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Montana  Society  of  Civil  Ensineers. 


Helena,  Mont. — The  regular  monthly  meeting  of  the  Montana  Society  of  Civil 
Engineers  was  held  Saturday  evening,  December  14th,  at  the  society's  headquarters 
in  the  Helena  Board  of  Trade  Rooms.  The  applications  for  membership  of  John 
Randolph  Parks  and  John  Cameron  Patterson  were  read,  and  the  Secretary  was 
directed  to  send  out  letter  ballots  to  the  members,  to  be  canvassed  at  the  next  regu- 
lar meeting. 

Charles  G.  GrifKth  was  elected  trustee,  to  fill  the  vacancy  caused  by  the  resig- 
nation of  Walter  S.  Kelley. 

A  letter  from  Prof.  J.  B.  Johnson,  Chairman  of  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  was  read.  It  stated  that  at  the  last  election 
of  the  Board,  S.  E.  Tinkbam,  of  Boston,  had  been  chosen  Chairman,  and  John  C. 
Trautwine,  Jr.,  of  Philadelphia,  Secretary.  President  Keerl  was  selected  to  draw 
a  set  of  resolutions  expressing  the  appreciation  of  the  society  for  Prof.  Johnson's 
untiring  work  for  the  good  of  the  Assoi.-iation  during  his  term  as  Chairman. 

Several  members  had  sent  written  discussions  of  John  H.  Farmer's  paper  on 
Water  Power  by  Electrical  Transmission  in  Relation  to  the  Mills  and  Manufactures 
of  Helena,  and  it  was  expected  these  would  be  read  at  this  meeting,  but,  owing  to 
the  importance  of  the  subject,  and  to  secure  a  fuller  discussion,  it  was  voted  to  have 
the  paper  and  the  discussions  now  on  hand  printed  in  full  and  sent  to  each  member 
of  the  society  and  to  others  interested  in  the  subject,  with  the  request  that 
they  each  send  a  written  discussion  to  the  Secretary  in  time  for  the  annual  meet- 
ing to  be  held  in  this  city  January  11,  1896,  at  which  time  a  number  of  engineers 
from  various  parts  of  the  State  will  be  present.  It  is  e.xpected  that  a  number  of 
engineers  will  give  this  matter  serious  consideration,  and  their  ideas  reduced  to 
writing  will  form  a  most  interesting  topic  for  discussion  at  the  annual  meeting. 

The  meeting  adjourned  to  January  11, 1896. 

F.  J.  Smith,  Secretary. 


Boston  Society  of  Civil   Engineers. 


December  18,  1895. — A  regular  meeting  was  held  at  the  Society  rooms,  36 
Broomfield  Street,  Boston,  at  7.45  p.m.  Past  President,  Frederic  P.  Stearns  in  the 
chair.     Eighty-three  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Joseph  S.  Craigue,  Arthur  W.  Dean,  Arthur  C.  Grover,  Joseph  P. 
Lyon,  Irving  E.  Moultrop,  Franklin  H.  Robbins,  George  G.  Shedd,  Gordon  H. 
Taylor  and  De  Witt  C.  Webb  were  elected  members,  and  Mr.  Heber  B.  Clewley  an 
associate  of  the  Society. 

Mr.  Fred.  Brooks,  for  the  Committee  appointed  to  prepare  a  memoir  of  Wil- 
lis H.  Hall,  submitted  its  report,  which  was  read  and  accepted. 

The  Chairman  announced  the  death  of  Horace  L.  Eaton,  a  member  of  the 
Society,  which  occurred  on  November  23,  1895,  and  on  motion  the  President  was 
requested  to  appoint  a  committee  to  prepare  a  memoir. 

The  thanks  of  the  Society  were  voted  to  the  Walworth  Manufacturing  Co.,  of 
Boston,  for  courtesies  shown  its  memiiers  on  the  occasion  of  the  visit  to  the  Com- 
pany's works  at  South  Boston  this  afternoon. 

The  following  resolution,  which  was  considered  at  the  last  meeting,  came  before 
the  Society  for  adoption : 
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Resolved,  That  tlie  Boston  Society  of  Civil  Engineers  earnestly  deprecate  the 
use  of  any  of  the  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urge  the  use  of  a  decimal  system  for  all  such  measurements. 

Mr.  A.  H.  Rowland  spoke  very  strongly  in  opposition  to  the  resolution.  Upon 
a  vote  being  taken,  eighteen  were  in  favor  of  its  adoption  and  two  against. 

Mr.  George  S.  Kice  then  delivered  an  informal  address  entitled  "Some  Notes 
Concerning  the  New  Croton  Aqueduct."  Mr.  Rice  gave  a  general  description  of 
the  work,  illustrating  tlie  important  features  by  over  100  bintern  views,  and  spoke 
in  more  detail  of  the  method  of  grouting  which  was  used  where  defective  work 
was  discovered  in  the  aqueduct. 

Adjourned.  S.   A.  Tixkham,  Secretary. 


Willis  II.  Hall.— A  Memoir. 


By  Frederick  Brooks,  A.  M.  Mattice  and  F.  W.  Deax,  Committee  of  the 
Boston  Society  of  Civil  Exgixeers. 


[Read  December  18,  1895.] 

Willis  H.  Hall,  son  of  Edward  B.  and  Ellen  N.  Hall,  was  born  December 
23,  1860,  at  West  Westminster,  Vermont.  His  ancestors  had  long  lived  in  New 
England  and  had  been  engaged  in  farming.  His  education,  after  leaving  the  common 
school,  was  obtained  at  the  Vermont  Academy,  at  Saxton's  River,  Vermont,  near 
his  home,  and  at  the  Polytechnic  Institute,  at  Worcester,  Mass.,  where  he  studied  for 
about  a  year.  He  was  employed  for  a  time  at  Hopedale,  Mass.,  but  his  principal 
occupation  was  in  the  office  of  E.  D.  Leavitt,  at  Cambridgeport,  where  he  was  em- 
ployed as  draughtsman  from  September  5,  1882,  to  September  1,  1888,  and  again 
from  December  28,  1891,  to  June  2,  1894.  He  also  did  some  professional  work  in 
San  PVancisco,  having  gone  to  California  to  get  the  benefit  of  a  mild  climate.  The 
latter  part  of  hi?  life  was  a  continued  struggle  with  that  prevalent  disease  of  New 
England,  pulmonary  consumption,  of  which  he  died  at  Fresno,  California,  August 
26,  1895. 

In  his  professional  work  he  was  conscientious,  thorough  and  intelligent,  always 
wanting  to  know  the  reason  why.  He  was  obliging  and  agreeable  in  all  his  inter- 
course, and  his  sterling  character  might  be  a  worthy  example  for  us  all,  though  his 
life  was  without  exciting  incidents  and  was  brought  prematurely  to  a  close. 

In  November,  1887,  he  married  Miss  Elmira  F.  Cobb,  of  Cambridge,  Mass., 
who  survives  him. 


Engineers'  Clnb  of  Minneapolis. 


Minneapolis,  Minn.,  December  23,  1895. — A  meeting  of  the  Engineers'  Club 
of  Minneapolis  was  held  at  the  office  of  the  City  Engineer,  City  Hall,  at  8  p.m:., 
the  President  in  the  chair. 

Minutes  of  previous  meetings  were  read  and  api)roved,  after  correcting  those  of 
last  meeting  relating  to  statement  of  indebtedness,  making  them  read  "  which  sura 
was  eutirelv  a  balance  due  to  the  Journal." 
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A  statement  was  again  made  of  the  account  due  for  the  Jou-rnai>,  of  the  money 
on  hand,  and  the  amounts  due  the  Club  from  its  members,  after  informal  discussion. 

W.  R.  Hoag  moved  tiiat  tlie  Secretary  and  Treasurer  be  instructed  to  send  to 
J.  C.  Trautwine,  Jr.,  Secretary  of  tlie  Association  of  Engineering  Societies,  Seventy- 
five  Dolhirs  ($75)  and  to  notify  him  that  the  balance  of  the  amount  already  due 
would  be  send  him  by  February  1,  189(i. 

Tiiat  from  January  1,  189G  (for  tlie  JouRXALof  1896),  a  new  mailing  list  will 
be  furnished,  and  that  Mr.  Trautwine  be  instructed  to  send  no  Journals  on  account 
of  this  Club,  to  any  one  not  upon  the  new  list. 

That  the  Secretary  place  no  name  on  tiie  new  list  until  tiie  money  is  paid  him 
for  the  Journal  of  1896.     Carried  unanimously. 

It  was  then  moved  that  the  Secretary  be  instructed  to  see  all  the  members  of 
the  Club  before  January  1,  1896,  and  ask  them  to  take  the  Journal  and  pay  him 
the  Three  Dollars  ($3)  in  advance,  or  send  in  their  resignations,  or  the  Club  will 
take  suitable  action  at  its  next  meeting.     Carried. 

G.  D.  Shepardson  moved  that  an  assessment  of  Three  Dollars  ($3)  be  levied 
on  each  member  of  the  Club  to  apply  on  the  Journal  for  1896.     Carried. 

On  motion  adjourned  to  meet  in  January,  as  the  annual  meeting  to  elect  ofiicers. 

Elbert  Nexen,  Secretary. 
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Norici:. 

Xotice  is  hereby  given  to  tlio  readers  of  this  Journal  that  after  tlie  eompletion  of  the  current 
voUime,  with  the  Peceniber  number,  1895,  this  Index  Department  will  be  discontinued.  This  action 
has  been  taken  by.the  Board  of  Managers  of  the  Journal  in  view  of  the  elaborate  and  more  com- 
plete index  to  current  engineering  and  ottier  technical  literature,  which  is  now  laiblished  in  the 
KiKjinKering  Mayazine.  Tlic  Journal  of  the  Association  of  Engineering  Societies  has 
maintained  this  Index  Department  for  tlie  past  eleven  years  at  an  annual  expense  for  composition, 
l)rinting  and  republication  in  the  annual  summary,  of  about  $1,000.  This  Index  has  been  entirely 
unique  in  its  characteristics,  but  within  the  last  few  months  the  Index  published  by  the  Engin- 
eerin;/  Magazine  has  been  prepared  directly  on  the  lines  which  have  been  followed  in  the  prepara- 
tion of  our  own  Index  Department.  Since  the  editor  of  that  journal  proposes  to  maintain  his  Index 
on  these  lines,  and  to  publish  an  animal  summary  as  a  separate  volume,  which  will  be  sold  sepa- 
rately from  the  Maga-.hir,  tlie  Board  of  .Managers  of  this  journal  has  decided  to  abandon  the  work, 
and  to  recommend  the  readers  of  this  journal  who  value  the  Index  Department  to  subscribe  for 
the  Engineering  Magn.-ine,  and  so  encourage  the  editor  of  that  journal  to  maintain  this  department 
in  an  adetjiiate  manner. 

The  editor  of  that  magazine  has  also  agreed  to  republish  the  index  notes  which  have  appeared 
in  this  journal  for  the  last  four  years  in  a  bound  volume,  similar  to  that  published  some  years  ago, 
oontaining  the  index  notes  for  the  seven  preceding  years. 

In  thus  taking  leave  of  the  many  friends  who  have  encouraged  the  manager  of  this  depart- 
ment in  the  past,  by  their  appreciative;  recognition  of  the  service  rendered  them  in  its  preparation, 
he  bespeaks  for  the  editor  of  the  Engineering  Magazine  the  same  kind   consideration  and  helpful 

assistance. 

J.  B.  Johnson, 

Manager  Index  Department,  Chairman  Board  of  Managers. 


The  repetition  of  titles  in  this  issue  of  the  annual  index  in  place  of  the  use  of  dashes,  as  here- 
tofore, is  due  to  the  use  of  the  linotype  machine  in  setting  the  type.  By  its  use  the  total  cost  of 
the  index  has  been  reduced  about  one-third. 
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to  in  the  Index. 
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UNITED  STATES. 

ANNUAL. 
American  Institute  of  Mining  Engineers,  Transactions  of  the  —  {Trans.  A.  I.  M.  E.), 

13  Burling  Slip,  New  York  ;  per  year,  S5. 
American  Society  of  Meclianical  Engineers,  Transactions  of  the  —  (Trans.  A.  S.M.  E.), 

12  West  Thirty-tirst  Street,  New  York. 
American  AVater  Works  Association,  Proceedings  of  Annual  Meetings  of  tlie  — 

(Am.  IF.  IF.  Ass'n.),  95  William  Street,  New  York  ;  per  year,  SI. 
Society  of  Naval  Architects  and  Marine  Engineers,  Transactions  of  tlie— (Trans. 

X.  A.  &  M.  E.),  W.  L.  Cai)ps,  Secretary,  1710  F  Street  N.  W.,  Washington,  D.  C;  $10  per  annual 

volume. 

QUARTERLY. 

Engineers'  Club  of  Philadelphia,  Proceedings  of  the  —  [Proc.  Eng.  C/ub  Phila.),  1122 

Girard  Street,  Philadelphia,  Pa. ;  per  year,  S2. 

New  England  "Water  Work  Association,  Journal  of  the  —  (Jour.  N.  E.  W.  IF.  Assn.),  New 

London,  Conn. ;  per  year,  S-  ;  single  copies,  75  cents. 
Scho»)l  of  Mines  (Quarterly  (^Sch.  Mines  quart.),  Columbia  College,  New  York  City,  per  year, 

$2;  single  copy,  .50  cents. 
Technology  Quarterly  and  Proceedings  of  the  Society  of  Arts  (Tech.  Quart.),  Massa- 

chu-setts  Institute  of  Technology,  Boston,  Mass. ;  per  year,  $:i. 
United  States  Naval  Institute,  Proceedings  of  the  —  (Proc.  U.  S.  N.  I.),  United  States  Naral 

Institute,  Annapolis,  Md.;  per  year,  S:{.50  ;  single  copy,  $1. 

(i) 
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MONTHLY. 

SOCIETIKS. 

American  Institute  of  Electrical  Kngineers,  Transactions  o    the  —  {Trans.  A  I.  E.  E.), 

12  \V("~t  Tliirly-lirst  Street,  New  York  City. 
.American  Society  of  Civil  Engineers,   Transactions  of  the  —  {Trans.  A.  S.  C.  E.),  127 

East  Twenty-tliini  Street,  Xew  York  ;  per  year,  $l(i. 
Association  of  Engineering  Societies,  Journal   of  the  —  {Jour.  Assn.  Eng.  Socs.),  Phila- 

delpliia  ;  per  year  S3  ;  siuj^le  copy,  30  cents. 
Engineers'  Society  of  AVestern  Pennsylvania,  Proceedings  of — [Proc.  Eng.  Soc.  W.  Pa.), 

.•VUejlieiiy,  Fa ;  per  year,  SV  ;  single  copy,  75  cents. 
Franklin  Institute,  Journal  of  the  —  {Jour.  Fi-atik.  /;w/.),  Franklin  Institute,  Pbiladelphis, 

Pa. ;  per  year,  $5 ;  single  copy,  .50  cents. 

Periodicals. 

American  Engineer  and  Railroad  Journal  {Am.  Eng.  it-  P.  R.  .Jour.),  47  Cedar  Street,  New 

York  ;  per  year,  S3;  single  copy,  25  cents. 
Cassier's  Magazine  {Cassier),  World  Building,  New  York  ;  per  year,  $-3;  single  copy,  25  cents. 
Clay  Worker  {CItig  W.),  Indianapolis,  Ind.;  per  year,  S2.0O. 
Engineering  Magazine  (i^jig'.  J/a*?.),  47  Times  Building,  New  York;  per  year,  83  ;  single  copy, 

25  cents. 
Engineering  Mechanics  {Eng.  Mech.),  430  Walnut  Street,  Philadelphia,  Pa.;  per  year,  SI ;  sin- 
gle copy,  10  cents. 
Irrigation  Age  {Irrigation  Age),  Chicago,  111.;  per  year,  S2. 
Master  Steam  Fitter  {Mst.  Sim.  Filler),  218  La  Salle  Street,  Chicago,  111.  ;  per  year,  SI ;  single 

copy,  10  cents. 
Municipality  and  County.   The  —  (Munic  A  Co.)  Niagara  Publishing  Co.,  202  Main  St.,  Buffalo, 

N.  Y.;  per  year,  S2. 
Paving  and  Municipal  Engineering  (Par.  d:  Munic.  Eng.),  Municipal  Engineering  Co.,  44 

Chamber  of  Commerce,  Indianapolis,  Ind.;  per  year,  32;  single  copy,  25  cents. 
Povrer  {Power),  World  Building,  New  York  ;  per  year,  SI ;  single  copy,  10  cents. 
Railway  Engineering  and  Mechanics  {Pp.  E.  <fc  M.),  816  The  Rookery, Chicago, 111.;  per  year, 

SI  ;  single  copy,  10  cents. 
Safety  Valve  {Sg.  Valve),  55  Liberty  Street,  New  York;  per  year,  SI ;  single  copy,  10  cents. 
Street  Railway  Journal  {Si.  Py.  Jour.),  World  Building,  New  York;  per  year,  S4  ;  single  copy, 

3o  cents. 
Stone  {Stone),  Chicago;  per  year,  S2  ;  single  copy,  25  cents. 
Street  Railway  Review  {St.  Ry.  Pev.),  269  Dearborn  Street,  Chicago,  111.;  per  year,  S'2 ;  single 

copy,  25  cents. 

WEEKLY. 
American  Architect  {Am.  Arch-l,  Ticknor  &  Co.;  211  Tremont  Street,  Boston,  Mass.;  single  copy, 

15  cents. 
American  Machinist  {A7n.  J/nc^.),  96  Fulton  Street,  New  York;  per  year,  S2;  single  copy,  10 

cents. 
Boston  Journal  of  Commerce  {Bo.^.  Jour.  Com.),  128  Purchase  Street,  Boston,  Mass.;  per  year, 

S3;  single  copy,  6  cents. 
Electrical  Engineer  (Elcc.  Engr.),  203  Broadway,  New  York  ;  per  year,  S3. 
Electrical  AVorld  {Elec.  World),  177  Times  Building,  New  York;  per  year,  S3  ;  single  copy,  10 

cents. 
Engineering  and  3Iining  .Journal  {E.  &  M.  Journal),  253  Broadway,  New  York;  per  year,  S5  ; 

single  copy,  15  cents. 
Engineering  News  {Eng.  ycw.'t),  Tribune  Building,   New  York  ;  per  year,  $5 ;  single  copy,  15 

cents. 
Engineering  Record  {E)ig.  Pec),  277  Pearl  Street,  New  York ;  per  year.  So  ;  single  copy,  12 

cents. 
Railroad  Gazette  (A*.  H.  Gaz.),  .'52  Park  Place,  New  York  ;  per  year,  S4.20  ;  single  copy,  10  cents. 
Scientitic  American  .Supplement  (Sci.  Am.  Sup.),  3G1  Broadway,  New  York;  per  year,  S5; 

single  copy,  10  cents. 
Electric  Railway  (lazelte  (A'/tr.  Ry.Oaz.),  Monadnock  Block, Chicago  ;  per  year,  S3;  single  copy, 

25  cents. 
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CANADA. 

Canadian  Society  of  Civil  Engineers,  Transactions  of  the —  {Trans.  Can.  Soc.  C.  K), 
McGill  University,  Montreal. 

GKEAT  IJKITAIN. 

Electrical  Review  {Elec.  Rer.),  22  Paternoster  Row,  London,  IC.  C;  weekly;  per  year,  21s,  8d; 

single  copy,  4d. 
Engineer,  The  —  (Lon.  Engineer),  London,  England  ;  weekly  ;  per  year,  $10  ;  single  copy,  2,'5  cents. 
Engineering  (Lon.  Eng.),  London,  England  ;  weekly  ;  per  year,  $10  ;  single  copy,  25  cents. 
Engineering  Review  (Eng.  Itei'.),  29  Great  George  Street,  S.   VV.,  England  ;  monthly  ;  Single 

copy,  6d. 
Institution  of  Civil  Engineers,  Proceedings  of  the  —  [Proc.  Inst.  C.  E.),  25  Great  George 

Street,  Westminster,  S.  W.,  London,  England. 
Institution  of  Mechanical  Engineers,  Proceedings  of  the  —  {Proc.  Inst.  Mech.  Engs.),  10 

Victoria  Street,  Westminster,  S.  W.,  London,  England. 
Mechanical  World  (il/ecA.  IForft?),  Jlanchester,  England;  weekly;  per  year,  8s,  8d. 
Practical  Engineer  {Prac.  Engr.),  2  Amen  Corner,  London,  E.  C,  England ;  weekly ;  pei  year, 

IDs. 
Railway  Engineer  {Ry.  Eng.),  8  Catherine  Street,  Strand,  W.  C,  London,  England  ;  monthly  ; 

single  copy.  Is. 

INDIA. 

Indian  Engineer  {Ind.  Engr.},  Calcutta,  India  ;  per  year,  20  Rs. 

Indian  Engineering  {Ind.  Engng.),  Calcutta,  India,  weekly  ;  per  year,  18s ;  single  copy,  8  annas. 

FRANCE. 

Ponts  et  Chaussees,  Annales  des  —  {Annates  des  P.  &  C),  monthly,  Vve.  Ch.  Dunod,  49  Quai 

des  Augustins,  Paris,  France. 
Societe  des  Ingenieiirs  Civils,  Meinoires  de  la  —  (Mcms.  Soc.  Ing.  Civils),  monthly,  10  Cite 

Rougement,  Paris. 

GERMANY,  AUSTRIA  AND  STV^ITZERI^AND. 

Archiv  fur  Eisenl)ahnwesen  {Arch.f.  Eisenbw.),  bi-monthly,  Julius  Springer,  Berlin,  Germany  ; 
per  year,  12  marks. 

Civilingenieur,  Der  —  {Oiv.  Ing.),  monthly. 

Deutsche  Bauzeitung  {Deutsche  Bztg.),  semi-weekly,  Berlin,  Germany;  per  year,  12  marks. 

Journal  fur  Gasbeleuchtung  und  Wasserversorgung  {Jour.f.  Gasb.  u.  Wasserv.),  three 
times  a  month,  11  Gliickstrasse,  Munich,  Germany  ;  per  year,  20  marks. 

Praktische  Maschinen-Constructeur,  Der — {Pr.  Msch.  Onstr.),  bi-weekly,  Leipzig-Gohlis, 
Germany  ;  per  year,  16  marks. 

Schvt'eizerische  Bauzeitung  {Schw.  Bztg.),  German  and  French,  32  Brandscheukestrasse, 
Zurich 

Zeitschrift  des  Oesterreichischen  Ingenieur  und  Architekten  Vereins  {Ztsch.  Oest.), 
weekly. 

Zeitschrift  des  Vereines  Deutscher  Ingenieui-e  {Ztsch.  Ver.  Ing.),  weekly,  Berlin,  Ger- 
many ;  per  year,  32  marks. 
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ACCUMULATORS,  Uses  of  . 

Extended  serial  discussion  of  past  developments,  present  uses  and  future 
probabilities.    J.    C.    Howell.— Elec.  Rev.,  May  24,  1805,  p.  660,  et  seq. 

ACOUSTICS   of  Buildings. 

Extensive  article  concerning  principles  Involved  and  suggested  details 
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p.   65,  et  seq. 
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Experiments  in  ,  by  Hiram  S.  Maxim.     Paper   read    before    the    Soc.    of 
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A  paper  on  the  use  of  compressed  air,  by  Prank  Richards,  read  before 
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Oct.  19,   1895,  p.  298. 

AIR,  Compressed  Dreds'ingf  by  Means  of  . 

See  DREDGING. 

AIR,   Compressed   , 

As  used  in  the  shops  of  the  Delaware,  Lackawanna  and  Western  Railroad, 
at  Buffalo.    Illustrated.    F.  M.  Wilder.  — R.  R.  Gaz.,  Jan.  4,  1895. 

AIR,    Compressed   . 
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advocated  by  G.  D.  Hiscox.  — Sci.  Am.  Sup.,  Feb.  23,  1895. 
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1894. 

AIR.   Compressed   . 

Size  of  piping  for ,  by  Frank  Richards.  —Prac.  Engr.,  Feb.  15,  1895. 

AIR  COMPRESSOR,  A  New   . 

Description  and  details  of  the  New  York  Air  Brake  Co.'s  machine.  Illus- 
trated.—Eng  News,  .rune  <!,  189.",  p  374. 

AIR  COMPRESSORS,  The  Valves  for  . 

A  paper  by  G.  Pearl,  read  before  the  Society  of  Engineers  at  Ruhr,  giving 
a  complete  treatment  of  hbw  to  design  and  compute  the  dimensions  of  the 
valves  for  an  air  <ompressor.  The  paper  is  illustrated.— Ztsch.  Ver.  Ing., 
April  20,  1895. 
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AIR  PUMPS. 

Abstract  of  paper  on  the  design  of  Air  Pumps,  by  F.  H.  Bailey,  U.  S.  N., 
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action.  Chas.  W.  S.  Seymour —Jour.  N.  E.  W  W.  Ass'n.  Vol.  ix.  No.  4, 
p  223,   (185). 
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See  BRIDGE. 
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ARCHITECTURAL,   CONSIDERATIONSof  tlie  Design  of  Stone  Bridges. 
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ARCHITECTURE. 

The  new  City  Hall  of  Gelsenklrchen.  Article  by  E.  Endler,  the  architect  of 
the  building.  It  is  accompanied  by  excellent  illustrations.  —Deutsche  Bztg., 
Jan.  5,  1895. 

ARCHITECTURE,    English    Arcliitects  and 

Their  contemporary  achievements  and  teachings.  Fully  illustrated.  — Eng. 
Mag.,  Vol.  X,  No.  2,  pp.  203-226  (1895). 

ARCHITECTURE  in  France. 

Characteristic  features  of  recent  structures.  Their  influence  on  American 
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ARCHITECTURE;    Modern    Cliurch    . 

The  necessity  of  the  artistic  quality.  How  it  is  and  how  it  should  be  de- 
veloped and  treated.  Illustrated  seerial.  Barr  Ferree.— Am.  Arch.,  Oct.  5, 
1895,  p.  3,   et  seq. 

ARCHITECTURE   of  Modern   Hospitals. 

Numerous  examples  given  of  present  practice.  Well  illustrated.  E.  C. 
Gardner.  —Eng.    Mag.,    Vol.    IX,    No.  6,  p.   1086  (1895). 

ARCHITECT!  RE   of  Municipal   Buildings. 

]Materials  and  style  as  affected  by  their  purpose,  situation  and  use.  Illus- 
trated extensively  from  American  and  foreign  cities.  E.  C.  Gardner.  —Eng. 
Mag.,  Jan.,  lsn.->. 

ARCHITECTIRE    of   Ilailroad    Stations. 

Its  development  in  the  U.  S.  Reference  to  and  illustrations  of  many  sta- 
tions in  this  country  and  Europe.  Bradford  L.  Gilbert.  —Eng.  Mag.,  Vol. 
IX,   No.   4,   p.    G49   (1895.) 

ARCHITECTURE    of   the   I  iiivcrsity    of  Virginia. 

The  influence  of  Thomas  Jefferson  on  iilans  an<l  details.  —Am.  Arch.,  Jan. 
19,  1895. 
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ARCHITECTURE,   School   . 

Numerous  examples  of  modern  construction.  Kxtensively  illustrated.  B. 
C.  Gardner.  — Eng.  Mag.,  Vol.  X,   No.  3,  p.  478. 

ARCHITECTURE;  Tlie   Colonial   Style  of  . 

History,  principles  and  examples.  Illustrated.  William  Danmar.  —Tech. 
Quart.,  Vol.  VII.,   No.  4,   p.  324  (1894). 

ARMOR,  Face  Hardoncd    . 

Extensive  discussion  concerning  its  history,  manufacture,  cementation, 
hardening,  and  the  theory  of  resistance.  Well  illustrated.  Lieut.  A.  A. 
Ackerman,   U.   S.   N.     With  discussion.  — Proc.  U.  S.  N.  I.,  Vol  XXI,  No.  1. 

ARTESIAN    WELLS;    Power    Prom   . 

Examples  of  wells  having  a  high  pressure  which  is  utilized  for  mechanical 
purposes.  Illustrated.  A.  L.  Baumgartner.— Gassier,  Vol.  8,  No.  6,  p.  547 
(1895). 

ASPHALT. 

See  PAVEMENTS,  PAVING. 

ASPHALT  Pavement  Repairs. 

See   PAVEMENT. 

ASPHALT  Pavements. 

Cost  of  repairs  in  Buffalo  average  714  cents  per  yard.  Table  and  comments. 
—Eng.  Rec,  May  25,  1895,  p.  4G1. 

ASPHALT  PAVEMENTS   in   Enrope. 

The  usual  road  made  of  an  asphaltic  limestone,  ground  and  spread  over 
beton.  Differences  between  European  and  American  practice.  S.  F.  Peck- 
ham.  — Pav.   and    Munic.    Eng.,   Vol.  VIII.,  No,  6  (1895),  p.  325. 

ASPHALT  PAVING. 

The  practice  of  twelve  different  cities  concerning  base,  binder,  cost  and  gen- 
eral details.  —Eng.    News,   Jan.   10,  1895. 

ASPHALT  PAVING  in  New  York  City. 

Its   proposed  extension,    wth   reasons.  — Eug.  News,  May  30,  1895,  p.  351. 

ASPHALT,  Tests  of  . 

How  to  determine  its  quality.  Opinions  from  nearly  a  dozen  cities,  show- 
ing the  necessity  of  chemical  tests,  and  reporting  that  expert  mechanical 
treatment  is  an  equal  necessity  and  that  time  in  service  is  the  only  ulti- 
mate   criterion.    —Pav.    and    Munic.     Eng.,  Feb.  1895. 

ASPHALTS,  and  Bitumens. 

A  lecture  by  Samuel  P.  Sadtler.  before  the  Brooklyn  Institute.  — Jtour. 
Frank.  Inst..  Sept.  1895,  p.  198. 

ASPHALTUM  and  Bitnminons  Rock   of  California. 

The  varied  and  most  valuable  deposits,  with  characteristics  and  analyses 
of  some  of  the  most  important.  Clifford  Richardson.  —Pav.  and  Munic. 
Eng.,  Vol.  IX,  No.  1,  p.   10  (1895.) 

ASPHALTUM,  California  . 

Occurrence,  properties  and  importance  ftor  paving  purposes.  Clifford  Rich- 
ardson. —Pav.   and   Munic.    Eng.,   Vol.  IX,  No.   1,  p.  10. 

ASTRONOMY;  Studies  in  Spherical  an«l    Practical   . 

Exposition  of  methods  for  their  treatment  as  found  useful  in  work  with  in- 
struments and  in  reduction  of  data  derived  therefrom.  George  C.  Corn- 
stock.  —Bulletin,  Univ.  of  Wis.,  Vol.  1,   No.   3,   pp.   57-107   (1895.) 

AXLES.  Stresses  in   Car  . 

Extended  discussion,  with  application  of  deductions  to  the  design  of  the 
axles.  — R.  R.  Gaz.,  April  26,  1895. 

BALL  BEARINGS 

By  W.  H.  Booth.    Illustrated.  — Prac.  Eng.,  May  24,  1895,  p.  -iOO. 

BALL  BEARINGS,   Rolling  Machine   for  . 

With  illustrations  of  application  of  ball  bearings  to  wagon  and  car  axles. 
— Lon.  Engineer,  March  1,  1895. 
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BASE-LINE  Measurement. 

See  GEODETIC  SURVEYING. 

BATTERY,  Slornse   . 

For  lightiiifj  and  street  railway,  Merrill,  Wis.  G.  Herbert  Condict.  — Elec. 
World,   Jan.  26,   1S95.    St.  Ry.  Gaz.,  Jan.  26,  1895. 

BATTERY,  Storage   . 

Historical  review,  and  an  account  of  many  of  the  present  batteries  and  of 
their  action  and   parts.    Illustrated.    J.  Appleton.  —Elec.  World,  Jan.  5,  1895. 

BATTERY,  Storage    . 

The  Syracuse  Storage  Battery  for  traction,  central  stations  and  private 
use.    Illustrated.  —Elec.  Eng.,  Dec.  5,  1894. 

BATTERY,  Storage    ,  tlie  Hess   . 

Illustrated.  —Elec.  Eng.,  Dec.   12,  1894. 

BATTERY,  Storage  . 

Use  of as  auxiliaries  to  electric  lighting  plants  in  office  buildings.  Il- 
lustrated. Paper  read  by  Chas.  Blizard  before  the  Northern  Soc.  of  Elec. 
Engrs.  —Elec.  Eng.,  Nov.  6,  1895,  p.  441. 

BEACON  ToTfer,  Concrete  . 

On  the  Plateau  of  Horaine  off  the  coast    of    France.      Plans    and    methods 

used  in  construction  on  this  exceptionally  exposed  reef.  Illustrated.  — Scl. 
Am.  Sup.,  March  9,  1895. 

BEAMS,  the  LaTvs  of  Flexnre  of  . 

A  description  of  an  apparatus,  devised  by  James  L.  Greenleaf,  for  experi- 
menting on  beams,  and,  also,  the  results  of  experiments  to  determine  the 
law    of    flexure.  —Jour.    Frank.    Inst..  July,   1895. 

BEARING.  Adjusting  the    of  Connecting  Rods. 

A  method  of  adjusting  the  bearings  of  journals  by  the  use  of  small  hard- 
ened steel  balls.  Suggested  by  Charles  W.  Hunt.  —Trans.  A.  S.  M.  E.,  Vol. 
XV  (1894),  p.  751. 

BELT,  Q,uarter-Turn  . 

Methods  of  turning  power  round  a  corner  by  belting.  By  D.  N.  Ricker. 
Illustrated.  —Power,    March,    1895. 

BELT  SHIFTERS,  Electric  . 

Illustrated  description  of  automatic  electric  belt  shifters.  By  H.  V.  Parsall, 
Jr.  —Elec.  Eng.,  Dec.  12,  1894. 

BELT  Trnnsniission. 

See   POWER. 

BELTING,  Cements  for  Joints  in   . 

Compositions    of . — Power,    Dec,  1894. 

BELTING,   Notes   on   . 

Rules  to  be  observed  in  the  use  of  belting  so  as  to  abtaln  the  greatest 
economy    of    expenses.    Fred  W.    Taylor.  —Trans.  A.  S.  M.  B.,  Vol  XV. 

BELTING,  Strength   of  Leather  . 

Results  of  tests  made  under  the  direction  of  Prof.  Chas.  H.  Benjamin.  Il- 
lustrated. —Am.  Mach.,  Nov.  14,  1895,   p.   911. 

BELTING,  AViilth  of   . 

For  any  required   horse  power.    By  J.  L.  Bixby.  —Power,  Dec,  1894. 

BENCH  MARKS.  Elevations   of . 

Description  and  elevations  of  bench     marks    along    the    Mississippi     River 
above  Keokuk,   Iowa.  —Report  Chief  of  Engineers,  U.  S.  A.,  1894,  p.  2758. 
BETON.   The   Elasticity   of  . 

An  article  oy  C  Brich,  in  which  a  long  series  of  rests  of  beton,  with  ref- 
erence to  its  elasticity,  is  described.  The  apparatus  used  is  described 
and  illustrated,  and  altogether  the  paper  is  a  very  interesting  one.  — Ztsch. 
Ver.  Ing.,  April  27,  1S95. 

BOAT,    an    Ampliihions    . 

The  boat  Svanen,  which  steams  on  two  Danish  lakes  and  crosses  the  isth- 
mus between  them  on  a  railway  having  a  grade  of  1  In  50.  Illustrated.— 
Don.  Engineer,  Oct.   11,  1895,  p.  370. 
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BOATS,  Jiew  Tori>erto  . 

Illustrated  description  of  the  engines  and  boiler  of  the  new  torpedo-boats 
of  the  United  States.  — Amer.  Eng.  &  R.  R.  Jour.,  Oct.,  1895,  p.  465. 

BOATS,  Traction  of    . 

Conditions  affecting  resistance  and  cost,  results  of  experience  and  differ- 
ent methods  compared.  W.  H.  Wheeler.  — Lon.  Engineer,  April  12,  1895 
•t  seq. 

BOILiE^R  antl  E^u^ine. 

Testing,  by   Chas.   Day,    London,   Eng.  — Prac.  Engr.,  Dec.  7,  1S94. 

B0ILE:R  Atteinlant.s. 

Extracts  from  the  "Instructions  to  Boiler  Attendants,"  issued  by  The 
Manchester   Steam   Users'    Association.  —Am.  Eng.  &  R.  K.  Jour.,  Jan. ,1895. 

BOILER,  Develouinent  of  tli«'  Mnriin' . 

Paper  by  J.  M.  Dewar.  —Prac.  Engr.,    Nov.    29,    1895,   et  seq. 

BOILER  Elxplosions, 

Causes  of  weakness  capable  of  being  learned,  and  prevention  possible  by 
rigid  inspection.  Editorial,  with  diagrams.  —Eng.  News,  June  27,  1895, 
p.  420. 

BOILBR    Explosions. 

General  treatment  of  the  subject  in  its  broad  engineering  aspect.  W.  H. 
Fowler.— Proc.   Inst.,    C.    E.,    Vol.    CXX,  p.  152  (1895). 

BOILER,  Explosion   of  . 

Description  of  a  boiler  explosion  at  Woburn,  Mass.,  by  which  five  men 
were  killed  and  twelve  injured.  —Safety  Valve,  April  15,  1895. 

BOILER  FURNACE  Mechanical  Draft   for  . 

Paper  read  beftore  the  Western  Soc.  of  Engrs.  of  New  York,  by  H.  B. 
Prather.  —Power,   Sept.,   1895,  p.  19. 

BOILER  Making^. 

Present  practice  in  punching,  planing,  flanging,  shearing,  riveting,  flue-set- 
ting and  all  the  various  processes.  Extensive  illustrations  of  machinery 
used.    By  William  O.  Webber.  —Gassier,  March,  1895. 

BOILER  Plates. 

Investigation  of  the  strength  of  flat  boiler  plates  by  Prof.  C.  Bach  of  Stutt- 
gart. Condensed  statement  of  tests,  with  discussion  of  results  and  derived 
formulae.     Illustrated  serial.  — R.  R.   Gaz..  Dec.  20,  1895,  p.  837,  et  seq. 

BOILER  PLATES;    Transmission    of   Heat  Tlirongli . 

Discussion  of  formulae,  and  the  question  whether  it  varies  as  the  thick- 
ness of  the  plate,   or  as  its  square.  —Eng.   Rec,  Aug.  10,  1895,  p.  192. 

BOILER  Setting. 

Design  of  brick  setting  for  externally  fired  boilers.  Illustrated.  George 
H.    Barrus.  —Eng.    Rec,    May   4,    1895,    p.    406. 

BOILER  SHELL  Drilling  Machines. 

History  and  consideration  of  different  drills  and  of  speed  and  rate  of 
feed.  By  S.  Dixon,  with  extended  discussion.— Proc.  Inst.  Mech.  Engrs., 
Oct.,  1894,  p.  506. 

BOILER;  the  Nichansse  Water  Tnhe . 

Extended  description,  with  details  of  a  test.  Mark  Robinson.  — Lon.  Eng., 
July  19,  1895,  p  93. 

BOILER  TRIAL 

of  the  Hogan  Boiler  Company  at  Middletown,  N.  T.,  with  illustrations  of 
boiler   plant.— Power,    May,    1895,    p.  6. 

BOILERS. 

See  CORROSION.  DRAFT,  GRATES,  ELECTRIC  LIGHT  BOILERS, 
MOISTURE,  PIPE  COVERINGS,  STEAM,  STEAM  ENGINE,  WATER 
WORKS. 

BOILERS,    Corrosion   of   . 

See  CORROSION. 
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BOILERS,  Corrosion  of  Tubes   «»f   . 

A  physical  explanation  of  the  rapid  corrosion  of  steel  boiler  tubes,  by 
W.  H.  Gibbons.  President  Parkesburg  Iron  Co.  —Am.  Eng.  &  R.  R.  Jour., 
April.    ISa'). 

BOILBRS;   Conplingr  . 

The  feasibility  of  coupling  boilers  of  different  systems  demonstrated.  Il- 
lustrated by  so  doing  with  a  water-tube  and  a  return-tube  boiler.  Pierre 
Sigandy.  — Lon.    Engineer,    June    21,  1895.   p.   538. 

BOII.KRS,  Defect.s  in  Steam   

Report  of  a  committee  of  the  Austrian  Association  of  Engineers  and  Ar- 
chitects to  determine  the  defects  ordinarily  found  in  boilers.  —Safety 
Valve.   April  15,   1895.     Mech.    World,  April  12,   1895,  et  seq. 

BOILERS,   Deteriorution   of  Locomotive    and    Marine    Due    to    Expan- 
sion. 

Article  by  Herr  Lentz,  with  suggestions  for  lessening  the  deterioration. 
—Am.  Eng.   &  R.   R.  Jour.,  March,   1895.  et  seq. 

BOILERS;   Down   Dranglit   Pnrnace   for   Steam . 

See  FURNACE. 

BOILERS,  Draft  in    — . 

Method  of  regulating  the  mechanical  draft  of  boilers  automatically,  by 
which  the  steam  pressure  is  kept  constant.  Illustrated.  —Power,  May, 
1895,   p.   8. 

BOILERS,   Economic    Tests    of   . 

Results  of  tests  of  a  beam  engine  and  two  Lancashire  boilers,  by  Lavington 

E.  Fletcher.  — Prac.   Engr.,    Dec.    13,   1895,   p.  512. 

BOILERS.   Economic   Tests   of  . 

Results  of  tests  on  Babeock  and  Wilcox  boilers,  by  Lavington  E.  Fletcher. 
—Prac.  Engr.,  Dec.  20,  1895,  p.  530. 

BOILERS  Efficiency  of  

A  criticism  on  the  present  method  of  reporting  b'oiler  trials.     Paper  read  by 

F.  W.  Dean,  at  the  Detroit  meeting  of  the  A.  S.  M.  B.  —Safety  Valve, 
July  15,   1895,  p.   15. 

BOILERS   Efficiency   of   

Paper,    read   at    the   Detroit   meeting  of  the  Am.  Soc.  M.  E.,  by  F.  W.  Dean. 
—Power,  July,   1895,  p.   14. 
BOILERS,  Efficiency  of   . 

Results  of  experiments  made  under  varying  rates  of  fuel  combustion  dis- 
cussed by  A.  C.  Carpenter.  Illustrated  by  diagrams.  —Power,  Dec,  1895, 
p.  IG. 

BOII/ERS;  Experiments  on  Locomotive . 

Extensive  tests  in  France  to  determine  the  effect  of  length  and  construc- 
tion of  tubes  upon  evaporative  power  and  efficiency.  Serial,  by  M. 
Henry.  —Lon.   Engineer,   July  12,   1895,  p43,   et  seq. 

BOILERS,   Explosions    of   , 

A  paper  by  W.  H.  Fowler,  read  before  the  Institution  of  Civil  Engineers,  in 
which  is  given  tables  showing  the  stored  energy  for  various  types  and 
sizes  of  boilers,  and  different  steam  pressure.  —Prac.  Eng.,  Oct.  4.,  1895,  et 
seq. 

BOILERS,   Explosions    in    Kitchen   , 

Experiments  showing  that  explosions  are  caused  by  a  closing  of  outlets,  the 
safety  valve  being  a  perfect  safeguard.  Boilers  heated  red  hot  and  then 
filled  with   water  do  not  explode.  —Am.  Arch.,  Jan.  26,  1895. 

BOILERS,  Explosions   of   . 

Their  causes,  with  especial  consideration  of  the  Shamokin  disaster.  John  L. 
Gill,   Jr.  — Proc.    Eng.   Club,   Phila.,  Jan.,  1895. 

BOILERS,  Explosion  of   in  France,     Statistics    of   . 

Article  by  Prof.  R.  C.  Carpentor.  —Safety  Valve,  Dec.  15,  1894. 
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BOILERS  FnriiJices  for  Steam    . 

The  down  draft  furnace  for  steam  boilers,  by  W.  H.  Bryan.  Paper  read  at 
the  Detroit  meeting-  of  the  A.  S.  M.  E.  —Am.  Eng.  and  R.  R.  Jour..  Aug., 
1S95.    p.    3G9. 

BOILERS,  Induced  Draft   on   Marine    . 

Paper  by  W.  A.  Martin,  read  before  the  Institution  of  Naval  Architects,  in 
which  is  given  the  results  Of  experiments  with  forced  and  induced  draft. 
— Prac.   Engr.,   June  7.    1895. 

BOII/ERS.   Locomotive   . 

Efficiency  of .    Tests  by  George  Marie,    in    France,    showing   influence   of 

arches  in  firebox,  length  and  blast  on  combustion,  on  efficiency  of  boiler  and 
on  temperature  of  the  smokebox.  Illustrated  abstract  of  valuable  investiga- 
tions. — R.  R.  Gaz.,  Jan.  2.5,  IS!)."). 

BOILERS,  Locomotive   . 

Steel  for  fireboxes  and  boiler  shells,  with  tests,  forms  and  sizes  of  tubes  and 
their  effects,  incrustation  and  system  of  boiler  feeding  and  smokebox  ar- 
rangement, and  its  effect  in  European  locomotives.  Abstract  of  Bulletin  of 
International  Railroad  Congress  Commission.  — R.  R.  Gaz.,  Jan.  11,  189.5. 

BOILERS,  Locomotive   . 

Their  power  and  efficiency,  ,/ith  especial  attention  to  the  question  of  grate 
areas.  — R.   R.   Gaz.,   March  29.   1895. 

BOILERS,  Losses  In   

And  their  causes.  Abstract  of  paper  read  \>y  D.  Ashworth  before  Am.  Soc. 
of  M.  E.  —Safety  Valve,  Dec.  15,  1894. 

BOILERS,  Mechanical    Stokers   for . 

Coal  handling  machinery  and  mechanical  stokers  for  boiler  plants.  Il- 
lustrated. —Power,    May,    1895,   p.    1. 

BOILERS;   Multitubular   . 

Study  of  means  to  increase  the  safety  of  their  use.  M.  C.  Walckenaer.  — 
Annels   des.    P.    and    C,    Vol.    VII.,  No.  4,  p.  422  (1895.) 

BOILERS,   Setting^s  for   . 

Illustrated  description  of  boiler  setting,  for  return  tubular  boilers,  adopt- 
ed by  the  Hartford  Steam  Boiler  Inspection  and  Insurance  Co.  — Eng. 
Mech.,  April,   1895. 

BOILERS,  Strenstli  of  . 

The  theory  of  the  "factor  of  end  resistance"  theoretically  and  experiment- 
ally considered.  — Eng.  Rev.,  Oct..  1S95,  p.  113. 

BOILERS,  the  Puritication  of  tlie  Feed    Water   for  . 

Paper  by  Nosselt  read  before  the  Engineering  Society  of  Tlieeoniglu,  in 
which  various  apparatus  for  the  purification  of  the  feed-water  is  described 
and    illustrated.    A    very    interesting  study.— Ztsch.  Ver  Ing,   Aug.    17.    1895. 

BOILERS,   Types  of  \V"ater-Tul»e 

An   illustrated  article  giving  cuts   and  short  description  of  different  forms  of 
water-tube  boilers.  —Am.   Eng.  &  R.   R.  Jour.,  April.  1895.   et  seq. 
BOILERS;    "WATER    TUBE . 

Discussion  tof  conditions  for  resisting  intense  firing,  strains  due  to  the  ex- 
pansion of  heating  tubes,  influence  of  active  circulation  on  the  transmis- 
sion of  heat;  combustion,  and  the  section  of  r.as-sage  and  length  of  travel 
of  hot  gases.    J.  A.   Normand.— Lon.  Eng.,  July  12,   1895,  p.  59. 

BORIXG,    A   Deep    — . 

Use  of  Canadian  system  described,  and  its  application  through  a  depth  of 
2000  feet,  near  Freistadt.  Austria.  R.  N.  Boyd.  —Trans.  Soc.  of  Engineers, 
1894.    p.    119. 

BORING  MILL. 

Article  describing  a  new  boring  mill  manufactured  by  Bouhoy,  in  Paris. 
Detail  drawings  accompany  the  description.  — Prktsch.  Msch,  Cnstr..  May 
23.   1895. 

BRAKE,  New  Form  of  Prons"  . 

Illustrated    description    of    form    of  brake   devised    by    R.    C.    Carpenter.  — 
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BRAKES. 

For  testing  the  efficiency  of  motors;  and  the  various  arrangements  in  use  for 
measuring  the  power  of  motors.  An  interesting  and  very  instructive  article. 
Illustrated.  — Pr.  Msch.  Cnstr.,  Jan.  3,  1895,  et  seq. 

BRAKES.  Friction   . 

See  FRICTION  BRAKES. 

BRAKESIIOES,   Tests   of  . 

Details  and  res-.ilts  of  the  master  car  builders'  laboratory  tests  of  14  shoes. 
With  diagrams. —Eng.  News,  June  20.  1895,  p.  390;  R.  R.  Gaz.,  June  21,  1895, 
p.  405. 

BRASS    CASTINGS. 

Alloys   for  brass   and   bronze   castings.  — Prac.  Eng.,  May  10,  1895,  p.  870. 

BREAKWATERS,  Crib    . 

See   CRIB. 

BRICK. 

See    PAVING    BRICK,    PAVEMENTS.   PAVING. 

BRICK,  Hollow  . 

The  process  of  their  'iianufacture.  Illustrated.  — Sci.  Am.  Sup..  June  22, 
IS'.ty,   p.   1G234. 

BRICK  Making. 

Methods  of  improving  quality.     The    use   of  brick   machines   and    work    In 
brick  kilns.     J.  W.  Crary,  Sr.  —Clay  W.,   Feb.,  1895. 
BRIDGE. 

Gaspee  Street ,  Providence,  R.  I.  Conditions,  abutments  and  steel  con- 
struction of  this  bridge,  carrying  twelve  tracks.  The  23  box  girders  are 
supported  by  columns  and  carry  a  novel  corrugated  floor.  Fully  illustrated. 
—Eng.  Rec,  Jan.  19,  1895. 

BRIDGE. 

Lange ,  Berlin .  A  series  of  articles,  very  fully  and  handsomely  illus- 
trated, describing  the  rebuilding  of  this  historical  structure.  —Deutsche 
Bztg.,  Dec.  15,   1895,  et  seq. 

BRIDGE. 

Nebraska  City ,  designed  by  G.  S.  Morison.  General  and  detailed  illus- 
trated description  of  the  site  and  of  the  substructure  and  superstructure. 
— Lon.  Eng.,  Jan.  11,  1895. 

BRIDGE    Aeros.s   the   Rhine   at  Bonn. 

An  article  by  A.  Zschetzche,  describing  the  various  designs  submitted  In 
competition  for  this  new  bridge.  Tlie  artic  e  is  well  illustrated  and  showa 
very  handsome  designs  and  also  very  inters  ^  Ing  details. — Ztsch.  Ver.  Ing., 
March  30,  1895,  et  seq. 

BRIDGE,  a  Melan-Arch   Railway  ■ — -. 

Span  50  ft.;  rise  QVi  tt.  Details  of  structure  now  being  erected  at  Detroit, 
Mich.    Illustrated.— Eng.    Rec.    Sept.  28,  1895,  p.  309. 

BRIDGE;  A  Temporary  High-way .  ' 

Drawbridge  of  23  ft.  span  t)f  economical  and  efficient  construction.  Gen- 
eral plans.    Illustrated.    C.   E.   Burroughs.  —Eng.  Rec,  Aug.  10.  189.5,  p.  184. 

BRIDGE   at   Dirsehan,  Prussia. 

Building  of  the  new  metal  railway  bridge  alongside  the  old  bridge,  which 
has  been  converted  into  a  highway  bridge.  Fully  lllfstrated.  Lon.  Engineer. 
Dec.  0,  1S9.5,  p.  .551. 

BRIDGE  at  Johnsonville.  Tonn. 

Previous  bridges  across  the  Tennessee  River  at  this  place  and  the  final 
building  of  the  present  structure  at  the  site.  Construction  and  cost  of 
the  substructure  and  superstructure.  Hunter  McDonald.  Discussion,  cor- 
respondence   and    illustrations.  —Trans.  A.  S.  C.  E.,  March,  1895,  pp.  171-189. 

BRIDGE,  Concrete   . 

Now  being  constructed  over  the  Mary  River  at  Maryborough,  Queens- 
land.   Eleven  spans  of  50  feet  each,    rise  of  each  arch  4  feet,   thickness  at 
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crown  15  inches,  thickness  at  haunches  5  feet  3  inches,  width  22  feet  8 
Inches.  Embedded  in  the  concrete  arches  are  skeleton  steel  railway  rails. 
Fully  Illustrated.  — Lon.   Engineer,    May  10,  1895,  p.  398. 

BRIDGE,  Concrete  Arch  , 

A  Melan  arch  of  100  ft.  span  over  the  Housatonic  River  at  Stockbridge, 
Mass.     Illustrated.     Fr.  Von  Emperger.  — Eng.  News,  Nov.  7,  1895,  p.  306. 

BRIDGE  Deflections . 

Experiments  to  determine  the  effect  of  moving  loads  in  producing  strains, 
and  tending  to  show  the  efficiency  of  present  design,  and  that  the  effect 
tf  impact  in  truss  members  is  generally  inconsiderable.  Prof.  Malverd  A. 
Howe. —Jour.   Ass'n  Eng.   Socs.    Vol.   xiv.  No.  G,  p.  513,  1895. 

BRIDGE,  Delaware  River 

The  new  bridge  of  the  Pennsylvania    R.    R.    at    Philadelphia.      Three    main 
spans    of    533   feet    length    and    one    draw    span    of   330    feet.      Illustrated. 
Characteristic    features    of   the    specifications.  — R.    R.    Gaz.,   April  5,    1805. 
BRIDGE   Design. 

True  economy  in  proportioning  depth  of  truss,  length  of  span  and  other 
details.  Useful  discussion,  by  J.  A.  L.  Waddell.  —Eng.  News,  Sept.  19, 
1895,   p.    179. 

BRIDGE;  Double   STvlng . 

Specially  designed  for  narrow  channel  to  give  an  unobstructed  waterway 
and  permitting  both  pivT)t  piers  to  be  at  the  harbor  lines.  Recent  construc- 
tion   at    Cleveland,    Ohio.    Illustrated.  —Eng.  News,  Aug.  8.  1895,  p.  82. 

BRIDGE,  Expansion  Bearings  for   Superstructures. 

By   Get).    S.    Morison.    Trans.    A.    S.  M.  E.,  Vol.  XV. 

BRIDGE,  Floating  , 

Across  the  Diena  at  Riga.  A  well  illustrated  article  by  A.  Agthe,  describ- 
ing a  very  peculiar  form  of  bridge  necessitated  by  the  condition  of  the  river 
to  be  crossed.  — Ztsch.  Ver.  Ing.,  Jan.  12,  1895. 

BRIDGE  Floor  of  Concrete  and  AVire. 

Details  of  construction  of  Lincoln  Park  bridge,  Chicago.  Illustrated. 
—Eng.    News,    April   4,    1895. 

BRIDGE,    Higliway   ■ Across   tlie   Scliu>  lUill. 

Description,  with  insert  plates,  of  the  City  Avenue  Bridge  at  Philadel- 
phia,  Pa.  —Jour.   Frank.   Inst.,  April,    1895. 

BRIDGE,    King    Charles   at   Stuttgart. 

An  article  by  Leibbrand  dedcribing  this  new  highway  bridge,  especially  the 
Interesting  problems  encountered  in  getting  the  foundation  for  the  piers. 
Well   illustrated.  —Ztsch   Ver   Ing.,  Feb.  9,  1895. 

BRIDGE,  Lift   . 

The  Halsted  street  bridge,  Chicago.  History,  general  and  detailed  descrip- 
tion of  the  trussed  span,  towers  and  lifting  machinery  of  this  novel  bridge. 
By  J.  A.  L.  Waddell.  Fully  illustrated.  Extended  discussion  and  corre- 
spondence. — Trans.  A.  S.  C.  E.,  Jan.,  1895. 

BRIDGE.  Masonry  Arch    . 

Short  description  of  the  Pruth  bridge  at  Jaremcze,  Austria,  of  213-foot 
span.  — R.   R.   Gaz.,    May  17,  1895,   p.   308. 

BRIDGE,   Melan   Arch . 

Span  70  ft.;  rise  10  ft.  Higtiway  bridge  in  Eden  Park,  Cincinnati,  Ohio. 
Illustrated.— Eng.  News,   Oct.  3,   1895,  p.  214. 

BRIDGE,  North  River  . 

General  specifications  for  the  proposed  3100  ft.  span  suspension  bridge  at 
New  York  City.  Loads,  allowed  unit  strains,  materials,  details  of  construc- 
tion and  general  items.  —Eng.  News,  March  7,  1895.  R.  R.  Gaz.,  March  8, 
1895.    Eng.  Rec,  March  16,   1895. 

BRIDGE   Over   the   Rhine   at   Bonn. 

First  prize  design  recently  submitted,  providing  for  a  main  span  of  640  ft. 
Illustrated.  —Eng.    News,    Aug.   8,    1895,  p.  85. 
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bridge:    pier,    LiKleritinuingr    ji    .  ^^' 

Methtod  used   to  strengthen   the  foundation     of    the     Hammersmith     bridge^ 
London,   England.  — Eng.  Rec,  June  15,  1895.   p.  40. 
bridge:  Piers. 

The  cylindrical  piers  composed  of  melal  exterior  and  concrete  filling  a& 
used  in  New  Zealand.  Method  of  cons-truction.  H.  W.  Young  and  W.  C. 
Edwards.— Proc.    Inst.,    C.    E.,    Vol.  CXXII,  p.  283  (1895). 

bridge:,  Plate  Giriler  Swing   . 

Four-track  plate  girder  bridge,  17G  feet  in  length,  constructed  over  th& 
Bronx  river.  New  York  City,  by  the  N.  Y.,  N.  H.  &  H.  R.  R.  —Eng.  News, 
Jan.  3,  1895. 

bridge:;  Recoustrnetion  of  tlie  Pittsluipg,  Pa.,  Sixtli  street  . 

The  wooden  bridge  of  eighty  years  ago,  the  suspension  bridge  built  later, 
and  the  new  truss  bridge  now  occupying  the  site.  Illustrated.  W.  G.  VVil- 
kins.— Proc.   Eng.   Soc.  W.   Pa..  Vol.  XI,  No.  5,  pp.  143-167  (1895). 

bridge:,  Rolling-  Lift   . 

The  Van  Buren  street  bridge  at  Chicag^o.  Its  peculiarities,  electric  opera- 
ting   machinery    and    details.     Illustrated.  —St.  Ry.   Rev.,  March,   1895. 

bridge:.   Rolling  Lifting   . 

The  Van   Buren   street  at   Chicago;    its  peculiarities;   electric  operating 

machinery  and  details.  Illustrated.  —Eng.  Rec,  Feb.  IG,  1895.  St.  Ry. 
Gaz.,   Feb.   16,   1895.     R.   R.   Gaz..   Feb.  15,  1895.     Eng.  News,  Feb.  21,  1895. 

bridge:;    Sixteenth    St..    Lift.   .Milwaukee,  Wis. 

Novel  designs  of  this  new  bridge.  Main  girders  carrying  floor  are  hori- 
zontal and  supported  by  a  swinging  strut  near  one  end  and  by  rollers  near 
the  other  end.  These  girders  and  the  strut  lift  to  open  the  bridge,  the  cen- 
tre of  gravity  moving  horizontally.  Illustrated  By  John  Geist.  —Eng. 
News,  March  7,  1895.  Eng.  Rec,  March  9,  1895. 
Trans.  A.  S.  M.  E.,  Vol.  XV. 

bridge:;  Sixteenth  Street  Lift   ,    Milwaulcee,  AVis. 

Novel  design  of  this  new  bridge.  Main  girders  carrying  floor  are  horizon- 
tal and  supported  by  a  swinging  strut  near  one  end  and  by  rollers  near 
the  other  end.  These  girders  and  the  strut  lift  to  open  the  bridge,  the  cen- 
ter of  gravity  moving  horizontally.  Illustrated.— R.  R.  Gaz.,  Oct.  4,  1895, 
p.  649. 

BRlD(iE:     Specifications. 

Those  for  1895  for  the  Union  Pacific  system.  —Eng.  Rec,  Nov.  16,  1895,  p. 
436. 

bridge:   Spccilications. 

Those  for  the   Phoenix  Bridge  Company.  —Eng.  Rec,  Nov.  23.  189.5,  p.  453. 

bridge:  stresses. 

Calculation  by  means  of  two  excess  loads— one  at  the  head  of  the  train 
and  the  othei-  following.  Lengthy  discussion  of  the  method  and  results. 
Ed.    Colligr.on.— Annales    des    P.    &  C,  Vol.  7,  No.  7,  pp.  5-76  (1895). 

bridge:;     Suspension . 

Prize  designs  for  a  stiffened  suspension  structure  at  Buda  Pesth.  Illus- 
trated.—Lon.    Engineer.    Aug.    2,    189.5,  p.  106;  Eng.  Rec.  Atig.  24.  1895.  p.  219. 

BRIDGK:     Suspension    . 

Repairing  a  damaged  pier  of  the  Fitzroy  bridge  at  Rockhampton.  Queens- 
land. Illustrated.  A.  B.  Brady.— Proc.  Inst.,  C.  E.,  Vol.  CXXI,  p.  195 
(189.5). 

bridge:;  Suspension 

The  priza  design  for  a  stiffened  suspension  structure  at  Buda  Pesth.  Il- 
lustrated. —Lon.   Engineer,   Aug.   2,   1.S95,  p.  106. 

bridge:.   Swinging   Foot   . 

A  novel  temporary  structure  in  San  Francisco  for  use  during  repairs  to  the 
regular    bridge.    Illustrated.  —Eng.  News,  Jan.  24,  1895. 
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DRIDGE:,  The  Bellefoutaine   . 

Full  description  of  both  substructure  and  superstructure  of  this  important 
bridge.     Illustrated    serial.  — Lon.   Eng-.,  Sept.  G,  1S95,  p.  296,  et.  seq. 

bridge:.    The   Hudson    River   . 

General  statement  of  character  of  plans  prepared  by  Mr.  McDonald  and 
formally  accepted  by  the  i  ridge  commissitin.  — R.  H.  Gaz..  June  7,  ''.895,  p. 
358;  Eng.  Rec,  June  8,   J895,  p.  20. 

bridge:,  The  Lake  Street,  Miiineapoli.s.    j>Ietal    Areh    . 

General  plans,  with  details  of  viaduct,  approaches,  towers  and  arch  trusses. 
Well  illustrated. —Eng.  Rec,  Dec.  7,  189"),  p.  5. 

bridge:,    The    Life    of   an    Iron    Railroad  . 

Dependent  on  its  loadings  and  protection  from  corrosion  (as  well  as  on  its 
design),  Loads  may  exceed  those  assumed  in  design  perhaps  80  or  90  per 
cent,  as  a  limit  consistent  with  safety.  With  discussion.  J.  E.  Greiner.  — 
Trans.  A.  S.  C.  E.,  Vol.  XXXIV.,  No.  4,  pp.  294-346  (1895). 

bridge:;   the  New  Papaligni   — . 

Fifteen  spans  of  140  feet  each.  Cons-truction  of  abutments  and  spans  of 
this  new  Indian  structure.  H.  J.  Thompson.— Proc.  Inst.,  C.  E.,  Vol.  CXXII, 
p.   187  (1895). 

bridge:,    Tlie    Troy,    N.    Y.,    Sprin^^    Avenne   . 

Deck  plate  girder  of  96-foot  span  on  .^SVj  degree  skew,  with  36-foot  road- 
way and  12-fot>t  sidewalks  on  each  side,  and  buckle-plate  floor  system.  Il- 
lustrated. —Eng.   Rec,  Nov.  30,  1895,  p.  471. 

bridge:   Transportation. 

Method  used  for  shipping  a  65,000-lb.  bridge,  90  feet  long  completely  erec- 
ted, as  loaded  on  three  cars.  Illustrated.  — Eng.  News,  June  13,  1895,  p. 
3S.^. 

bridge:.  Trestle   . 

Standard  form  of  the  Elkhart  and  Western  R.  R.  Illustrated.  —Eng. 
News,  May  2,  1895.  p.  295. 

bridge:.  AVidenlns  a  Stone  Arch 

Method  devised  for  a  Minneapolis  bridge  to  double  the  width  and  traffic  ca- 
pacity by  floor  supported  by  longitudinal  plate  girders  supported  by  steel 
brackets  projecting  from  the  face  of  the  masonry.  Illustrated.  — Eng.  Rec, 
Nov.  23,   1895,  p.  454. 

bridge:  works. 

Rules  for  draughting  room  work  discussed  at  length.  Chas.  H.  Wright.  — 
Eng.  News,  Feb.  7,  1895. 

bridge:s. 

See    ENGINEERING    STRUCTURES. 

bridge:s. 

see  iron,  iron  and  steed,  paints.  pier,  rustless  coatings, 
steel,  stress,  timbers,  trusses,  viaduct.  wind,  wind  brac- 
ing, wind  pressure,  engineering  structures. 

BRIDGE:S,  Calculation  of  Stresses  in   Metal  . 

Abutment  reactions,  shears  and  bending  moments,  with  extensive  tables,  giv- 
ing values  for  different  loadings  and  lengths  of  panels  and  trusses.  — Annales 
des  P.  &  C,  Vol.   7.   No.   8,   pp.   117-247   (1895). 

BRIDGE:S,   Country  Road   -. 

General  considerations  and  suggestions.  C.  C.  Wentworth.  —Jour.  Assn, 
Eng.    Socs.,    March.     1895. 

BRID0E:S,  Design  of  Stone    . 

General  architectural  considerations,  with  especial  reference  to  the  bridges 
of  London.    H.   H.  Stratham.  —Eng.  Rec,  May  18,  1895,  p.  436. 

BRIDGE:S,  Elng^ltsh   Railroad  . 

Their  design,  including  determining  line  and  dead  loads,  dimensioning, 
specifications  and  tests,  with  examples  cited.  Serial  by  Walter  Beer.  — 
Eng.  Rev.,  Oct.,  1895,  p.  114,  et    seq. 
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BRIDGES;   Elxpaiision   IteariiiKN    for   . 

Modified  bearing  as  designed  by  Geo.  S.  Morison.  Illustrated.— Eng.  Rec, 
July  6,  1895,  p.  93. 

BRIDGES,  Field  In^iiection  o£   . 

Details  to  be  considered  in  bridge  erection.        Harold    Jeans.  — R.     R.     Gaz., 
April   r,,    189.5. 
BRIDGES    of    Steel    Rails. 

Standard  construction  of  the  B.  &  O.  R.  R.  for  highway  bridges  constructed 
of  old  steel  rails.    Details  illustrated.  —Eng.  News.,  Nov.  28,  1895,  p.  365. 

BRIDGES,  Painting  Iron  Railroad . 

Discussion  of  different  clas.ses  of  suitable  paints,  and  their  composition, 
cost  and  essential  elements  and  conditions  for  securing  good  results.  Ex- 
tended investigation,  resulting  in  the  recommendation  of  red  lead  for  the 
priming    coat.    Walter   G.    Berg.  —Eng.  News,  June  G,  1895.  p.  .370. 

BRIDGES,    Small   . 

Complete  illustrated  description  of  designs  of  two  recent  bridges  of  the  Bal- 
timore and  Ohio  R.  R.,  with  extracts  from  specifications.  — R.  R.  Gaz.,  Jan. 
18,  1895. 

BRIDGES;  Speeiflcation.s  for  , 

Recent  publication  of  the  specificaticns  of  the  Pencoyd  Iron  Works,  pre- 
pared by  C.  C.  Schneider;  including  general  items,  proportions  of  parts,  de- 
scription, details  of  construction,  workmanship,  material  and  painting. 
With  tables.  —Also  given  as  a  serial  in  Eng.  Rec,  July  13,  1895,  p.  114,  et 
seq. 

BRIDGES,  Soft  Steel  for  . 

See    STEEL. 

BRIDGES,  Solid  Floors  for  Railroad 

Their  advantages  and  merits,  and  the  calculation  of  their  stresses.  Illus- 
trated. Henry  Goldmark.  —Jour.  Ass'n  Eng.  Socs.,  Vol.  XV.,  No.  2.  p.  69-82 
(1895). 

BRIDGES,   Strain.s   in . 

Their  determination  by  automatic  recording  attachment  to  different  bridge 
members.  Description  of  apparatus  and  interesting  and  valuable  data  se- 
cured. With  illustrations  and  diagrams.  J.  J.  Hankenson  and  W.  H.  Ledger. 
—Eng.  News,  May  9,  1895,  pp.  300-303. 

BRIDGES;    StrengtU    of   . 

Paper  by  Fr.  Engesser,  in  which  the  resistance  of  truss  bridges  against 
buckling  is  treated  in  a  systematic  and  thorough  manner.— Ztsch.  Vering, 
Aug.  24,  1895. 

BRIDGES;    Suspension   . 

General  principles  given  in  a  lecture  to  the  students  of  Rensselaer  Poly- 
technic  Institute    by    L.    L.    Buck.— Eng.  Rec,  Sept.  5,  1895,  p.  330,  et  seq. 

BRIDGIOS,  Suspension   . 

General  principles  given  in  lecture  to  the  students  of  Renssalaer  Polytech- 
nic Institute,  by  L.  L.  Buck.  —The  Polytechnic,  Vol.  XII,   No.  1,  p.  3  (1895). 

BRIDGES,  Swinji    . 

The  hydraulic  swing  bridges,  constructed  across  the  new  North  Sea-Baltic 
ship  canal.  Illustratev\  — Sci.  Am.  Sup.,  Sept.  21,  1895,  p.  16,446.  Lon.  Eng.. 
Aug.  2.'?,   1S95,  p.  2.34. 

BRIDGES,  Thames   . 

General  description,   at  length,   of  the   28   bridges   near    the    English    metro- 
polis. —Lon.   Eng.,  Jan.  4,  1895,  et  seq. 
BRIDGES,   The  Erection   of  . 

Different  methods  and  their  applicability,  by  Chas.  H.  Wright.  Illustrated. 
—Eng.   News,   April  2.5,   18915. 

BRIDGES,  The  Reactions  of  Partially  Continnons  Dra-^v   . 

'theoretical  derivation  of  their  values  fully  given.  With  diagrams.  Prof. 
Rlansfield  Merriman.  —Eng.  News,  Sept.  5,  1895.  p.  150.  R.  R.  Gaz.,  Sept.  6, 
1895,   p.   585. 
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BRIDGETS;   Wooden . 

Their  extensive  use  on  the  Boston  and  Maine  R.R.  Methods  and  details  of 
construction  of  the  different  types,  trestles,  stringers,  pony  trusses,  Queen 
posts,  Howe  and  Town  trusses.  Illustrated.  J.  Parker  Snow.  —Jour.  Ass'n 
Eng.    Socs.    Vol.    XV,    No.    1,   p.    31,  1895. 

BUIIiDING    Construction. 

See  WIND  BRACING. 

BUILDI.Nt;    CO.\STRLCTI<>\. 

See  ACOUSTICS,  ARCHITKCTURE,  CONCRETE,  FIREPROOFING,  MO- 
MENT OF  INERTIA,  ROOF,  ROLLED  BEAMS,  RUSTLESS  COATINGS, 
STEEL,  STONE,  TESTS.  THEATRES,  TIMBER,  UNDERPINNING,  VEN- 
TILATION, WIND,  WIND  BRACING,  WIND  PRESSURE,  IRON, 
FLOORS. 

BUILDING    CONSTRUCTION. 

The  improved  steel  column  and  girder  construction  of  the  Havemeyer 
Building,     New     York.    Illustrated.  —Eng.  Rec.  June  15,  1895,  p.  43. 

BUILDING  CONSTRUCTION. 

The  Manhattan  Life  Building  in  New  York  city  and  its  quick  construction. 
Foundation  piers  sunk  57  ft.  to  solid  rock,  and  foundation  completed  with- 
in 6  months  and  super-structure  in  8  months.  Fully  Illustrated.  Francis 
H.  Kimball.  —Eng.  Mag.,  Feb.,  1895. 

BUILDING  CONSTRUCTION.  Austrian   Floor  Tests. 

Synoposis  of  tests  and  results  on  Monier,  concrete,  brick,  hollow  brick,  corru- 
gated iron  and  Melan  arches.  —Eng.  mag.,  Vol.  X,  No.  2,  pp.  302-304  (1895). 

BUILDING  CONSTRUCTION.  Concrete    and  Wire  Floor. 

The  metropolitan  system.  Its  principle,  and  results  of  tests.  — Eng.  News, 
Nov.   14,   1895,  p.  333. 

BUILDING  CONSTRUCTION.  Failure  in   . 

The  collapse  of  the  Ireland  Building,  New  York  city.  —Eng.  News,  Aug.  15, 
22  and  29,  1895.     Eng.  Rec,  Aug.  31,   1895,    p.   244. 

BUILDING   CONSTRUCTION;   Failure    o£  Cast  Iron  Columns  In . 

The  recent  New  York  City   catastrophe.  —Eng.  News,  Aug.  15,  1895,  p.  111. 

BUILDING  CONSTRUCTION  in  Chicajs^o   . 

General  features  of  the  Marquette,  Reliance,  Fort  Dearborn,  Steinway  Hall, 
Atwood  and  Fisher  buildings.    Illustrated.— Eng.   News,  Oct.  17,  1895,  p.  250. 

BUILDING  CONSTRUCTION,  Iron  in   . 

Its  durability  discussed.  Causes  affecting  and  methods  of  increasing  its  life. 
— Proc.    Eng.    Club,    Phila.,    Vol.    XII,   No.  3,  p.  255  (1895). 

BUILDING  CONSTRUCTION.  Steel  Frame  . 

Cage  construction,  its  difficulties  and  dangers,  and  suggested  remedies 
Synopsis    of   address    by   Geo.    B.    Post.  —Eng.  Rec,  June  15,  1895,  p.  44. 

BUILDING  CONSTRUCTION,   Steel   in 

See  STEEL. 

BUILDING  CONSTRUCTION,  Tests  o£  Floor  Arches. 

Terra  cotta  floor  arches  of  11  ft.  6  in.  and  15  ft.  4  in.     Details  of  tests  and 
results.     Illustrated.     Gunvald  Aus.  —Eng.  News.,  Nov.  Nov.  7,  1895,  p.  314. 
BUILDING   CONSTRUCTION;   Wire  and  Concrete . 

The  Roebling  system  for  floors  and  walls.  Particulars  and  details.  Illus- 
trated.   —Eng.   News,  July  18,   189.5,  p.  45. 

BUILDING   ERECTION,  Regulations    Governin^r  . 

Adapted  to  cities  having  a  population  of  from  10,000  to  30,000  and  adopted 
by  Roanoke,  Va.  —Jour.  Assn.  Eng.  Socs.,    March,    1895. 

BUILDINGS  of  the  Institution  o£  Civil   Engrineers. 

See  CIVIL   ENGINEERS. 

BUILDINGS,   Steel  . 

Construction  of .  Its  history,  its  radical  departure  from  previous  meth- 
ods,  the  problems  involved,   the   relation    of    architects    and    engineers    to 
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each  other  and  the  importance  of  knowledge  of  construction  to  engineers. 
Lecture  at  University  of  Wisconsin  by  C.  T.  Purdy.  —Bulletin,  University 
of  Wis.,    1894,   No.   3. 

BlILDIXGS,  Steel  in   . 

The  construction  of  large  buildings  and  the  special  adaptability  and  econ- 
omy of  the  steel  skeleton  type.  Address  of  C.  T.  Purdy  before  Boston 
Society    of    Civil    Engineers.    — Eng.  Rec,   Feb.   16,   189.5,    et.   seq.    (Abstract.) 

BlILDIXG    STONE,    Te-stins 

Resume   of   current   methods  of  physical,    chemical    and    microscopic    tests, 
by  F.  Lynwood  Garrison.  —Stone,   Feb.,  1895. 
BUILDIXG   STOXES,   Relative    Effect.s    of  Frost  and  Snlpbate  of  Soda  Tests 
on   . 

The  effect  of  the  latter  much  more  marked.  Tests,  methods  and  conclusions. 
Lea  McI.  Luquer.  With  discussion,  correspondence  and  diagrams.  —Trans. 
A.  S.  C.  E.,  March,  1895,  pp.  235-256. 

CABLE,  Power  Station. 

Illustration  and  description  of  the  Sixty-fifth  street  power  station  of  the 
Third  avenue  cable  road.   New  York.  —Power,   Dec,  1894. 

CABLE   RAILAVAY. 

See  ELECTRIC  R.\ILWAY,  INCLINE  RAILWAY,  RAILROADS,  STREET 
RAILWAY. 

CABLE  RAILWAY  in  Wasbington,  D.  C. 

Car  and  power  houses,  track  construction,  underground  work  and  rolling 
stock  of  the  Columbia  Railway  Co.    Illustrated.  —St.  Ry.  Rev.,  March,  1895. 

CABLE   RAILAV'AY;   tUe   Stanzerhorn . 

Track,  rolling  stock  and  electric  power  equipment  of  this  Swiss  mountain 
railway.     S.   J.   Berg.— Proc.   Inst.,   C.  E.,  Vol.  CXX,  p.  11  (189.5). 

CABLE   RAILWAY   TUNNEL. 

Construction  of  the  Twenty-first  street  tunnel  or  conduit  of  the  Chicago 
City    Railway    Co.    Illustrated.  —St.  Ry.  Jour.,  March,  1895. 

CABLE  RAILWAYS  of  tlie  World. 

Table  containing  general  data  of  55  lines,  with  short  description  of  the 
most    important.— Eng.    News,    Oct.  10,  1895,  p.  245. 

CABLE,  Transportation . 

See    TRANSPORTATION. 

CABLE,  Transporting  an«l  Handling   a  Sixty  Ton   . 

Total  load  77  tons,  drawn  two  miles  through  the  New  York  streets  by  42 
horses  on  truck  of  12-inch  tire  and  6-inch  axle.  Details  of  moving  and 
handling.  —Eng.    Rec,   Jan.    5,    1895. 

CABLES. 

See  COXDTIT.  ELECTRIC  RAILWAY. 

CABLES   for    Street    Railways. 

Construction  and  strength  of  by  R.    J.    McCarthy.    Illustrated. —St.    Rj 

Jour.,  April,    189.5. 

CABLES    for    Street    Railways, 

Illustrated.  —St.     Ry.     Jour.,     June,  1805.    p.   377. 

CABLES,  the  linking  and  Laying  of   L'ndergronnd   . 

Description  of  the  drawing,  tinning,  stranding  and  insulation  of  the  wire, 
the  tapin.g  machine,  vulcanizing  and  covering,  and  the  laying  of  under- 
grtound  cables.  Extensively  illustrated.  Wm.  Maver,  Jr.  — Elec  World, 
Jan.    19.    1895. 

CABLEAVAYS;  the  Ledfterwood   Traveling . 

Details  of  their  use  on  the  Chicago  Main  Drainage  Channel.  Illustrated. 
Eng.  News,  July  25.  1S95,  p.  (!2. 

CALORIMETER  Coal    . 

A  new  calorimeter  for  determining  the  heating  value  of  coals,  by  R.  C. 
Carpenter.  Illustrated.  Paper  read  at  the  Detroit  meeting,  A.  S.  M.  E.  — 
Power,  July,  1895,  p.  14. 
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CALORIMETER,    Coal   . 

A  new  calorimeter  for  determining  the  heating  value  of  Coal,  by  R.  C.  Carp- 
enter.    Illustrated.  —Am.  Mach.,  Oct.  31,  1S95,  p.  870. 

CALORIMETER;    The    Hopthelot-Mahler  . 

Its  use  and  errors  in  determining  the  calorific  power  of  fuels.  Prof.  A.  IVI. 
Mayer.— Stevens'   Indicator,    Vol.  XII,  No.  2,  p.  133  (1895). 

CALORIMETER,  Tlirottliiii?   . 

Results  of  experiments  to  test  the  accuracy  of  small  throttling  calori- 
meters. Paper  presented  by  D.  S.  Jacobus  to  Am.  Soc.  of  M.  E.  —Power, 
Jan.,    isa5. 

CALORIMETERS  for  Deierminiiig  the  Moiisture  in  Steuiii. 

Article  in  which  several  of  the  most  modern  instruments  for  this  purpose 
are  described  and  illustrated.— Ztsch.  Ver.  Ing.,  Aug.  31,  1895. 

CALORIMETERS;   Small  Tlirottling  . 

Results  of  tests  of  these  calorimeters  to  determine  their  accuracy.  Prof. 
D.    S.   Jacobus.  —Stevens'   Indicator,  Vol.  XII,  No.  2,  p.   177  (1895). 

CA>AL. 

See  ELECTRIC  LIGHTING.  EXCAVATION.  LOCK.  MASONRY.  RESER- 
VOIR,    SHIP    CANALS.     SUITING. 

CANAL  BOAT  Haulagre. 

The  Lamb  electric  cable-way  for—  Illustrated.  — Elec.  Engr.,  March  13, 
1895. 

CANAL  BOAT  Proiml.sioii. 

Description  of  twin  screw  pi-t)pellers  with  adjustable  immersion,  fitted  on 
canal  boats.    Henry   Barcroft.  — Proc.   Inst.   Mech.   Engs.,   July,  1894. 

CANAL  Boat,  Traction . 

Plans  of  Geo.  Cowley  to  tow  boats  by  means  of  motors  suspended  from  an 
elevated     track.    Illustrated.  — Lon.  Engineer,  Aug.  2,  1895,  p.  109. 

CANAI-  BOAT   TRACTIOr?. 

The  De  Bovet  system  of  electric Illustrated.  —Elec.    Eng.,    May   1,    1895, 

p.   389. 

CANAL,  Electric  Lightings  of  the  North    Sea-Baltic   . 

See  ELECTRIC   LIGHTING. 

CANAL  Lock. 

See  LOCK. 

CANAL  LOCKS. 

The  Illinois  and  Mississippi  Canal  lock  works  extensively  illustrated  and 
described.  The  extensive  use  of  concrete  construction  considered.  Long  and 
valuable  article.   —Eng.   News,   Feb.  14.  1895. 

CANAL  LOCKS,  The  North  Baltic    . 

Concrete  foundation,  masonry  walls  and  machine-worked  gates  of  the 
locks     at     Holtenau.    Illustrated.  —Eng.  Rec,  April  27,  1895. 

CANAL,  North  Sea  anil  Baltic   . 

Well    illustrated.  —Deutsche    Bztg.,  March  2,  1895,  et  seq. 

CANAL,  The  Chicago  Sanitary  District   . 

First  paper  of  the  series,  giving  an  introductiory  and  general  statement  ol 
its  purposes,  route  and  control  by  legislation  and  the  administrative  board. 
By  Isham   Randolph,    chief   engineer.  —Jour.   Assn.  Eng.  Socs.,   March,   1895. 

CAN.'VL;   the   Chicago    Sanitary  District , 

Fourth  paper  giving  a  description  of  the  work  and  methods  tif  construc- 
tion on  the  Summit  Division,  comprising  sections  C.  D,  E,  F,  G  and  H. 
Illustrated.  E.  R.  Shnable— Jour.  Ass'n  Eng.  Socs.  Vol.  xiv.  No.  6  p.  461, 
1895. 

CANAL,   The   Chicago   Sanitary   District    . 

Third  paper  of  the  series,  giving  description  of  the  work  and  methods  of 
construction  of  the  Brighton  Division.  Extensive  excavating  by  steam 
shovels  and  dredges.  Illustrated.  Alex.  E.  Kastl.  —Jour.  Assn.  Eng.  Socs., 
April,  1895,  p.  313. 
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CANAL;  tUe  Corinth   . 

History  of  works  and  the  inception  and  completion  of  the  recent  project. 
Details  of  its  construction.  Illustrated  serial.— Lon.  Eng.,  Oct.  4,  1895,  p. 
411,  et  seq. 

CANAL.,  The  Harlem  River  Ship   . 

History  of  project  and  construction  of  this  canal  of  18  ft.  depth,  recently 
opened.  Illustrated. —Sci.  Am.  Sup.,  June  1.".,  18P5,  p.  16.216;  Eng.  News, 
June  20,  189.5,  p.  3!)i). 

CANAIj,  The   Illinois   anil  Mis.sis.sipiti    . 

Progress  of  work,  and  concrete  construction  of  locks  in  detail.  Illustrated. 
—Report  of  Chief  of  Engineers,   U.  S.  A.,  1894,  p.  2172. 

CANAL,,  Tlie  Jonage  . 

The  canal  for  furnishing  power  for  Lyons,  France,  by  using  water  from  the 

Rhone,  and  also  designed  to  incidentally  improve  its  navigation.  Illus- 
trated. —Lon.    Engineer,    June   7,    189.5,  p.  484. 

CANAL,  Tlie  North  Sea  anil  Baltic . 

History  and  some  <of  the  most  interesting  features  of  this  canal,  now 
completed.  Width  at  water  surface,  197  ft.,  and  at  bottom,  72  ft.;  depth, 
291/^  ft.  Illustrated. —Eng.  News,  June  20,  1895,  p.  398;  Eng.  Rec,  June  1, 
1895,  p.  3;  Lon.  Eng,,  May  31,  1895,  p.  685,  et  seq.;  Lon.  Engineer,  June  14, 
1895,  p.  503. 

CANAL,  The  NicaragTia   . 

A  short  description  of  the  proposed  line  of  the  canal,  by  G.  W.  Sherwood. 
—Jour.  Frank.  Inst.,  June,   1895. 

CANAL,  The  Santa  Ana   . 

The  location,  design,  construction  and  cost  of  this  canal  of  the  Bear  Valley 
Irrigation  Company  in  San  Bernardino  county  , California,  so  far  as  finished 
for  use.  With  maps  and  illustrations.  Thorough  and  valuable  description 
of  this  important  work  by  William  Ham.  Hall,  chief  engineer.  —Trans.  A. 
S.  C.  B.,  Vol.  XXXIII,  No.  2,  pp.  61-170  (1895). 

CANAL;  the  Seattle  . 

To  connect  Lake  Washington  with  Puget  Sound.  Also  the  plans  for  land 
reclamation  connected  with  the  same  enterprise.  Illustrated.— Eng.  Rec, 
Oct.  19,  1895,  p.  363. 

CAR   Dumping:    Machine. 

The  cylindrical  device  takes  a  coal  car  and  bodily  rolls  it  over,  dumping 
its  contents.  Lately  erected  at  Cleveland  under  the  Long  patent.  Illus- 
trated.—R.  R.  Gaz.,  Oct.  11,  1895,  p.  666. 

CAR  DUMPING   Machine. 

The  cylindrical  device  takes  a  coal  car  and  bodily  rolls  it  over,  dumping  its 
contents.  Lately  erected  at  Cleveland  under  the  Long  patent.  Illustrated. 
— E.  &  M.  Jour.,  Nov.  9,  1895,  p.  444. 

CAR  Ferries. 

Some  of  the  longer  and  most  important  of  the  U.  S.  — R.  R.  Gaz.,  Nov.  1, 
1895,    p.    724. 

CAR   FERRY   Transfer    Aprons. 

Their  reconstruction  at  Port  Costa  and    Benicia,    Cal.      Plans    and    details. 

Illustrated.     John  B.  Leonard.  —Jour.   Assn.   Eng.    Sees.,   Vol.   XV,   No.  5,   p. 

173  (1805). 
CAR  Heating. 

Recent  progress,   especially  on  the  line  of  heating  cars  from  the  locomotive. 

J.    C.    McMynn.    With   discussion.  —Eng.  News,  June  13,  1895,  p.  389. 
CAR,    Long   Body    Flat  . 

Length,  41  ft.;  weight,  23,700  lbs.;  capacity,  30  tons.    Particulars  of  the  Can- 
da  car.    Illustrated.  — R.   R.   Gaz.,   June  7,  1895,  p.  .363. 
CAR,   Ore  nnrt  Coal   . 

70,0001b.  hopper-bottom  car  of  the  Pennsylvania  lines.    Interesting  details  of 

construction  of  this  high  capacity  car.    Illustrated.  —Eng.     News,     June     6, 

1895,  p.  362. 
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OAR,  the  Page  . 

New  clump  car,  having  six  compartments,  which  can  be  dumped  in  pairs 
or  singly.  Useful  in  ballasting,  grading  or  similar  work.  — R.  R.  Gaz., 
Jan.   25,    1895. 

CAR  Transfer  Brirtse. 

Type  supported  entirely  by  chains,  as  used  at  West  Norfolk.  Va.,  by  the 
Atlantic  and   Danville  R.   R.     Illustrated.  — Eng.  News,  Sept.  19,  1895,  p.  178, 

CAST  IRON   COI.IIMX;   Failure  in   a   Iluildins. 

Soe    BUILDING    CONSTRUCTION. 

CAST   IRON;    Cooling:  Curves   an«l   Tests    for -. 

The  influence  of  carbon  and  silicon,  and  of  the  size  of  the  casting.  Curves 
resulting  from  varying  factors  and  practical  application  of  cooling  curves. 
Illustrated.    W.   J.  Keep.— Lon.   Eng.,  Sept.  20,  1895,  p.  375. 

CAST  IRON;  Malleable . 

Methods,  details  and  opinions  on  its  manufacture.  Discussion  of  princi- 
ples and  practice,  by  H.  R.  Stanford.  Illustrated.  —Trans.  A.  S.  C.  E.  Vol. 
xxxiv.  No.  1.  pp.  1-22,   1895.    R.   R.   Gaz.,  Aug.  16,  1895,  p.  541. 

CAST  IRON,  Malleable  . 

Methods,  details  and  opinions  on  its  manufacture.  Discussion  of  principles 
and  practice,  by  H.  R.  Stanford.  Illustrated.  — Ry.  Eng.,  Nov.,  1895,  p.  359. 

CAST  IRON.  Pliyslcal  Properties  of . 

A  paper  by  Thomas  D.  West  read  before  the  Iron  and  Steel  Institute. 
— Prac.  Eng.,  Oct.  4,  1895,  p.  376. 

CAST  IRON,   Strength   and   ShrinUajie  of  . 

Experiments  to  determine  the  relation  between  transverse  strength  and  size 

of  bar  and  percentage  of  silicon,  carb^on  and  other  ingredients.  The  pheno- 
mena of  shrinkage  in  cooling.  W.  J.  Keep.  Illustrated.  —Eng.  News.,  Nov. 
28,  1S95,  p.  357. 

CAST  IRON  Tests. 

With  different  percentages  of  aluminum,  by  C.  G.  Taylor.  —Am.  Mach.,  July 
25,   1895,   p.   584. 

CAST  IRON  Tests  of. 

See  TESTS. 
CAST  IRON  AVater  Pipe. 

Its  use,  manufacture,  tests  and  inspection.  Illustrated.  Frederick  H. 
Lewis.  —Gassier,   May,   1895,    p.   17. 

CEMENT. 

See    MASONRY,    MORTAR,    PAVEMENTS.   CONCRETE. 
CEMENT;  American  Portland  . 

Comparison  with  foreign  cements,  and  its  manufacture  and  growing  use. 
William  G.   Hartranft.  — Eng.  Rec,  July  13,  1895,  p.  113. 

CEMENT,   American   Portland    . 

History  of  its  manufacture  and  development,  the  manufacture  of  different 
brands,  and  table  of  long-time  tests.  Robert  W.  Lesley.  —Jour.  Assn.  Eng. 
Socs.,  Vol.  XV,   No.  5,  p.   193  (1S9.5). 

CEMENT,  Blast  Furnace,  Slag  and . 

The  probability  of  the  use  of  the  slag  for  manufacturing  Portland  cement 
when  some  cheap  mode  of  desulphurization  is  found.  — E.  and  M.  Jour.. 
July  6,  1895,  p.   8. 

CEMENT,   Comparative  Adhesive   and  Cohesive  Strength  of  . 

Methods  of  tests  and  results  tending  to  show  that  the  coefficient  varies  from 
0.5  to  5.0;  that  it  is  greater  for  Portland  than  for  natural  cement  and  that  It 
decreases  with  age.  Graduate  work  of  L.  J.  Affelder  and  R.  C.  Brown.  — 
Eng.  News,  May  23,  1895,  p.  S3S. 

CEMENT;    Concrete   and    Portland . 

Summarization  of  data  to  determine  the  most  valuable  tests  for  cement, 
and  of  concrete  to  obtain  data  concerning  its  manufacture  and  manipula- 
tion.   J.    W.    Sandeman.— Proc.    Inst.,  C.  E.,  Vol.  CXXI,  p.  214  (1895). 
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CEMEXT   Laboratory  AVork. 

Methods  and  results  in  the  U.  of  Illinois  cement  laboratory.  Professor  I.  O. 
Baker.  —University  of  Illinois   "Technograph,"   No.  9  (1895). 

CEMEXT  Maiiufnctiired  From  Fiirnaoe  Slag:. 

The  field,  character  of  product,  and  general  plan  of  a  complete  factory.  Il- 
lustrated. Hermann  Crueger.  —Jour.  Assn.  Eng.  Socs.,  April,  1895,  p.  364. 
E.  &  M.  Jour.,  June  1,  1895,  p.  505. 

CEMEXT  MORTAR. 

Experiments  showing  that  stamp  sand  with  cement  gives  about  one- 
third  greater  strength  than  standard  quartz  sand.  — E.  &  M.  Jour.,  Feb.  23, 

1805. 

CEMEXT  3IORTARS,  Effect  of  Freezing   . 

Experiments  corroborating  generally  accepted  principles;  except  that  nat- 
ural cement  mortar  if  unharmed  by  freezing  appears  to  be  improved,  and 
that  a  mixture  of  Portland  and  natural  cements  better  resists  freezing.  Il- 
lustrated. A  prize  thesis  by  Percy  L.  Barker  and  H.  A.  Symonds.  —Eng. 
News,  May  2,  1895,  p.  282. 

CEMEXT  Pavement. 

See  PAVEMENT. 

CEMEXT,   Portland    . 

Proceedings  of  the  1895  meeting  of  German  Portland  cement  makers,  includ- 
ing reports  on  uniform  testing  apparatus,  requirements  of  tests,  influence 
of  magnesia,  the  action  of  sea  water,  and  the  process  of  hardening.  — Sci. 
Am.  Sup.  Dec.  21,  1895,  p.  16649. 

CEMEXT,  Portland   . 

Selection  of  raw  materials  and  their  proper  treatment  by  different  methmls; 
burning,  with  types  of  kilns  used;  reduction  of  the  clinker  to  cement  powder 
and  its  proper  storage;  requirements  of  testing  as  given  in  different  stan- 
dard specifications;  methods  of  testing  and  mechanical  devices  used;  com- 
parative values  of  different  cements;  uses  as  a  material  of  construction; 
proper  methods  of  manipulation;  estimates  of  quantities  and  cost.  Exten- 
sive monograph  by  Prof.  C.  D.  Jameson.  —Univ.  of  Iowa  "Transit,"  Vol. 
Ill,  No.  1,  pp.  1-192  (1895).    Price,  $1. 

CE3IEXT,    Specifloations    for   . 

Portland  cement  and  mortar  tests.  The  significance  of  time  tests,  of  the 
presence  of  sulphuric  acid,  magnesia  and  lime,  of  fineness,  of  specific 
gravity.  Valuable  discussion  by  Frederick  H.  Lewis  and  others.  — Proc. 
Eng.   Club,   Phila.,   Jan.,   1895. 

CEMEXT.  The  Specific  Gravity  of . 

Methods  bf  determination,  with  description  of  two  forms  of  apparatus  used. 
Illustrated.  — Lon.  Engineer,  Sept.  13.  1895,   p.  248. 

CEMEXT  Testing. 

Standard  methods  of  different  countries  compared,  results  of  tests  analyzed 
and  discussed  and  recommendations  concerning  metliods.  Extended  and 
valuablo  investigations.  Illustrated.  Cecil  B.  Smith.  With  discussion.  — 
Trans.   Can.   Soc.   C.   E.  Vol.   IX,   Part   1,   pp.  '_'.'i7-r?04  (1895). 

CEMEXT;  Testing  . 

Report  of  committee  to  the  Canadian  Society  on  a  standard  method  of  tests. 
—Trans.   Can.  Soc.  C.  E.,  p.  54,   (1895). 

CEMEXT   Testing    Machine. 

The  automatic  attachment  to  an   Ohlsen   machine  used  at  La  Fayette  Coi 

lege   by    Prof.    J.    M.    Porter.     Illustrated. —Eng.  Rec,   June  8,   1895,  p.  27. 
CEMEXT,  Tests  of   . 

A  very  extended  series  of  tests  of  natural  and  Portland  cements  for  use  at 

the   Sault   Ste  Marie   improvements.    Results  in  detail.  —Report  of  Chief   of 

Engineers,   U.   S.  A.,   1894,   pp.   2.'?1 1-2363. 
CEMEXT  Works. 

A  general  account  of  the  works  and    processes   of    the    Whitaker    Portland 

Cement    Company.  —Eng.    News,    Jan.    10,   1895. 
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CEMEXTS,  Comnarative  Ecouoiny  of   . 

Determined  by  consideration  of  strength  as  well  as  cost  price  of  the  cements. 
Captain  W.  L.  Marshall,  U.  S.  A.  — Eng.  News,  May  IG,  1S95,  p.  321. 

CEMENTS;  Tensile   Streugtli   of   . 

Tests  and  theoretical  discussion  showing  that  the  full  strength  is  not  de- 
veloped by  the  usual  way  of  breaking  briquettes  in  grips,  but  that  the  true 
tensile  strength  is  probably  one-third  greater  than  such  tests  develop.  M. 
L.    Durand   Claye.— Annales   des   1'.  &  C,  Vol.   7,  No.  6,  p.  G04  (1805). 

CHIMNEYS  and  Draft. 

Abstract  of  article  from  Helios,  the  publication  of  the  Heine  Boiler  Co., 
on   the  draft  of  chimneys   and   their  proportion.  —Power,  Feb.,  1895. 

CHIMNEYS,   Large   . 

See  STACKS. 

CHIMNEYS.   StraigUtenlng 

Illustrated  description  of  the  straightening  of  a  100-feet  chimney  which 
leaned  28  inches.  Paper  read  Vjy  Joseph  C.  Piatt  before  Am.  Society  of 
Mech.  Eiig.,  Sci.  Am.  Sup.,  Jan.  2(5,  1S05.  —Power,  Jan..  ISflS;  Safety- 
Valve.  Dec.  15,  1S94. 

CHUCIv,    Emery   . 

A  new    chuck   for   emery    cylinders.    Illustrated.  —Am.  Mach.,  Feb.  21,  1895. 

CITY  ENGINEERING  Bureau. 

The  ideal  organization,  maintenance  and  methods.  Francis  Collingwood.  — 
Eng.   Mag.,  Vol.  IX,   No.  ;!  (1895).  p.  445. 

CITY,   Planning-  tlie  Site  for  a    . . 

Vital  elements  of  growth  and  progress.  Illustrated  by  the  history  of  the 
plans  for  Philadelphia.  Washington,  Gonzales  City  in  Mexico,  and  St. 
Paul.    Lewis     M.     Haupt.  —Eng.     Mag.,    Jan.,   1895. 

CIVIL  ENGINEER;  The 

His  aims,  field  and  work  in  this  new  epoch  of  the  world's  history.  Presi- 
dent's address  of  Geo.  S.  Morison  before  the  annual  convention  of  the 
American  Society  of  Civil  Engineers. —R.  R.  Gaz.,  June  28,  1895,  p.  i21; 
Eng.  Rec,  June  29,  189.5,  p.  79. 

CIVIL   ENGINEERS'    Convention. 

The  proceedings  at  the  recent  meeting  of  the  American  Society  at  Boston. 
—Eng.  News,  June  27,  1895,  p.  423;  Eng.  Rec,  June  29,  1895,  p.  77. 

CIVIL  ENGINEERS,  tlie  In.stitntion  of . 

History  of  its  inception  and  growth,  its  constitution,  membership  and 
character.  General  illustrated  description  of  buildings  now  to  be  erected 
for  it.  — Lon.  Engineer,  Jan.  18,1895.  Eng.  Rec,  Feb.  9,  1895.  Sci.  Am.  Sup., 
Feb.   23.    1895. 

CIVIL  ENGINEERS.  The  In.stitntion    o£ 

History  of  its  inception  and  growth,  its  constitution,  membership  and 
character.  General  illustrated  description  of  buildings  now  to  be  erected 
for  it.  — Lon.   Engineer,   Jan.   18,   1895. 

C0.4,L,  Consnniption  of   . 

Diagrams  and  an  equation  representing  the  coal  used  per  hour  by  an  Edi- 
son  station   in  Boston.  — Elec.   Eng.,  June   12,    1895. 

COAL  Consumption. 

Tabulated  results  from  24  electric  lighting  stations  showing  the  fuel  econ- 
omy obtained.  Results  carefully  compiled  for  National  Electric  Light  Ass'n. 
—Eng.  Rec,  March  2,  1895.  Eng.  News,  March  14,  1895.  Elec.  World.  March 
2,  1895. 

COAL  Culm. 

Its  utilization  at  Scranton,  I'a.  Method.^  and  results.  Illustrated. —Eng. 
News,  Dec.  26,  1895,   n.   426. 

COAL   HANDLING. 

See    ELECTRICITY. 
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COAl.  lljiinlllngr  Machinery. 

Modern  methods  of  hoisting  and  conveying  coal.  Fully  illustrated.  A.  J. 
Webster.  —Gassier,  Vol.  9.  No.  1,  p.  62  (1895). 

COAL,  Heat  Value  of  . 

Abstract  of  paper  by  Wm.  Forsyth,  of  the  C,  B.  and  Q.  R.  R.,  read  before 
the  Western  Railway  Club.  The  methods  of  determining  the  heat  value  of 
Western  coals  are  discussed.  — Ry.  Eng.  &  Mech.,  Feb.,  1895. 

COAL  MIXE   Snrfa««e  AVorUs. 

The  North  Staffordshire,  England,  mines,  and  details  of  surface  machinery 
and  works  whereby  cost  of  labor  at  surface  is  reduced  to  one-twelfth  of 
total  expenses  for  labor.  Edward  Brownfleld  Wain.  Discussion.  — Proc. 
Inst.  C.  E.,  Vol.  119. 

COAL  Storage  Plant. 

The  extensive  construction  at  Port  Richmond  for  the  P.  and  R.  R.  R.  on  the 
Dodge    system.    Illustrated.  — R.    R.  Gaz.,  May  31,  1895. 

COAL,   Storing  and  Distribnting   . 

Jeff  ley  coal  storing  and  distributing  plant  at  Johnstown,  Pa. —Illustrated. 
— Power,  Jan.,   1895. 

COAL,  Te.st.s  on   . 

A  comparison  of  the  cost,  at  Chicago,  of  generating  steam  with  Eastern  and 
Western  coal,  from  tests  made  by  R.  W.  Hunt  &  Co.  —Safety  Valve,  April 
15,  1895. 

COAL,  Use  of  Small  Sizes  of  Antliracite  for  Generating  Steam. 

Methods  for  determining  size,  specific  gravity,  moisture,  etc.  Eckley  B. 
Coxe.  —Trans.  A.  S.  M.  E.,  Vol  XV. 

COALIXG  STATION  for  Locomotives. 

The  new  structure  at  Fargo,  N.  D.,  using  the  Dodge  conveyor  and  having 
a  capacity  of  3500  tons.    Illustrated.  — R.  R.  Gaz.,  May  3,  1S95,  p.  280. 

COFFERDAMS  Used  at  Queen's  Bridge,  Melbonrne,  Australia. 

Water-tight  tarpaulin  used  in  place  of  clay.  Details  given  by  W.  R.  Reu- 
nick.  —Eng.  News,  April  4,  1895. 

COLLMN,    Formula . 

A  new  a'ld  simpler  formula  for  practical  use  in  the  design  of  short  columns 
with  eccentric  and  concentric  loads.  With  diagram.  Prof.  J.  B.  Johnson.  — 
Eng.    News,    Aug.   1,    1895,    p. 67. 

COLIMX   Formula. 

Discussion  of  Prof.  Johnson's  recently  published  formula.  —Eng.  News, 
Aug.  29,   1895,  p.  140. 

COLIJMX   Formula. 

Further  Discussion  of  Prof.  Johnson's  recently  published  formula  by  Henry 
S.  Prichard  and  Prof.  J.  B.  Johnson.  Eng.  News,  Sept.  26,  1895,  p.  202;  Eng. 
News,  Oct.  31,  1895,  p.  299. 

COLIMX    Formulae. 

Discussion  of  Euler's  formula  with  its  assumptions,  limitation  and  lim.cing 
length,  and  a  new  formula  for  long  struts  devised,  which  is  compared 
with  other  recent  ones  of  like  nature.  Prof.  A.  J.  Du  Bois.  —Eng.  News, 
Aug.   22,   1895,   p.   115. 

COLUMXS.    Test    of   the    Strength    of   . 

Abstract  of  paper  liy  Gactano  Lanza  and  Edward  F.  Miller,  read  before  the 
A.  S.  M.  E.  Results  of  18  tests  on  spruce  columns  are  given.  — Ry.  E.  &  M., 
Jan.,  1S95. 

COMPRESSED    AIH. 

See   AIR. 

COMPRESSED  AIR  Power. 

Its  advantages  and  apijlication  to  quarry  work.  Illustrated.  William  L. 
Saunders.  —Stone,  May,  1S95,  p.  563. 
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COMPRESSED    AIR;    AVorUing    in . 

History  Of  early  development  and  experiments.  Tests  showing  that  under 
proper  conditions  men  can  work  under  pressures  up  to  77  pounds.  — Lon. 
Eng.,  July  12,  1S95,  p.  34.    Abstract.   Eng.  News,  Aug.  1,  1895,  p.  67. 

COMPRESSOR   iiinl  Pump. 

See  PUMP. 

COMPUTER  for  Application  of  Kutter's  Formnla. 

Slide  rule  application  to  this  formula,  securing  its  easy  application.  Wm. 
Cox.    Illustrated.  —Eng.    News,    July  18,  1895,  p.  44. 

CONCRETE. 

See  BEACON  TOWER,  BETOX,  BRIDGE,  CEMENT,  DAM,  DOCKS, 
MASONRY.    SEA    WALL. 

CONCRETE  Arcli  Bridge. 

See   BRIDGE. 

CONCRETE  Beacon  Tower. 

See  BEACON. 

CONCRETE  Bridge. 

See  BRIDGE. 

CONCRETE   antl    Cement. 

See  CEMENT. 

CONCRETE  Conduit   Construction. 

The  Ransome  system  of  monolithic  construction  lately  used  at  Denver,  Col., 
and  Oakland,  Cal.  The  apparatus  consists  of  an  inner  core  and  an  outer 
mold  between  which  the  concrete  is  deposited.  Illustrated.  — Eng.  News, 
April  4,  1895. 

CONCRETE   CONSTRUCTION. 

See  ILL.  &  MISS  CANAL. 

CONCRETE    Constrnotion. 

The  monolithic  dock  foundations  at  Newcastle,  England.  —Eng.  News, 
April  4,  1895. 

CONCRETE  Construction  on  tlie  Lonesome    Valley   Viaduct. 

Methods  and  efficiency  as  used  for  the  substructure  of  this  viaduct  on  the 
Knoxville,  Cumberland  Gap  and  Louisville  R.  R.  Gustave  R.  Tuska.  With 
discussion.— Trans.    A.    S.    C.    E.,   Vol.  XXXIV,  No.  3,  pp.  247-258  (1895). 

CONCRETE.  Hydraulic   . 

Materials  may  be  so  chosen  as  to  require  a  less  quantity  of  cement  and  so 
reduce  cost.  When  so  used  the  larger  ingredients  should  be  wet  and  mingled 
and  the  finer  sand  and  concrete  mixed  dry  arid  then  incorporated  with  the 
larger.       C.     H.     Piatt.  Eng.     News,   Feb.   21.   1895. 

CONCRETE,  The  Consistency  of  . 

Discussion  of  wetting  the  mixture  to  the  extent  of  its  "quaking"  when 
rammed,  as  specified  for  Chicago  Drainage  Canal  Works.  —Eng.  News,  Nov. 
21,  1895,  p.  347. 

CONCRETE-IRON    and    Iron-Concrete. 

Proposed  distinction  between  these  terms.  Fr.  von  Emperger.  —Eng.  News, 
May   9,   1895,  p.   306. 

CONCRETE,  Notes   on   . 

Percentage  of  voids  in  different  materials  and  consequent  proportions.  The 
effect  of  a  proportion  of  gravel  or  small  stone  to  strengthen  the  product. 
Spencer  B.   Newberry.   — Sci.   Am.   Sup.,   Feb.  9,  1895. 

CONCRETE,    Portlantl     Cement   . 

Methods  and  details  used  at  Fort  Point,  California.  Hand-made  concrete 
cost  50  per  cent,  more  than  the  machine  made  for  labor.  George  H.  Men- 
dell.  —Jour.  Assn.   Eng.  Socs.,   March,   1895. 

CONCRETE  and  Steel  in  Combination. 

Discussion  of  their  combined  strength  (1)  when  the  concrete  cracks  at 
bottom,  (2)  when  steel  bar  passes  its  elastic  limit,  and  (3)  when  concrete 
fails  in   compression.    Prof.  J.   B.   Johnson.  —Eng.  News,  Jan.  3,  1895. 
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CONCRETE   and   Wire   Constrnctlon. 

See    BUILDIXG    CONSTRUCTION. 

CONCRETE   and   Wire   Floor, 

See  BUILDING  CONSTRUCTION. 

CONDUIT. 

See   EUEtn'RlC   CONDUIT. 

CONDIIT,   Electric  . 

System  of  the  Third  Avenue  Ry.  Co.,  New  Ttirk.  Illustrated.  —St.  Ry. 
Jour.,  Aug.,  1895,  p.  532. 

CONDIIT,    Electric    . 

The    Horde    system.      Illustrated.  — Elec.   Rev.,  Nov.  8,   1895,  p.  563. 

CONDIIT.   Electric  Railway  , 

Of  the  Metropolitan  Railroad,  Washington.  Illustrated.  —St.  Ry.  Jour., 
Jan.,    ISO.".. 

CONDIIT  for  Electric  Street  Railways. 

The  E.  M.  System.     Illustrated.  —Elec.  Eng.,   Oct.  2.3,   1895,  p.  392. 

CONDI  IT.  The  Love  -. 

A  year's  operation  of  this  system  Oi'  underground  electric  wires  on  a  Wash- 
ington line  shows  it  to  be  but  partially  successful.  —St.  Ry.  Rev.,  Jan., 
1895. 

CONDUIT  SYSTEM,  Electric  Railway   . 

See  ELECTRIC  RAILWAY. 

CONDIITS. 

See    ELECTRIC    RAILWAY    CONDUIT.       Concrete.    Tests. 

CONDIITS,  Testing  Cast  Iron    . 

See  TESTS. 

CONDIITS,    Indersround    . 

The  Buda-Pesth  and  Lenox  Avenue  conduits,  and  the  Love.  Connett  and 
Wheless   systems.     Illustrated.  — R.  R.  Gaz.,  Sept.  13,  1895,  p.  599. 

CONTINUOUS    RAIL. 

See  RAIL. 

CONTRACT.  History  o£  an  Engineer ingr   . 

Details  of  a  suit  over  classification  of  materials  and  work  on  railroad 
building  in  South  Dakota.  Francis  C.  Tucker.  —Jour.  Ass'n  Eng.  Socs. 
Vol.   XV..   No.   1,   pp.  44-56. 

COPPER.  Strength  of   -^. 

Experiments  on  the  strength  of  copper.  Paper  by  Prof.  A.  IMartens,  from 
Proc.   Inst..  C.  E.  — Prac.  Engr.,  Feb.  8,  189.5. 

CORROSION  of  noilers  and  SteaniKliips. 

Causes  and  preventatives.  Galvanic  action  the  great  cause,  and  cleaning 
from  shop  scales  or  introducing  zinc  in  metallic  contact.  William  C.  Ward. 
— Cassier,   April,   1895. 

CORROSION   of  Metals  Under   Stress. 

Results  of  tests  by  Thomas  Andrews  indicate  that  the  effect  of  stresses  is 
to  lessen  corrosive  action.  —Eng.  Rec,  March  16,  1895. 

COUNTERIIAI.ANCING    of    Locomotives. 

See   LOCo:MOTIVES. 
COUPLINGS.   Recent    . 

An  illustrated  article  describing  several  new  couplings  invented  in  France. 
— Prksch.    Msch.    Cnstr.,    May   6,    1895. 

CRANE;  Forty  Ton  Self-Propelling  . 

The  great  and  novel  crane  for  the  Mare  Island  Navy  Yard.  Illustrated.  — 
Eng.  News,  June  27,   1895,  p.  419. 

CRANE,  Foundry    . 

An    illustrated    artirlc  ilcscribing  a  soemingly      very      good    foundry    crane. 

All  details  are  given  in  excellent  illustrations.  — Prktsch.  Msch.  Cnstr., 
June  6,  1895,  et  seq. 
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CRANE,    Pneumatic  . 

Article  describing  a  pneumatic  crane  in  the  railway  shops  of  the  Delaware, 
Lackawanna  and  Western  Railway  at  Buffalo.  The  article  is  well  illustra- 
ted.—Prktsch.     Msch.    Cnstr.,    May  9,    1895. 

CRANES. 

For  the  Harbors  of  Dirschau,  IViarienburg  &  Jordan,  on  the  River  Weich- 
sel.  A  valuable  and  very  fully  illustrated  article  by  Prof.  Mehrtens,  de- 
scribing the  new  cranes  erected  during  the  last  few  years.  — Ztsch.  Ver. 
Ing-.,  Dec.   1.".,   lS9."i. 

CRANES  Locomotive  . 

Their  characteristics,  advantages,  details  of  construction  and  use.  Exam- 
ples and  illustrations  of  different  current  types.  Wm.  L.  Clements.  —Gas- 
sier, March,  1895. 

CRIB  Breakwaters. 

Their  stability  considered.  The  effect  of  the  impact  of  wave  action  on  the 
inner  walls  is  much  greater  than  on  the  outer.  Its  bearing  on  the  proba- 
bility   of   failure.  — Eng.    Rec,    Feb.  23,  1895. 

CRIB    Construction. 

Methods    and    cost    of in   Chicago  harbor.    Fully   illustrated.    Capt.    W.    D. 

Marshall.  —Eng.   News,  Jan.   10,   1895. 

CRIB-AVORK   Coffer  Dam. 

Method  of  t-fficlent,  easy  and  economical  construction.  W.  H.  Dechant.  With 
discussion.  — Pnjc.    Eng-.    Club.,    Phila.,  Vol.  XII,  Xo.  L'.  i>.  lt»  (1895). 

CROSSING.  Railway   . 

Standard  steam  and  street  railway  ci-ossings  of  the  Chicago  City  Railway 
Co.    Illustrated.  —St.    Ry.    Jour.,    Jan.,   1895. 

CRUSHER,  Portable  Rock  . 

Description  of  the  Buchanan  crusher,  giving  its  advantages.  Illustrated. 
—Eng.  News,  March  7,  1895. 

CRYSTALLIZATION  of  Steel. 

Explanation  of  fracture  as  due  to  crystallization  urged  to  be  a  mistake. 
Editorial  discussion.  — R.  R.  Gaz.,  March  15,  1895. 

CULVERTS,    Brick    Arcli 

Construction  on  the  St.   Louis,   Keiokuk  and   Northwestern   R.   R.    extension. 
Illustrated.  —Eng.  News.,  May  30,  1895,  p.  347. 
CURRENT    MEASUREMENTS. 

See    DISCHARGE. 

CURRENT  METER.  Tlie  Ritcliie-Hasfeell  

An  electrically  registering  meter  having  a  wheel  <of  the  screw-propeller 
form  and  a  fish-shaped  body  containing  a  magnetic  needle  for  determin- 
ing sub-aqueous  direction.  —Eng.   News,  Jan.  10,  1895. 

CURRENT    METER;    AValtnian's . 

Article  by  M.  Schmidt  in  which  the  methods  are  described  which  have 
been  used  iiT_Munich  for  determining  the  coefficient  of  the  above  Instru- 
ment.—Ztsch.    Ver   Ing.,    Avig.    3,    1895,  et  seq. 

CURRENT    METERS. 

See    METERS. 
CURRENT  METERS  and  Their  Rating. 

The  Price  meter,  having  six  conical  cups  revolving  horizontally,  revolu- 
tions announced  pneumatically  to  the  ear  of  the  observer.  Details  of  rat- 
ing the  meter.  — Eng.  News,  Jan.  10,    1895. 

CYLINDER  CONDENSATION  Tests. 

Tests  at  Perdue  University  on  a  t?aldwin  Comptiund  Locomotive,  showing 
that  cut-off  and  boiler  pressure  aie  the  principal  factors,  speed  having 
comparatively  little   effect.  — R.   R.  Gaz.,  Sept.  20,  1895,  p.  616. 

CYLINDER  WALL. 

The  temperature  cycle,  as  shown  by  photograph.  Also  determination  of 
quality  of  steam  as  compared  with  the  temperature  of  the  cylinder.  Illus- 
trated.    E.     Th'os.     Adams.  — Cassier,  Jan.,   1S95. 
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CYLINDER  WALLS;  Heat  Losses  in  a    Steam  Engine    . 

Experiments  and  results,  with  diagrams  and  tables.  S.  H.  Barraclough  and 
L.   S.   Marks.— Proc.   Inst.,   C.    E.,   Vol.  CXX,  p.  323  (1895). 

DAM   and   Weirs. 

Modified  form  of  the  bear-trap  dam  as  applied  by  Maj.  W.  A.  Jones,  at 
Sandy  Lake,  Minn.  The  application  of  the  simple  and  inexpensive  timber 
construction  shown  to  be  practicable  for  automatic  quick-acting  dams  even 
with  lock   gates.  — Eng.   Rec,    Feb.  2,  1895. 

DAM,  Failure  of  tlie  Bouzey  Reservoir  . 

Method  of  its  construction  and  its  history.  Probable  mode  of  failure.  — 
Lon.  Eng.,  May  3,  1895,  p.  583.  Eng.  News,  May  9,  1895,  p.  312.  — Lon.  Engi- 
neer,  May  31,   1895,  p.  383;  Eng.  News,  May  23,  1895,  p.  332. 

DAM;    OverflOTT   at    tbe    S-weetTvater . 

A  flood  overtaxed  the  waste  weir  of  thick  arched  masonry  dam,  causing 
a  flow  over  the  parapet  of  22  inches,  without  injury  to  the  dam  itself.  Il- 
lustrated. —Eng.    News,    Aug.    15,    1895.  p.  111. 

DAM,   Repairs  to  Colioe-s   . 

Methods  used,  with  materials.  Details  of  the  steel  apron  applied  in  the 
construction.  —Eng.  Rec,  April  13,  1895. 

DAM;  The  Bonzey . 

Article  by  Prof.  MoUer  describing  the  above  dam  and  explaining  for  Its 
failure.    Illustrated.- Jour.   F.   Gasb.  U.  "Wasserv,  June  22,  1895,  et  seq. 

DAM.  The  Dunnings   . 

Dam  of  fifty  feet  height,  partly  of  earth  and  partly  of  masonry.  Foun- 
dation partly  on  rock,  partly  on  earth.  Details  of  construction  of  dam, 
wing-walls,  spill-way,  apron,  gate  chamber  and  other  features.  Paper 
by  E.    Sherman   Gould,   with   discussion.  —Trans.  A.   S.   C.   E.,   Nov.,   1894. 

DAM;  tl»e   Goulburn . 

A  large  dam  for  furnishing  water  for  irrigation  in  Victoria,  Australia. 
Height,  45  ft.;  length,  695  ft.  With  description  of  the  headworks  bf  the 
canals.    Well   illustrated.  —Eng.    News,  July  25,  1895,  p.  53. 

DAM;    tlie    Otay  . 

A  loose-rock  dam  now  being  constructed  for  the  Mt.  Tecarte  company, 
and  interesting  chiefly  for  the  use  of  sheet  steel  embedded  in  concrete  to 
form  an  impervious  core.  Total  height  160  feet.  Illustrated.— Eng.  Rec, 
Sept.  28,  1895,  p.  310. 

DAM,  Tlie  Tietieus   . 

General  review  of  the  Croton  watershed  system,  with  location  of  dam,  plan, 
sections  and  general  description  of  this  dam  which  forms  one  of  the  Cro- 
ton   series.    Illustrated    serial.  —Eng.  Rec,  June  22,  1895,  p.  58,  et  seq. 

DAMS. 

See  MASONRY,    RESERVOIRS,   WATER  WORKS. 

DAMS;  Faiinre   of  Masonry   . 

The  fact  that  well-designed  dams  have  failed  attributed  to  developing  fis- 
sures permitting  the  introduction  of  water  under  considerable  pressure. 
As  safeguards  are  the  building  of  monolithic  masonry,  and  of  a  guard- 
wall  that  will  prevent  water  reaching  the  body  of  the  dam  under  pressure. 
— Annales  des  P.   &  C,  Vol.   7,  No.  7,  pp.  77-89  (1895). 

DAMS,  High  Masonry    , 

General  corsideration  of  theory,  with  the  advocacy  of  a  cross  section  to  pro- 
vide for  vertical  pressure  of  water  over  all  the  base  of  dam  as  well  as  the 
ordinary  horizontal  pressure.  John  D.  Van  Buren.  With  discussion. — 
Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  6,  pp.  493-520  (1895). 

DAMS,  Movable 

American  types  and  their  development.  Present  practice  in  this  country, 
and  examples  of  their  use.  Lieut.  Hiram  M.  Chittenden.  —Eng.  News,- 
Feb.  7.  1895. 
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DANUBE:.  Regulation  of  the   . 

Paper  by  H.  Arnold  read  before  the  Society  of  German  Engineers  at  Berlin. 
A  thorough  description  of  this  interesting  work.  Well  illustrated.  — Ztsch 
Ver  Ing.,  Feb.  2,  1S95,  et  seq. 

DANUBE,  Removal  of  the  "Iron  Gates"   of  the   River   . 

History,  general  description  and  details  of  this  great  and  important  under- 
taking.   Illustrated.    Oscar    Guttmann.  — Proc.  Inst.  C.  E.,  Vol.  119. 

DEPOT  AT  ST.  LOUIS;  Heating:  and    Ventilation   of  . 

See    HEATING    AND    VP^NTILATION. 

DESIOX,  Some  Thtmjihts  on  ^laeliine    . 

The  first  of  a  series  of  articles  on  machine  design  by  De  Volson  Wood.  — 
Amer.  Mach.,  June  6,  1895, 

DISCHARGE. 

See  WEIRS. 

DISCHARGE   Measurements. 

Methods  and  results  for  Virginia  and  West  Virginia  rivers.  D.  C.  Hum- 
phreys. —Jour.  Assn.   Eng.   Socs.,   Vol.  XV,  No.  5,  p.  187  (1895). 

DISCHARGE   Measurements   of  Streams. 

Methods  of  the  U.  S.  Geological  Survey,  with  results.  F.  H.  Newell.  With 
discussion.  —Proc.    Eng.    Club,    Phila.,   Vol.   XII,   No.  2,   p.   12.5  (1895). 

DISCHARGE   of  a  Thirty  Inch  Stop   Valve. 

Methods  and  results  at  Newark,  N.  J.  J.  Waldo  Smith.  With  discussion. 
—Trans.   A.   S.   C.   E.,   Vol.   XXXIV,  No.  3,  pp.  235-246  (1895). 

DISCHARGE    of    the   Mississippi    River. 

Unusual  difficulty  of  securing  satisfactory  results.  Consideration  of  condi- 
tions, regimen  of  river,  some  different  measurements  and  peculiarities  of  in- 
fluences. Methods  and  results.  Illustrated.  William  Starling.  —Trans.  A.  S. 
C.    E.,    Vol.    XXXIV,    NO.    5,    pp.    347-492   (1895). 

DOCKS. 

See    QUAYS. 

DOCKS;   the   Kidderpur   . 

Materials,  plans  and  erection  of  these  Calcutta  docks.  W.  D.  Bruce.  Also 
details  of  the  movement  of  the  walls  while  in  course  of  erection.  J.  H. 
Apjohn.— Proc.    Inst.,    C.    E.,    Vol.    CXXI,  p.  S8  and  p.  104  (1895). 

DOCKS,   The   New    Gla^trovs-    . 

Recent  improvements  in  this  important  port.  Illustrated  serial.  — Lon.  Eng., 
Sept.  6,  1895.  p.  293,  et.  seq. 

DOCKS;  the  Tilbury 

Construction  and  equipment  of  these  docks,  built  mainly  of  concrete  com- 
posed of  10  parts  ballast  to  1  part  of  Portland  cement.  J.  F.  Scott.— Proc. 
Inst.,  C.  E.,  Vol.  CXX,  p.  276  (1895). 

DRAFT,  Indueetl   . 

The  superiority  of  an  exhaust  draft  over  a  ft>reed  draft.  W.  A.  Martin.  — 
Lon.   Engineer,  April  26.    189.5,   p.  364.    Sci.  Am.  Sup.,  May  11,  1895,  p.  10,136. 

DRAFT  SHEET  for  Locomotive. 

See  LOCOMOTIVE. 

DRAINAGE. 

See  S.'^NITATION. 

DRAINAGE  of  the  British  Honscs  of   Parliament   . 

History  of  the  former  systems  used,  with  the  new  works  of  1886.  Illus- 
trated. —Lon.   Engineer,  June  21,  1895,  p.  526. 

DRAINAGE    CANAL;    the    Chicago . 

Its  probable  effect  on  lake  levels,  in  report  to  the  Chief  of  Engineers,  U. 
S.  A.;  also  the  investigation  of  L.  E.  Cooley;  and  a  consideration  of  the 
regulation  of  lake  levels  by  Geo.  Y.  Wisner.  With  editorial  comment.— 
Eng.   News,   Oct.  3,   1895,  pp.   210,  211,  230  and  220. 
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DRAINAGE  CHANNEL.,  The  Chlcagro  • 

Oomplete  history  of  the  work,  and  methods  adopted  by  the  engineers  and 
contractors  in  its  planning  and  execution.  An  important  series  of  articles 
giving-  much  valuable  informatiion  in  detail,  with  numerous  illustrations.  — 
Eng.    News,   May  16,    1S95,   p.   314   et  seq. 

DRAINAGE  CHANNEL,,  The  Chleaso    Main    ■ . 

Selection  of  route,  determination  of  most  economical  cross-section,  control 
of  the  Desplaines  River  and  exclusion  of  its  flood  waters  from  the  main 
channel,  construction  of  supply  channel  from  Lake  Michigan  and  of  regu- 
lating works,  railway  changes  and  bridges  necess.ary,  particulars  of  ex- 
cavation in  earth  and  rock  with  machinery  aaid  methlods  used.  Valuable 
series  of  papers  on  this  great  engineering  work,  running  through  about  six 
months  of  publication.  —Eng.  News,   May  16,   1895,    et  seq. 

DRAINAGE  CHANNEL,  The  Chicago   Main  . 

Details  of  the  work  of  excavation  on  sections  "M"  and  "L."  Illustrated. 
—Eng.  News,   June  13,  1805,  p.  390. 

DRAINAGE  CHANNEL,  The  Chicago   Main  . 

Fifth  paper,  giving  details  of  excavation,  principally  in  clay  of  sections 
"G"  and  "H"  by  the  double  cantilever  conveyor,  twvj  incline  conveyors  and 
the  belt  conveyor.    Illustrated.  —Eng.  News,  June  20.  1895.  p.  394. 

DRAINAGE    CHANNEL;   The   Chicago   Main  . 

Seventh  paper  giving  details  of  work  and  methods  on  sections  D  to  A.  Il- 
lustrated. —Eng.  News,  July  4,  1895,  p.  12. 

DRAINAGE   CHANNEL;  the  Chicago   Main . 

The  Lemont  division,  containing  description  of  hard  excavation  and  ma- 
chinery used  in  its  removal.  Illustrated.  A  Iso  other  similar  divisions. 
Continuation    of    the    serial.  —Eng.   News,  Aug.  1,  1895.  p.  68,  et  seq. 

DRAINAGE    CHANNEL;  The   Chicago   Main  . 

The  steam  shovels  used,  and  their  work  illustrated.  —Eng.  News,  July  18. 
1895,   p.  37.  "'  ' 

DRAINAGE   CHANNEL;   The   Chicago   Main  . 

The  Willow  Springs  division,  giving  details  of  the  diversion  of  the  Des- 
plaines River  and  excavation  in  easy  and  hard  soils.  Sixth  and  eighth  pa- 
pers. Illustrated.  —Eng.  News,  June  27,  1895,  p.  415,  and  July  11.  1895, 
p.  22. 

DRAINAGE  CHANNEL,  The  Chicago    Main   . 

Third  paper,  describing  the  excavations,  bridges,  dredges  and  their  ma- 
chinery of  the  Summitt  Division.  —Eng.  News,  June  6,  1895,  p.  363. 

DRAINAGE  of  the  Haarlem  Meer,  H«>llan(I. 

History  and  description  of  this  work  and  of  the  pumping  plant.  Illustrated. 
— Lon.   Eng.,    March  8,   1895. 

DRAINAGE   of  Hoii.ses. 

See   SANITATION. 

DRAINAGE   of  New  Orleans. 

Peculiar  complications  resulting  irum  topographical  features,  the  general 
surface  being  a  practical  level  which  is  considerably  below  the  Mississippi 
River,  and  even  below  Lake  Ponchartrain  and  the  Gulf.  Extensive  investi- 
gations and  general  plans  formed  for  drainage  by  ths  aid  of  pumping  sta- 
tions. Illustrated.  —Eng.  Rec,  May  25,  1895,  p.  454.  Eng.  News,  May  30, 
1895,  p.  356. 

DRAINAGE  of  the  Zuycier  Zee. 

General  plans  and  intended  effects.— Lon.  Eng.,  Jan.  IS,  1895.  Sci.  Am. 
Sup.,  Feb.  16,  1S05. 

DRAINAGE  of  the   Znyrter  Zee,  Holland. 

General   plans   and    their  effects.— Lon.  Eng.,  Jan.  18,  1895. 

DRAINAGE,    Suhsevrer   . 

Methods  for  discharge  of  sewage  in  basements  below  the  sewer  level.  Il- 
lustrated. —Eng.    Rec,   Sept.   14,   1895,   p.  282. 
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DRAINAGE  System  of  ilie  Valley  of   Mexico. 

Topography  of  the  valley,  and  plans,    purposes    and    effects    of    the    system. 
Don   M.    Romero.  — Eng.    Mag.,    Jan.,  1895. 
DRAINAGK   Tl.WEL   aiirt  Electric   Pljiiit   at   the   Ontario   Mine,  Utali. 

Tunnel  about  three  miles  long-,  costing  $30  per  foot.  The  water  drained 
from  the  mine  is  utilized  in  developing  power  for  transmission  to  the  mme 
for  electric  lighting.   C.   R.  McKay. —Eng.  Mag.,  Vol.  IX.  No.  G,  p.  1079. 

DRAINAGE  with  a  Scourinjf  Dredge. 

Excavating  in  the  pens  of  Ijincolnsnire,  England,  by  means  of  a  scouring 
dredge  that  lotosens  deposits  In  shallow  streams  which  floods  transport  to 
sea.  — Lon.,    Eng.,   July  5,   1895,   p.   18. 

DRAINAGE  WORKS   of  Pari.s. 

The  new  construction  and  plan  which  consists  in  intercepting  the  sewage 
formerly  discharged  into  the  Seine  and  carrying  it  through  a  main  sewer, 
crossing  the  Seine  three  times,  to  the  sewage  farms  at  Acheres.  —Lon.  Eng., 
April  26,  1895,  p.  529. 

DRAAVING  for  Engineers.  , 

Siome  fundamental  principles  and  facts.  Frank  Aborn.  — Jour.  Ass'n  Bing- 
Socs.,  Vol.  XIV,  No.  C,  p.  541  (1895).    Sci.  Am.   Sup.,   Sept.   14,   1895,  p.   16,4-». 

DRAWING  for  Engineers • 

Some  fundamental  principles  and  facts.  Frank  Aborn.  —Jour.  Ass'n  Eng. 
Socs.    Vol.    xiv,   No.   0,   p.   541,   1895. 

DRAAVING,  Mechanical  . 

See  ENGINEERING  EDUCATION. 

DRAWINGS. 

The  proper  method  of  projection  in  mechanical  drawings,  with  compari- 
son of  the  first  and  third  angle  method  and  list  of  colleges  using  the  third 
angle  method.  —Am.  Mach.,  April  11,  1895. 

DREDGE;    Agitating:^ 

Abstract  of  article  describing  the  dredge  used  in  the  drainage  of  the 
Lincolnshire     fens.    Illustrated.— Eng.   Rec,  July  27,   1895,  p.  148. 

DREDGE;An    Ocean-soing-    Hydraulic . 

Details  of  the  new  dredge  for  the  Galveston  work.  —Eng.  News,  Aug.  8. 
1895,  p.  91. 

DREDGE;  A   Scouring  . 

See     DRAINAGE. 

DREDGE    for    the    Dannhe    Regulation  WorUs  . 

The  hopper  dredge  "Percy  Sanderson,"  holding  1250  tons  of  debris  and 
provided  both  with  steel  buckets  and  a  suction  pump.  Illustrated.  —Lon. 
Eng.,  Aug.  9,  1895,  p.  178. 

DREDGE,  The   Hussey  Delivering  . 

Excavation  by  buckets  delivering  into  a  hopper,  thence  discharged  by  at- 
mospheric pressure  into  a  vacuum  chamber,  whence  it  is  discharged  by 
steam  pressure  through  the  delivery  pipe.  Illustrated.  —Eng.  News,  June 
i:!,    1895,   p.   370. 

DREDGE,  Hydraiilic    . 

As  built  for  works  of  improvement  at  the  junction  of  the  Red,  Atchafalaya 
and  Mississippi  Rivers,  and  having  some  novel  features.  Illustrated.  Re- 
port of  Chief  of  Engineers,  U.  S.  A.,  1894,  p.  2976. 

DREDGE,  Suction    — . 

Plans  and  details  of  the  most  powerful  hydraulic  dredge  yet  built.  Ca- 
pacity 1600  cu.  yds.  per  hour.  Well  illustrated.  Eng.  Rec,  Dec.  14,  1895,  p. 
21. 

DREDGES   and   Dredging. 

Different  methods  Of  handling  dredged  material  and  of  excavation  and  dif- 
ferent types  of  dredges.  Comprehensive  and  instructive  editorial.  —Eng. 
News,  June  13,  1895,  p.  384. 
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DREDGING,  Cost  of   . 

Table,  with  description,  showing  the  cost  on  the  Lower  Danube  to  be  about 
4  cents  per  cubic  yard,  excluding  original  cost  of  plant.  C.  H.  L.  Kuehl.  — 
Prvjc.  Inst.  C.  E.,  Vol.  119.    Eng.  News,  May  9,  1895,  p.  308. 

DREDGING,  Cost  of  . 

Table,   with  description  showing  the   cost  to    be   about   4    cents    per    cubU 

yard,  excluding  original  cost  of  plant.  C.  H.  L.  Kuhl.  — Proc.  Inst.  C.  E., 
Vol.  119. 

DREDGING  WitU  Comiiressctl  Air. 

The  Moormann  apparatus  as  used  on  the  Weser  river.  The  river  bottom 
is  loosened  and  the  material  driven  upward  by  the  air  jet  and  carried 
away    by    th-,^    current.  —Eng.    News.  Jan.    IT,    ISO.i. 

DRILL-PRESS;  Multiple   . 

An  article  in  which  a  very  large  and  well  designed  drill-press  for  boring 
the  rivet  holes  in  boilers  is  fully  described  and  illustrated.— Ztsch.  Ver.  Ing, 
Oct.  5,  1895. 

DRILL.  Rapid  Rock   . 

Details  of  construction  of  the  Optimus  drill,  which  utilizes  for  the  back- 
ward stroke  the  air  used  for  the  forward  stroke,  giving  greater  efficiency 
and  a   saving  of   Compressed   air.  — Lon.  Engineer,  Dec.  28,  1894. 

DRILLING  MACHINE   Radical    

Made  by  the  Lodge  &  Davis  Co.    Illustrated.    Am.    Mach.,    May    16,   189.5,   p. 

■SSi. 

DRILLS. 

See  KLECTRIC  DRILLS.   ROCK  DRILL. 

DRILLS.   Itraiidt's  Rock   — . 

Rotary  drills  driven  by  hydraulic  power  to  be  used  in  the  Simplon  tunnel. 
The  design  of  these  drills  illustrated.  — Lon.  Engineer,  January  25,  1895. 
R.  R.  Gaz.,  March  1,  1895.    Scl.  Am.  Sup.,  March  9.  1895. 

DRILLS,  Uruudt'.s  RocI*:   . 

Rotary  drills  driven  by  hydraulic  power  to  be  used  in  the  Simplon  tunnel. 

The  design  of  these  drills  illustrated.  —Lon.  Engineer,  Jan.  25,  1895. 
DRILLING  BIACHINE. 

Baker  Bros',  multiple  spindle  drilling  machine.  Illustrated.  —Am.  Mach., 
Jan.    10,    1895. 

DRILLING   MACHINE. 

Multiple-spindle  drilling  machine,  made  by  Habersang  &  Zinzen,  of  Dus- 
seldorf.    Illustrated.  —Am.     Mach.,  Feb.  14,  1895. 

DROP   HAMMERS. 

Foundations  for  drop  hammers,  by  Carl  Norland.  Illustrated.  —Am.  Mach., 
Feb.  14,  1895. 

DRY   DOCK    at    Soutliampton. 

See   HARBOR    IMPROVEMENTS. 
DRY  DOCK   on   the  Tyne   . 

The  concrete  Wallsend  dock;  length  545  ft.,  width  88  ft.,  depth  25  ft.  Il- 
lustrated.   John     Thompson.— Proc.  Inst.,  C.  E.,  Vol.  CXXI,  p.  208  (1895). 

DRY  DOCK;  the  Chicago  Ship  Bnildiiiii;:    Company's   New . 

Total  length,   475  ft.;   width  at  top,   100  ft.,  and  at  floor,  SO  ft.;   depth,  201^ 

ft.     Illustrated.  —Eng.   News,  July  25,  1895,  p.  .50. 
DRY  DOCK;  the   Port   Royal    . 

Length  on  coping,   470  ft.;  width,   12G  ft.;  depth,  26  ft.    General  description. 

Illustrated.— Eng.    Rec,    Oct.    5,    1895,  p.  327. 
DYNAMO. 

New  Brush  arc  light  machine.    Illustrated.  — Elec.   Eng.,   Feb.  20,   1S9.5. 
DYNAMO. 

Safety  device   for  abnormal  potential.      Illustrated.  —Elec.     Eng.,     Feb.     6,- 

1895. 
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DYNAMO. 

See  ETvECTRTCTTY,   ENGINES. 

DYNAMO.   A   Central    Stutiuu   . 

Advantages  of  the  larse  direct-driven  unit  shown.  J.  B.  Cahoon.  — Elec. 
World,   Jan.   5,    181)5. 

DYNAMO,  Antomntic   . 

Improved  Ball  Automatic   Dynamo.      Illustrated.  —Elec.    Engr.,    March    27, 

1895. 

DYNAMO  and  Engine. 

The  advantage  of  mounting  the  dynamo  directly  on  the  shaft  of  the  engine. 
Present  practice  discussed.  Illustrations  of  many  engines  so  constructed. 
Thomas  G.  Smith,  Jr.  —Gassier,  Feb.,  1895. 

DYNAMO  and  Motor. 

Design  of  Direct  Current -.    By  Gano  S.  Dimn.  — Elec.  Eng.,   Dec.   12,   1894; 

Power,   Jan.,    1895. 

DYNAMOS   Driven   by   Gas  Kngrines. 

See  GAS  ENGINES. 

DYNAMOS,  Method  of  Preventing  Arntatnre  Re-actlon. 

By  H.  J.  Ryan  and  M.  E.  Thompson.  Abstract  of  paper  read  before  the 
American  Institute  of  Electrical  Engineers.  Illustrated.  —Elec.  Engr., 
March  27.   1895. 

DYNAMOMETER  Absorption. 

New  forms.     W.  F.   M.  Goss.     Illustrated.  —Safety  Valve,  July  15.  p.  31. 

EARTHWORlv,   Grapbioal    Study   of    Hani    of   . 

Method  of  studying  questions  of  this  nature  graphically.  Explanations  with 
diagrams.    Prof.  C.  F.  Allen.    R.  R.  Gaz..  May  24,  1895,  p.  326. 

EDUCATION,  Relation  of  Teelinieal  to  Liberal   . 

A  paper  read  by  C.  M.  Woodward  before  the  Engineers'  Club  of  St.  Louis.  ^ 
Am.    Mach.,    June    13,    189.5. 

EDUCATION,  Relation  of  Teelinieal    to  Liberal    . 

Stit)ng  arraignment  of  those  who  believe  that  in  proportion  as  education 
is  "useful"  it  loses  its  educational  value.  The  true  and  real  scope  of  a 
tschnical  education  ably  presented.  Dr.  C.  M.  Woodward  .—Jour.  Ass'n. 
Eng.  Socs.,  April,  1895,  p.  352. 

ELASTIC   LIMIT   in    Steel. 

See   STEEL. 

ELASTIC  LIMIT  of  Steel. 

Discussion  concerning  its  significance  and  meaning,  whether  or  not  It 
means  the  "drop  of  the  beam,"  and  its  value.  Wm.  R.  Webster  and  A.  C. 
Cunningham.  —Eng.    News,    July    4,  1895,  p.   11. 

ELASTIC  STRENGTH  of  Guns. 

Scientific  application  of  formulae  of  mechanics  to  the  determination.  Lieut. 
J.   H.    Glennon,    U.   S.    N.  — Proc.    U.  S.  N.  I.,  Vol  XXI.,  No.  1. 

ELECTRIC  and  Steam  Railway. 

Both  classes  of  trains  as  "operated  on  the  railway  of  the  Kentucky  and 
Indiana  Bridge  Co.  Illustrated.  —Eng.  News,  Aug.  29,  1895.  p.  131.  Elec. 
Eng.,   Sept.   11,    189,5,   p.   2.51. 

ELECTRIC   ANNEALING. 

See  IRON.  ANNEALING  OF—    ELECTRIC  — . 

ELECTRIC  BRAKE  for  Street  Railway  Service. 

The  modified  form  Of  the  Sperry  electric    brake    as    now    manufactured.      Il- 
lustrated. —Elec.  Ry.  Gaz..  Oct.  26.  1895,  p.  ,322;  St.  Ry.  Rev.,  Nov.,  1895    p. 
669. 

ELECTRIC  BRAKES   for  Street  Cars. 

Paper  by  G.  Rosch,  read  before  the  Engineering  Society  of  Korlsruhe.  It 
treats  in  a  theoretical  way  of  the  application  of  a  brake  actuated  by  the 
electrical  current  is  the  ordinary  electric  car.— Ztsch.Ver.  Ing,  Aug.  24,  1895. 
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ELECTRIC   CANAL,   STATION   of  St.   Petersburg. 

Descriptive  article  by  A.  G.  Besson,  giving  tlie  commercial  and  technical  re- 
sults of  the  running  of  this  plant.  — Ztsch  Ver.  Ing.,  Feb.  23,  1S95. 
ELECTRIC    CARRIAGE. 

The  Morris  &  Salom  "Electrobats,"  which  took  a  gold  medal  at  the  Chi- 
cago trial.     Illustrated.  — Elec.  Eng.,   Dec.  11,  l.S'Jo,  p.  577. 

ELECTRIC  CIRCUITS  Resistance  of   . 

Graphical  method  of  finding  the  resistance  of  divided  circuits,  by  W.  E. 
Wines.  —Elec.    Eng.,    April    17,    18!).">. 

ELECTRIC  CONDLCTORS. 

Paper  read  before  the  Philosophical  Soc.  by  Prof.  J.  J.  Thomson  on  "A 
method  of  determining  the  conductivities  of  badly  conducting  substances." 
—Elec.  Eng.,  April  17,  1S95. 

ELECTRIC    <  0\DI  IT. 

See    CONDUIT,     ELECTRIC    RAILWAY. 

ELECTRIC   CONDUIT,   The  Lenox   Avenue   ■ — -. 

The  recently  installed  system  of  the  Metropolitan  Traction  Company.  —St. 
Ry.  Gaz.,  April  13,  1895. 

ELECTRICAL    CONGRESS,    Proceedinss    of    the    International    . 

General  proceedings  at  Chicago  in  1893,  including  papers  on  Maximum  Ef- 
ficiency of  Arc  Lamps  with  Constant  Watts,  by  Prof.  H.  S.  Carhart.  Under- 
ground Wires  for  Electric  Lighting  and  Power  Distribution,  by  Prof.  D.  C. 
Jackson,  and  a  New  Incandescent  Arc  Light,  Louis  B.  Marks.  —Published  by 
A.  I.  E.  E.,  12  W.  31st  St.,  New  York. 

ELECTRIC  Construction. 

Cast  iron,  cast  steel  and  wrought  iron  considered  in  connection  with  their 
usefulness  for  field  magnet  frames.  Wrought  iron  recommended.  Alton 
D.    Adams.    Discussion.  —Trans.    A.  I.  E.  E.,  Jan.  and  Feb.,  1895. 

ELECTRIC  COMMUTATOR. 

New  form  of  the  Carey-Foster  .    Illustrated..— Elec.    Eng.,    May    8,    1895, 

p.  410. 

ELECTRIC   CRANES. 

An  article  by  E.  Grosse,  in  which  a  large  number  of  electric  cranes  for 
docks  are   described   and   fully  illustrated.— Ztsch.   Ver  Ing.,   July   13,    1895. 

ELECTRIC  CURRENT  Curves. 

See   ALTERNATING   CURRENT    CURVES.    MOTOR. 

ELECTRIC    DEV'ICES. 

Non  magnetic  .    By   W.    E.    Iris.    Illustrated. —Elec.    Eng.,    May    S,    180.5, 

p.  407. 

ELECTRIC  DISTRIBUTION  by  Monoclinic  System. 

Abstract  of  paper  read  by  Dr.  Louis  Bell  at  the  Cleveland  Convention  of  the 
National  Electric  Light  Association.  —Elec.   Engr.,   March,   1895. 

ELECTRIC   Drills. 

Canadian  General  Electric  Percussion  and  Rotary  Drills.  —Illustrated. 
Elec.  Eng.,  Jan.  20,  1895. 

ELECTRIC  DRILLS.   The  Siemens   ami    Holske    . 

Difficulties  of  design,  with  details  of  drill,  as  now  made.  Illustrated.  W. 
Meissner.  — E.  and  M.  Jtour.,  Sept.  21,  1895,  p.  275. 

ELECTRIC-DRIVEN     Machines. 

The  advantage  of  direct  application  by  the  motor  of  the  power  often 
amounting  to  an  economy  of  50  per  cent.  Illustrated.  W.  E.  Hall.  —Gas- 
sier, Feb.,  1895. 

ELECTRIC  ELEVATED  RAILAVAV. 

See   ELEVATED   R.MLWAY. 

ELECTRIC  ENERGY,  Per  Pounil  of  Coal. 

Report  of  the  committee  of  the  National  Electric  Light  Association  on  the 
number  of  watts  produced  per  pound  of  coal  by  various  kinds  of  equipments 
In  different  plants.  —Elec.   Engr.,  Feb.  27,  1895. 
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ELECTRIC  ENERGY,  Storn)s;:e  of  . 

Essential  to  economy  of  working  stations.    Reasons  and  results.    By  Nelson 
W.   Perry.  — Elec.   World,   March  2,  1895. 

ELECTRIC  EQUIPMENT  of  ElevateU   Railway. 

See  ELEVATIOD   RAILWAY. 

ELECTRIC  Ferry  Service. 

The  eight  boats  and  their  electric  equipment   as   used    at   Bergen,    Norway. 
Illustrated.  —Elec.   World,   May   11,  1895,  p.  553. 

ELECTRIC  FIRE   ALARM   and    Police   System. 

The    Walter   combination.    Illustrated.  —Elec.  Engr.,  March  27.  1895. 

ELECTRIC    Furnace. 

A  novel  electric  furnace  for  heating    iron    ships.    Illustrated.  — Elec.    Eng., 
Jan.  30,  1895. 

ELECTRIC   GENERATOR. 

The  Cox  Thermo  for  the  conversion  of  heat  directly  into  electricity.    Il- 
lustrated. —Elec.  Eng.,   May  1,  1895,  p.  383. 

ELECTRIC  HAULAGE   at  EarnocU   Colliery  . 

Generating  plant,  electric  hauling  engines  and  their  working  in  this  British 
work.     R.  Robertson.— Proc.  Inst.,  C    E.,   Vol.  CXXI,  p.   47   (1895). 

ELECTRIC  HEATERS 

London     Theatre.    Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC    HEATING. 

Its  development,  practicability  and  cost.  J.  C.  Wilson.  With  discussion. 
—Proc.    Eng.    Club.,    Phila.,    Vol.    XII,  No.  2,  p.  152  (1895). 

ELECTRIC  HEATING  anrt  CooUinf?. 

Shown  to  be  neither  impracticable  nor  too  costly  for  serious  consideration. 
Illustrated.  —Elec.   Rev.,   May  3,  1895. 

ELECTRIC  Laboratories. 

Their  equipment  as  needed  in  engineering  schools.  Prof.  D.  C.  Jackson. 
Serial.  —Elec.   Rev..  June  21,  1895,  p.  777,  et.   seq. 

ELECTRIC  LABORATORY  of  London. 

The  recent  installation,  with  its  arrangement,  instruments  and  details  Of 
operation.    Illustrated.  —Elec.    Rev.,  June  7,  1895,  p.  707. 

ELECTRIC  Lantern.s. 

The  use  of  the  electric  light  in  lantern  projection.  Abstract  of  an  illustrated 
lecture   before   the   New    York   Electrical  Society,  —Elec.  Eng.,  Jan.  30,  1895. 

ELECTRIC   Launclies.   Illustrated. 

Elec.   Eng.,    Oct.    10,    1895,   p.  300. 

ELECTRIC  LIGHT. 

Incandescent  Lamp.  Its  manufacture  in  general  and  in  detail.  Illustrated. 
Extensive  popular  description.  Manning  K.  Eyre.  —Elec.  World,  Jan.  5, 
1895. 

ELECTRIC  LIGHT. 

Incandescent    Lamp.    Process   of   making .    Illustrated.  —Elec.   Eng.,   Jan. 

2,   1SS2. 

ELECTRIC   LIGHT. 

See    INCANDESCENT    I>AMP. 

ELECTRIC    LIGHT    AND    RAILWAY    PLANT. 

The  Electric  Storage  Battery  Co.'s  plant  at  Merrill.  Wis.  Illustrated.  — 
Elec.   Engr.,  March  13,  189.5. 

ELECTRIC  LIGHT  Carbons. 

Effect  of  different  carbons  on  the  candle  power  of  arc  lamps.  Paper  read 
by  L.  B.  Marks  at  the  Cleveland  convention  of  the  National  Electric  Light 
Association.  —Elec.  Engr.,  Feb.  27,  1895. 

ELECTRIC  LIGHT  Central   Station  :it  Leicester,  England. 

Use  of  high  tension  alternating  currents  generated  at  a  distance,  with  un- 
derground transformer  sub-stations  to  supply  distributing  mains  at  low 
voltage.    Illustrated.  —Elec.     World,  June  1,  1895,  p.  629. 
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ELECTRIC  LIGHT  of  New  York  Harbor. 

Details  of  the  lighting  of  Gedney's  channel,  and  contemplated  extension 
of  the  lighting.    Illustrated.— Sci.   Am.   Sup.,   Oct.   12,   1895,  p.  16,488. 

ELECTRIC  LIGHT  Plant 

at    Yarmtouth,    Eng.    Illustrated.    — Elec.  Eng.,  Jan.  30,  1895. 
ELECTRIC  LIGHT  PLANT. 

Logansport,  Ind.,  operated  by  a  combination  of  steam  and  water  power. 
Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC   LIGHT   PLANT 

Of  the  Chicago  Stock  Yards.    Illustrated.  —Elec.   Eng.,   May  15,  1895,  p.  432. 

ELECTRIC   LIGHT   PLANT 

Of  the  Los  Angeles  Electric  Co.    Illustrated.  —Elec.  Eng.,  April  17,  1895. 

ELECTRIC  LIGHT   IMaiit. 

See    ELECTRIC    LIGHT    STATION,     ELECTRIC     LIGHTING,     ENGINES, 
LLUMINATION,    LAMP. 
ELECTRIC  LIGHT  Plant. 

The    Chicago    Edison .    Illustrated.  —Am.    Mach.,    Jan.,    1895. 

ELECTRIC  LIGHT  Plant. 

The  extensive  and  excellent  combined  alternating  and  direct  current  instal- 
lation of  Budapest,  Hungary.  Complete  illustrated  description.  —  Elec. 
World,  June  8,  1895,  p.  653. 

ELECTRIC   LIGHT   Plant. 

The  installation  of  the  Fidelity  and  Casualty  Company,  New  York.  —Elec. 
World,  April  20,  1895. 

ELECTRIC  LIGHT  Plant. 

The  municipal  light  plant  at  South  Norwalk,  Conn.  —Elec.  Eng.,  Jan.  30, 
1S95. 

ELECTRIC  LIGHT  Plant. 

The  new  plant  of  the  Cleveland  Electric  Illuminating  Co.  Illustrated.  — 
Elec.  Eng.,  Feb.  20,   1895. 

ELECTRIC  LIGHT   PLANT 

Wilkesbarre  Electric  Light  Co.,  by  J.  H.  Vaile.  Illustrated.  —Elec.  Eng., 
Sept.  25,   1895,  p.  293. 

ELECTRIC   LIGHT  Plant   Boiler.s. 

The  water  tube  boilers  of  the  largest  municipal  electric  light  plant  in  the 
country,    at   Detroit,    Mich.    Illustrated.  —Eng.  News,  June  20,  1895,  p.  395. 

ELECTRIC  LIGHT  Plant  of  Cheltenham,  England. 

System  using  the  high  pressure  alternating  current,  with  transformer  sub- 
stations.   Illustrated.  —Elec.   Rev.,     May  31,   1895,  p.   672. 

ELECTRIC   LIGHT,  Reducing^  the   Cost  of   . 

The  great  discrepancy  between  theoretical  and  actual  efficiency  may  be 
lessened  by  regularity  of  operation;  this  may  be  secured  by  lowering 
rates  or  the  making  of  by-products  during  slack  hours.  Nelson  W. 
Perry.  —Eng.   Mag.,  April,   1895. 

ELECTRIC   LIGHT   Spcciiications 

See    SPECIFICATIONS. 

ELECTRIC  LIGHT  Station. 

Municipal at      l-'rankfort-on-the-Main.     Illustrated. —Elec.    Eng.,    Jan.    9. 

189.T 

ELECTRIC    LIGHT    STATION 

Of  the   Citizens'    Electric  Illuminating    Co.,     Brooklyn.      Illustrated. —Elec. 
Eng.,   April  17,   1895. 
ELECTRIC   LIGHT    Station. 

See.  ELECTRIC   LKSHT   I'LANT,    ELECrPRIC    LIGHTING,    ENGINES. 

ELECTRIC  LIGHT   Station. 

The  best  mechanical  and  electrical  equipment  and  combination  from  prac- 
tical considerations  and  conditions  existing  in  an  English  provincial  town. 
R.    A.    Dawbarn.  — Elec.    Rev.,    March  29,    1895. 
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ELECTRIC  LIGHT  Station. 

The  central  station  of  Chemnitz.  Details  of  boilers,  engines,  dynamos  and 
service  of  this  three-phase  system.  Illustrated.  — Elec.  Hev.,  May  10,  1895, 
p.  572,  et  seq. 

ELECTRIC  LIGHT  Station  in  Untlapest. 

A  well  illustrated  article  by  Th.  Stort,  describing  the  above  large  plant.— 
Ztsch.  Vering.,  June  29,  1S95. 

ELECTRIC  LIGHT  Station  of  Edinltursli,    Scotland. 

The  extensive  new  works.  Plans  and  details  of  the  low  tension  system  for 
a  part  of  the  city,  and  the  high  tension  system  for  the  other  part.  Illus- 
trated. —Elec.  Rev.,  Aug.  16.  1895,  p.  197. 

ELECTRIC  LIGHT  Stations. 

New  methods  used  in  central  stations  as  illustrated  by  Belfast  and  Leices- 
ter. —Elec.  Rev.,  April  2G,  lS9o,  p.  505. 

ELECTRIC  LIGHT  Torrer. 

Novel  design  of  in   Bilboa  and    Chicago.        Illustrated.  —Elec.         Engr., 

March  6,   1895. 

ELECTRIC  LIGHT  Worlcs. 

Three  English  plants  ,  the  high  pressure    alternating   system   of   Halifax 

and  the  low  tension  three-wire  continuous  current  system,  with  accumula- 
tors, of  Nottingham  and  Dewsbury.  Well  illustrated.  —Elec.  Rev.,  Feb.  1, 
1S1>5. 

ELECTRIC    LightI»ou.se. 

The  temporary  provision  ft»r  light  during  installation,  and  the  lens  and 
electric  equipment  for  Fire  Island  light  at  the  New  York  harbor  en- 
trance.  Elec.   World.,   Feb.    16,   1805. 

ELECTRIC  LIGHTING 

Of  the  New  York  and  Brooklyn  bridge  cars.  Illustrated.  —Elec.  Eng.,  April 
10,  1895. 

ELECTRIC  LIGHTING. 

See  ELECTRIC  LIGHT  PLANT,  ELECTRIC  LIGHT  STATION,  ELEC- 
TRIC PLANT,  LIGHT,  ILLUMINATION,  LAMP'  SPECIFICATIONS, 
STREET  LIGHTING,  WATER  WORKS. 

ELECTRIC  LIGHTING. 

System  tti  be  used  on  the  cars  of  the  Brooklyn  Bridge,  New  York,  with 
details.    Illustrated.    St.     Ry.     Gaz.,  Feb.  2,  1895. 

ELECTRIC  LIGHTING  of  tlie  Rritl.sli    Honses  of  Parliament. 

The  direct  current  incandescent  light  system  explained.  Illustrated.  — Lon. 
Engineer,  April  26,   1895,  p.  361. 

ELECTRIC  LIGHTING   of   Edinburgli. 

Districts,  station,  boiler  house,  engine  room  and  general  equipment.  Illus- 
trated serial.  —Lon.   Eng.,   Nov.  8.,  1S95,  p.  573,  et    seq. 

ELECTRIC  LIGHTING   Eng^ines. 

The  Siemens  and  Halske  installation    at    Vienna,    Austria.      Interesting    de- 
scription,   well    illustrated,    of    engines    especially    designed    to    reduce    all' 
troubles  arising  from  vibration.  —Lon,  Eng.,  Feb.  22,  1895. 

ELECTRIC  LIGHTING  of  Mancliester,    England. 

JThe    distribution    system,    insulation,    switchboards,    engines,    dynamos    and 
boilers,  for  18,600  incandescent  lamps,    with    some    arc    lamps    and    motors. 
John   Hopkinson.  — Proc.    Inst.    Mech.  Eng.,  July,  1894. 
ELECTRIC  LIGHTING  of  Now  YorU    Harbor. 

Details  of  the  lighting  <ot  Gedney  channel,  and  contemplated  extension  of 
the  lighting.     Illustrated.  —Lon.   Eng.,  Sept.  6,  1895,  p.  287. 

ELECTRIC  LIGHTING   of  Streets. 

History  of  kerosene  and  gas  lighting,  and  the  advent,  and  use  of  the  arc 
and  incandescent  lights.  Illustrated.  Franklin  L.  Pope.  —Eng.  Mag.,  Vol. 
IX,  No.  2,  p.  261  (1895). 
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ELECTRIC  LIGHTING  of  the  Xortli  Sea-Kaltic  Canal. 

Kngine  plants  at  Iloltenau  and  Brunsbuttel  for  lighting  the  entrances  and 
transmit  the  current  for  1000  Incandescent  lights  along  the  canal.  Illustra- 
ted. — Elec.  World,   June  22,  1895,   p.  709. 

ELECTRIC  LIGHTING  of  the  North  Sea-Baltic  Canal. 

The  power  stations  and  field  equipment.  Illustrated.  C.  Coerper.  —Elec.  Rev., 
June  21,   1S95,   p.   7G3.     Lon.  Eng.,  Sept.   G,   1895,  p.   292. 

ELECTRIC  LIGHTING     Station   of  Belfast. 

General  description  of  this  plant  erected  by  the  city  for  its  own  lighting. 
Illustrated.— Lon.    Engineer,    Sept.   20,  1895,  p.  278. 

ELECTRIC  LIGHTING   Statistics. 

By  I.  C.  Wood.  —Elec.  Engr..  March  20,  1895. 

ELECTRIC   LIGHTING    Sy.stems. 

Classification  and  selection  of  .    By    Francis    B.     Crocker.   —Elec.     Eng., 

April  10,  1895. 

ELECTRIC  LOCOMOTIVE. 

See.  LOCOMOTIVE. 

ELECTRIC    LOCOMOTIVE;    The    Heilman 

Description  before  the  American  Institute  of  Electrical  Engineers  by  H. 
Ward    Leonard.  — Ry.    Eng'r,    June,  1S95,   p.    193. 

ELECTRIC  LOCOMOTIVES  for  the  Baltimore  Tunnel. 

General  description  of  these  large  and  powerful  engines.  Illustrated.  — St. 
Ry.   Gaz.,  Jan.  5,   1895;  Elec.   World,  Jan.  5,  1895;  St.   Ry.  Jour.,   Jan.,   1895. 

ELECTRIC  LOCOMOTIVES  vs.   Steam   Locomotives. 

By  Wm.  Baxter,  Jr.  —Elec.  Engr.,  March  20,  1895. 

ELECTRIC   Mining:. 

See   MINING   BY   ELECTRICITY. 

ELECTRIC   MONOCLINIC   SYSTEM. 

Discussion  by  Dr.  Louis  Bell.  — Elec.  Engr.,  March  13,  1895. 

ELECTRIC  MOTOR. 

Its  advantages  in  the  machine  shop  under  various  conditions.  George 
Richmond.  —Eng.   Rec,   Feb.  16,    1894.    Eng.   News,   Feb.  21  and  28,   1895. 

ELECTRIC  MOTOR. 

New  brought  out  by  the  Triumph     Electric     Co.      Illustrated.  —Power, 

March,  1S95. 

ELECTRIC  MOTOR,  Action  of  a  Single-Phase   . 

An  article  by  Frederick  Bedell  and  Harris  J.  Ryan,  giving  equations  and 
results    of    experiments.  —Jour.    Frank.   Inst.,   March,  1895. 

ELECTRIC  MOTOR  for  Machine  Tools. 

See  MACHINE   SHOP  POWER. 

ELECTRIC  MOTORS  Applied  to  Tnrn-Tahles. 

Lecture  by  H.  Cox  before  the  Engineering  Society  of  Wurtemberg,  in  which 
several  applications  of  electric  motors  to  turn-tables  are  described. — Ztsch. 
Ver.  Ing.,  June  15,   1895. 

ELECTRIC  MOTORS.  AViring  Table  for   . 

—Elec.  Eng.,  May  15,  1895,  p.  438. 

ELECTRIC   PLANT. 

A  storage  battery  electric  railway  and  lighting  plant.  Illustrated.  —Eng. 
Mech.,  Feb.,   1895. 

ELECTRIC   PLANT. 

Eleven  hundred  horse  power  electrical  transmission  at  the  King  Powder 
Works,  Kings  Mills,  O.  —Power,  Jan.,  1895. 

ELECTRIC  PLANT. 

The  new  Westinghouse  manufactory  at  East  Pittsburg,  Pa.  Buildings, 
power  and  arrangements.  Illustrated  serial.  —St.  Ry.  Gaz.,  June  22.  1895, 
p.  293;  Elec.  World,  June  22.  1S95.  n   713. 
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ELECTRIC  PLANT,   A   Storage  Battery  . 

Instituted  at  Merrill,  Wis.,  for  lighting  and  street  railway  purposes,  with 
water  as  power,  giving  greatly  increased  efficiency.  G.  Herbert  Condict. 
— Elec.    World,     Jan.     2*5,     1805;     St.  Ry.    Gaz.,    Jan.    2G,    1895. 

ELECTRIC   PLANT   at  the   Ontario   Drainagre  Tunnel. 

See  DRAINAGE   TUNNEL. 

ELECTRIC  PLANT,  Power  and  Ligrlit   . 

The  high  tension  alternating  current  system  of  Frankfort-on-the-Main, 
Germany.  Extended  illustrated  description  of  the  large  works.  G.  J. 
Melms.  —Elec.  World.  Jan.  26,  1S95. 

ELECTRIC   POWER. 

Original    cost    and    advantages    considered    in      the      application    of to 

isolated  factories.  Examples  cited.  Wm.  A.  Anthony.  — Eng.  Mag.,  Feb. 
1S95. 

ELECTRIC  POAVER. 

Power  consumed  on  electric  railways,  by  G.  Pellissicr.  —St.  Ry.  Jour., 
Feb.,    1S05. 

ELECTRIC   POAVER. 

See  POWER,  POWER  PLANT.  POWER  STATION,  POWER  TRANS- 
MISSION, PUMPING  PLANT,  STORAGE  BATTERY,  TURBINE,  WIND- 
MILLS. 

ELECTRIC  POWER  Distribution. 

The  Niagara  project  and  comparison  with  cost  of  steam  power.  Extend- 
ed  Investigation,    by    F.    L.    Pope.  —Eng.   Mag.,  Vol.   X,   No.  3,  p.  407. 

ELECTRIC    POWER   Distribntion. 

The  use  of  electricity  and  a  single  generator  strongly  urged  for  coal  mines. 
Llewelyn  B.  Atkinson.  —Eng.  Mag.,  Vol.  X,  No.  2,  pp.  236-244  (1S95). 

ELECTRIC  POAVER  House. 

Novel  power  house  construction  at  Columbus,  O.,  in  which  the  central 
dome  is  utilized  for  the  smoke  stack  by  using  forced  draft.  — St.  Ry. 
Jtour.,   Feb.,   1895. 

ELECTRIC  POWER,  Industrial  Use   of 

At  Los  Angeles,  Cal.  By  G.  H.  Guy.  Illustrated.  —Elec.  Engr.,  March  13, 
1895. 

ELECTRIC  POWER,  Long  Distance  Transmission  of  . 

First  paper  of  a  series  of  articles  comparing  alternating  with  direct  cur- 
rents, by  Wm.  Baxter,  Jr.  —Elec.  Eng.,  Dec.  4,  1895,  p.  539. 

ELECTRIC   POAVER   Plant 

at  Niagara  Falls.  The  elevator,  power  house  wheel-pit,  regulating  ap- 
paratus, lubricating  apparatus,  5000  H.  P.  alternators,  rotary  transformers 
and    transformer    house.    — Elec.    World,  Feb.  9,  1895. 

ELECTRIC   Pumping  Plant. 

Extended  account  of  their  extensive  works.  Well  illustrated.  — Lon.  En- 
gineer, Aug.   9,  1895,  p.   133. 

ELECTRIC   POWER  PLANT 

of  the  North  and  West  Chicago  St.  Ry.  Co.  Illustrated.  —Power,  Sept., 
1895.  p.  1. 

ELECTRIC  POWER  Plant  at  Syracu.se,  N.  Y. 

Boiler  and  engine  rooms,  multipolar  generator   and    other   equipment    of    the 
Syracuse  Street  Railroad   Co.    Illustrated.  —St.    Ry.    Rev.,    June,     1895,    p. 
358. 
ELECTRIC  POAV^ER  PLANT.  Three  Phase    System 

Of  the  Vermont  Electric  Co.    Illustrated.  —Elec.  Eng.,  May  15,  1895,  p.  431. 

ELECTRIC   POAVER   PUMPS    for  AVater  AVorks. 

Their  frequent  applicability  and  superiority  in  connection  with  electric 
power  plants  for  electric  lighting  or  other  purposes.  Monroe,  La.,  San  An- 
tonio, Texas,  De  Kalb,-  111.,  and  Canandaigua,  N.  Y.,  cited.  John  M.  Good- 
ell.— Eng.  Rec,  Oct.  5,  1895,  p.  331;  Elec.  World,  Oct.  5,  1895,  p.  365;  Eng. 
News,  Sept.  26,  1895,  p.  198. 
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ELECTRIC   POAVER  Station 

of  the  Allegheny  Traction  Company.  Illustrated.  —St.  Ry.  Jour.,  Feb.,  1895. 

ELECTRIC  POAVER  Station. 

Construction  of  a  novel  at  Columbus,  O.,  in  which  the  central  dome  has 

been  utilized  for  the  smokestack  by  means   of   forced   draft.  —St.   Ry.   Jour., 
March,   1895. 

ELECTRIC  POAVER  Station, 

East    Boston    Electric    Railway. 


Illustrated. 


1804. 
Illustrated.  —St.    Ry. 

Illustrated.  —St.     Ry. 


Illustrated.  —St.    Ry. 


Illustrated.  —St.  Ry. 


-Elec.   Eng.,   Dec.  5, 

ELECTRIC  POWER  STATION. 

For  the  Metropolitan  Street  Railway   Co.,    New   York 
Jour.,  March,  1895. 

ELECTRIC  POAVER  Station 

Of  the  Consolidated  Traction  Co.,  of    New    Jersey. 
Jour.,  Jan.,  1895. 

ELECTRIC  POWER  Station 

Of  the  Fair  Haven  and  Westville  Railway  electric  system  and  power  sta- 
tion.   Illustrated.  —Elec.    Eng.,    Jan.  IG,   1S95. 

ELECTRIC  POWER  Station. 

Power  stations  of  the  Cleveland  Electric  Railway.  Illustrated.  —Elec. 
Eng.,    Feb.    20,    1895. 

ELECTRIC  POAVER  Station. 

System  of  the  Binghamton  Railway  Co.  Illustrated.  —St.  Ry  Jour.,  Feb., 
1895. 

ELECTRIC  POAVER  Station. 

The  North  Chicago  and  Chicago  Electric    Transit   Co. 
Jour.,   March,   1895. 

ELECTRIC  POW  ER  STATION  anil  Car   Honse 

Of  the  Steenway  Railway  Co.,  Long  Island  City,  N.  Y. 
Jour.,  May,  1895,  p.  303. 

ELECTRIC   POAVER  STATION,   Fuel    Consumption  in   . 

See  COAL  CONSUMPTION. 

ELECTRIC  POAVER  Transmission. 

A  description  of  the  use  of  electricity  for  driving  the  tools  in  the  Baldwin 
Locomotive    Works.  —Am.    Mach.,   June  6.   1895. 

ELECTRIC   POWER  Transmission. 

Long  distance  three-phase  transmission  as  first  placed  in  operation  by  the 
city  of  Lowell,  Mass.— St.  Ry.  Rev.,  Vol.  5,  No.  9,  p.  539  (1895);  Elec.  Ry. 
Gaz.,    Oct.    12,    1895,   p.   267;   Eng.    News,  Oct.  17,  1895,  p.  254. 

ELECTRIC  POAVER  Transmission. 

Long  distance  transmission,  with  especial  reference  to  mining  operations. 
Principles,  methods  and  limitations.  H.  T.  Haws.  —Electric  Power,  Vol. 
VIII,    No.   3,   p.  254  (1895). 

ELECTRIC  POWER  Transmission. 

The  Ponioma,  Cal.,  plant,  which  transmits  a  current  of  10,000  volts.  Used  for 
electric  lighting  at  Pomona,  13%  miles,  and  San  Bernardino,  28%  miles  dis- 
tant. G.  II.  Winslow.  —Trans.  A.  I.  E.  E..  Vol.  XII,  Nos.  8  and  9,  p.  526 
(1S9.5). 

ELECTRIC  POAV^ER  Transmission  for  Lonj?  Distance. 

Works  at  Oregon  City,  Oregon,  for  transmission  12  miles  to  Portland.  Il- 
lustrated.—Eng.  News,  Oct.  10,  1895,  p.  247;  R.  R.  Gaz.,  Oct.  11,  1895,  p. 
669;  Elec.  World,  Oct.  12,  1895,  p.  414;  Elec.  Ry.  Gaz.,  Oct.  12,  189.5,  p.  270; 
Elec.  Engr.,  Oct.  9,  1895,  p.  341. 

ELECTRIC  POWER  Transmission  for   Lons  Distance. 

Works  at  Oregon  City,  Oregon,  for  transmission  12  miles  to  Portland.  Il- 
lustrated. — E.  &  M.  Jour.,  Nov.  2,  1895,  p.  420;  Lon.  Engineer,  Nov.  8,  1895, 
p.    447. 

ELECTRIC     POWER     Transmission   Plant    at    Folsom,    California. 

See  PUMPING   PLANT. 
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ELECTRIC   POWER   AVorUs   ami   Trnnsinission. 

The  Sacramento-Folsom  plant  in  California.  The  power  is  furnished  by 
water  stored  by  a  masonry  dam  in  the  Republican  River.  — Elec.  World, 
April  G,  1S95.    Eng.  Rec.,  May  '25.  1S95. 

ELECTRIC   PROPELLOR. 

Boat.s,  made  by  the  Electric  Boat  Co.    Illustrated.  —Elec.    Engr.,    March    20. 
1895. 
ELECTRIC   RAILWAY. 

Construction  of  the  Mount  Holly  Branch  of  the  Pennsylvania  R.  R.  Illus- 
trated. —St.  Ry.  Jt)ur.,  Aug.,   ISO,"),  p.  525. 

ELECTRIC   RAILAVAY. 

Knight's  three-wire  system  for  electric  railways.  Illustrated.  —Elec.  Eng. 
March    29,    1895. 

ELECTRIC   RAILAVAY 

Of  the  Hestonville,  Mantua  j.nd  Fairmount  Passenger  Railway  Co.,  at 
Philadelphia,     Pa.    Illustrated.  —Elec.   Eng.,   Jan.   9,    1S95. 

ELECTRIC  RAILWAY 

Of  the  People's  Traction  Company  at  Philadelphia,  Pa.  Illustrated.  —St. 
Ry.  Jour.,  Jan.,  1895. 

ELECTRIC   RAILWAY. 

System  of  the  Detroit  Citizen's  Street  Railway  Co.  Illustrated.  —St.  Ry. 
Jour.,  Sept.,  1895,  p.  5.59. 

ELECTRIC   RAILWAY. 

System  at  Niagara  Falls.    Illustrated.— St.  Ry.  Jour.,  Oct.,  1895,  p.  623. 

ELECTRIC   RAILWAY. 

The   Beecher   Single   Rail    System.    Illustrated.  —Elec.  Engr..  March  13,  1895. 

ELECTRIC  RAILWAY. 

The  Grant  conduit  system  for  placing  trolley  wires  underground.  Illustra- 
ted. —Elec.    Eng.,    April   10,    1895. 

ELECTRIC  RAILAVAY. 

The   Siemens    electric    railway    work    at    Hobart,      Tasmania.      Illustrated. 
—Elec.    Eng., Jan.    30,    1895. 
ELECTRIC   RAILAVAY. 

The  supplementary  wire  for  els-ctric  railway  work,  by  Jno.  C.  Henry. 
—Elec.    Eng.,    Jan.    30,    1895. 

ELECTRIC    RAILAVAA\ 

The  new  storage  battery  system  on  the  Madison  Ave.  line,  New  York.  Il- 
lustrated. —Elec.   Eng..    Nov.   27,    1895,  p.  513.    . 

ELECTRIC  RAILAA^AA^  at  Or.-iiise.  N.    J. 

Different  details  of  the  Suburban  Traction  Company's  lines  of  5  ft.  2%  in. 
gauge.  Grades  from  5  to  10  degrees;  sharpest  curve  45  ft.  radius.  —St.  Ry. 
Gaz.,   May  11,  1895,  p.  19.5. 

ELECTRIC  RAILAVAY;  Buifalo  aiirt  Niagara   Falls   . 

Route,   equipment   and  general   features   of  this   important  undertaking,   re- 
cently   completed.    Illustrated.— St.  Ry.  Rev.,  Vol.  5,  No.  10,  p.  625  (1895). 
ELECTRIC   RAILAA^AY,   Cable   . 

Its  advantages  shown  by  the  ]Monte  Salvatore  Railway.  —St.  Ry.  Gaz., 
March   9.    1895. 

ELECTRIC  RAILAVAY  Car  Heating. 

Paper  read  by  J.  F.  McElroy  before  the  N.  Y.  State  St.  Ry.  Assoc.  Illus- 
trated.—St.   Ry.  Jour.,  Oct.,   1895,  p.  646. 

ELECTRIC  RAILAVAY  Cars. 

St.  Ry.  Jour.,  March,  1895. 

ELECTRIC   RAILAVAY    Conduit. 

Electric  conduit  construction  of  the  Metropolitan  Street  Railway  Co.,  New 
York.  —St.   Ry.  Jour..  Feb.,  1895. 

ELECTRIC  RAILAVAY  Conduit. 

See  ELECTRIC  CONDUIT. 
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ELECTRIC  RAIL,^V'AY   Conduit   System. 

The  recently  constructed  system  of  the  Metropolitan  Company,  of  "Washing- 
ton, D.  C.  The  electric  conduit  and  its  new  features.  Illustrated  serial.  — 
Elec.  Ry.  Gaz..  Nov.  2,  1S95,  p.  327,  et.  seq.;  Elec.  World,  Nov.  16,  1895,  p. 
541. 

ELECTRIC  RAILAVAY  Conduits. 

See  CONDUITS. 

ELECTRIC  RAILAVAY  Counterweight   System. 

The  Kuhlmann  device  of  assisting  electric  cars  on  heavy  grades  by 
counterweights  on  a  sub-surface  track.  Full  description  of  the  work  aa 
adapted  to  the  College  Hill  line  at  Providence,  R.  I.  Illustrated.  —St.  Ry. 
Rev..  April,  1S95. 

ELECTRIC  RAIL^VAY,  Description  of   . 

Illustrated  description  of  the  power  plant,  rolling  stock,  track  equipment, 
etc.,  of  the  Lowell,  Lawrence  and  Haverhill  Street  Railway.  —St.  Ry.  Jour., 
July,  1S95. 

ELECTRIC   RAILAV  AY,   Elev.ated   . 

See  ELEVATED   RAILWAY. 

ELECTRIC  RAILWAY  Equipment . 

That  of  the  Baltimore  Belt  Line  tunnel.  Illustrated.  — R.  R.  Gaz.,  July  19, 
1895.  p.  480. 

ELECTRIC   RAILAVAY  Equipment. 

That  of  the  Baltimore  Belt  Line  tunnel.  Illustrated.  — R.  R.  Gaz.,  July  19, 
1895.  p.  480.  St.  Ry.  Jour.,  July,  1895.  Sci.  Am.  Sup.,  Aug.  10.  1895,  p. 
16,346. 

ELECTRIC   RAILAVAY  Feeder   Cable. 

Practical  notes  on  feeder  cables  for  electric  railways,  by  M.  Ward  Easby. 
—St.  Ry.  Jour.,  Feb..  1895. 

ELECTRIC   RAILAVAY,   Xortli   Hudson  County  . 

The  line,  equipment  and  power  station  of  this  Hoboken,  N.  J.,  railway. 
Its  steam  and  horse  power  equipment  on  a  portion  of  its  lines.  Illustrated. 
St.  Ry.  Gaz.,  May  4,  1895,  p.  179. 

ELECTRIC  RAILAVAY  of  Bristol,  Eug^Iand. 

The  new  installation,  with  map  of  route  and  sketch  of  rail  sections.  — Lon. 
Engineer,  March  8,   1895. 

ELECTRIC  RAILWAY  of  Electric  Traction  Co.,  PUiladelpliia. 

The  two  power  stations  and  their  equipment,  handling  of  coal,  descriptidn 
of  line  and  general  details.  Illustrated  serial.  —St.  Ry.  Gaz.,  June  15,  1895. 
p.  270,  et  seq. 

ELECTRIC  RAILAVAY  Operation. 

Service  on  a  2514  per  cent,  grade  in  San  Francisco  secured  by  an  endless 
cable  working  on  two  sheaves,  one  at  top  and  one  at  bottom  of  grade. 
The  weight  of  a  descending  car  so  counterbalances  that  of  the  ascending 
car  on  the  other  track.— St.  Ry.  Rev.,  Vol.  5,  No.  9,  p.  525  (1895). 

ELECTRIC  RAILWAY  Overhead  Appliances. 

Their  strains  and  work  considered  in  deducing  sizes,  shapes,  dimensions 
and  other  characteristics  necessary  to  secure  a  good  equipment.  A.  G. 
Eneas.  —Elec.  World,  Feb.  2,   1895. 

ELECTRIC  RAIIAVAY  Overhead   Construction. 

Setting  and  construction  of  the  iron  poles,  feed-line  construction,  insula- 
tion,  &c.,   of  the  Chicago  companies.     Illustrated.  —St.  Ry.  Rev.,  Feb.,  1895. 

ELECTRIC  RAIL"\VAY  Plant 

at    Secaucus,    N.    J.    Illustrated.  —St.   Ry.   Jour.,   Aug.,    1895,   p.   495. 

ELECTRIC  RAILAVAY  Power  Plant. 

The  installation  at  Allentown,  Pa.  Illustrated.  —St.  Ry.  Gaz.,  March  30, 
1895. 

ELECTRIC    RAIIAVAY   Power    Station. 

See  POWER  STATION. 
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'qLECTRIC   RAILAVAY  Power    Station. 

See  POWER  STATION. 

The  street  railway  system  of  Buffalo,  with  illustrations  of  power  house  and 

ELECTRIC    RAIL^VAA"    Power    Statiuus. 

See  POWER   STATIONS. 

ELECTRIC  RAILAVAY,   Rail   Bond    for   . 

A  perfect  bond  using-  a  plastic  compound  which  has  stood  a  test  of  four 
years  without  increase  of  drop,  and  will  carry  1500  amperes.  By  Harold  P. 
Brown.  —St.  Ry.  Rev.,  March,   1S05.    St.  Ry.  Gaz.,  March  23,  1895. 

ELECTRIC  RAILAVAY,   Rail   Bonil  for   . 

Effect  of  on  electrolytic  action.  — Elec.  Engr.,  March  20,  1S95. 

ELECTRIC   RAILWAY  Repair  Shops. 

Design  and  equipment  of  repair  shops  for  electric  railways,  by  H.  P. 
Merriam.       Illustrated.  —St.     Ry    Jour.,   April,   1895. 

ELECTRIC  RAILAVAY,   Sclienley  Parle  an«l   Highlauils   . 

Location,  line,  bridges,  power  house,  boiler  room  and  general  features  of 
this    Pittsburg    railway.    Illustrated.  —St.   Ry.  Gaz.,  May  2.5,   1895,  p.  227. 

ELECTRIC  RAILAVAY  Specifications. 

As  drawn  for  the  Waukesha  Beach  Electric  Railway.  Applicable  to  less 
extensive  lines.  — Eng.    News,   Jan.  24,  1895. 

ELECTRIC  RAILAA  AY  System. 

At  Lyons.    France.    Illustrated.  —St.  Ry.  Jour..  March.  1895. 

ELECTRIC  RAILAA- AY  System  of  Hartford,  Conn. 

Illustrated.  —St.    Ry.    Jour.,    May,    I'ilJS,   p.  279. 

ELECTRIC  RAILAA  AY  System  of  St.   Lonis. 

Illustrated.  —St.   Ry.  Jour.,  June,  1895,  p.  347. 

ELECTRIC    RAILAA' AA^    Terminals. 

At  the  Market  street  ferry,  San  Francisco,  Cal.  Illustrated.  —St.  Ry.  Jour., 
March,  1S95. 

ELECTRIC  RAILAVAY  Test. 

Paper  by  Jesse  M.  Smith,  describing  a  test  made  on  the  power  plant  of 
Interesting  details  of  this  new  undergmund  railway  of  London.  Methods 
the  Wyandotte  and  Detroit  River  R.  R.  —Trans.  A.  S.  M.  E,  Vol.  XV  (1894), 
p.  730. 

ELECTRIC  RAILAA^W,  Test  of  an  . 

Results  of  a  test  made  on  the  line  of  the  Richmond  &  Southside  Electric 
Railway  by  A.  Langstaff  Johnston.  Jour.  Frank.  Inst.,  Aug.,  1895,  p.  135. 

ELECTRIC  RAILAA  AA';  the  Bristol,  England,   ^ . 

Full  description  of  this  recently  completed  railway.  Equipment  carried  out 
mainly  on  American  lines;  details  of  the  new  trolley  used.  Well  illustrated. 
—Elec.    Rev.,   Oct.   11,   1895,   p.   442. 

ELECTRIC  RAILAA' AA^  The  Detroit  and  Alonnt  Clemens   . 

General  description;  curvature  small  and  grades  light,  with  hea\'y  rolling 
stock.    Illustrated.    St.   Ry.  Gaz.,   May  4,  1895,  p.  182. 

ELECTRIC  RAILAA' AA%  The  Dnblin   Southern  District   . 

Installation  combining  the  use  of  three-phase  and  continuous  current 
plant.  — Lon.  Eng.,   May  10,   1895,  p.  617. 

ELECTRIC  RAILAA'AA',  The  Lenox  Avenne  Conduit   . 

The  conduit  and  track,  power  house  and  rolling  stock.  Illustrated.  —St.  Ry. 
Jour.,  July,  1895.  St.  Ry.  Rev.,  July.  1895,  p.  401.  St.  Ry.  Gaz.,  June  29, 
1895.  p.  317.     Lon.  Engineer,  Aug.  16.    1895,    p.    155. 

ELECTRIC  RAILAA'AA";   the  XantasUet  Beach . 

Changing  the  line  from  steam  equipment     to     that    of    electricity.      Power 
house,  rolling  stock  and  general  details.    Illustrated.  —Eng.    News,    Aug.    1, 
1895,  p.  77. 
ELECTRIC  RAILAVAY,  The  Nantasket  Beach   . 

Changing  the  line  from  steam  equipment  to  that  of  electricity.  Power 
house,  rolling  stock  and  general  details.     Illustrated.  —Elec.  World,   July  6, 
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1S95,  p.  22.  Eng.  News,  Aug.  1,  1895,  p.  77.  Elec.  Ry.  Gaz.,  July  G,  1895, 
p.  10.     Am.  Mach..  July  25,  1895,  p.  5S1. 

ELECTRIC  RAILIVAY,  The  Xew  Orleans  Traotion   Coiiipany. 

114  miles  of  line  equipped  with  electricity.  Details  of  the  change,  of  general 
construction  and  of  the  territory  covered.  Serial.  Illustrated.  W.  Nelson 
Smith.  —Elec.  Ry.  Gaz..  Nov.  IG,  1895,  p.  364,  et.  seq. 

ELECTRIC  RAILAV^AY;   the   Siiaefell  Moniitain   . 

Length  five  miles;  grade,  one  in  twelve.  Details  of  the  line,  power  station 
and    equipment.    Illustrated.— Elec.  Ry.  Gaz.,  Sept.  28,  1895,  p.  209. 

ELECTRIC    RAILAVAY,    The    Snaefell    Mountain   . 

Length  five  miles;  grade,  one  in  twelve.  Details  cf  the  line;  power  station 
and    equipment.      Illustrated.  —Elec.   Rev..  Sept.   13,   1895. 

ELECTRIC  RAILAVAY;  the  AVaterloo    and    City . 

of  tunneling,  with  plans  and  details  of  the  work  and  its  progress.  Illus- 
trated  serial.  — Lon.   Engineer,   July  20,  1895,  p.  85.  et  seq. 

ELECTRIC  RAILAVAY,  The  AVaterloo   and  City  rnderground   . 

Interesting  details  of  this  new  London  railway.  Methods  of  tunneling, 
with  plans  and  details  of  the  work  and  its  progress.  Illustrated  serial.  — 
Lon.  Engineer,  July  2G,  1895,  p.  85,  et  seq.  Sci.  Am.  Sup.,  Sept.  7,  1895,  p. 
1G,414,  et  seq. 

ELECTRIC    RAILAVAY   Track   Construction. 

Its  evolution,  and  present  accepted  methods  of  efficiency.  C.  Loomis  Al- 
len.—Elec.  Ry.  Gaz.,  Sept.  21,  1895,  p.  199. 

ELECTRIC  RAILWAY  Track  W^ork. 

Some  Interesting  special  track  construction  on  the  Montreal  and  Toronto 
systems.  Illustrated.  E.  A.  Stone.  With  discussion.  Trans.  Con.  Soc.  C.  E., 
Vol.   IX,  Part  1,  p.  330  (1895). 

ELECTRIC   RAILWAY,  Underground,   ,  Buda  Pesth. 

General  details  of  tunnel  and  its  construction,  track,  motors  and  cars.  Il- 
lustrated. — Eng.  News,  March  21,  1895.    Eng.  Rec,  March  30,  1895. 

ELECTRIC    RAILAVAYS 

of  Budapest,  Austria.  The  Siemens  system  with  underground  wires.  The 
central  station,  construction  of  line  and  other  features.  M.  F.  Launay. 
— Annales  des  P.  &  C,  Dec,  1894. 

ELECTRIC   RAILWAYS. 

See  ELECTRIC  BRAKES,  ELECTRIC  CONDUIT,  ELECTRIC  PLANT, 
ELECTRIC  POWER,  ELECTRIC  TOWER  WAGON,  ELECTROLYSIS, 
ELET^' ATED  RAILWAY,  ENGINES,  POWER  STATION,  RAILS,  RAIL 
BONDING,  RAILROADS,  STORAGE  BATTERY  CARS,  STREET  CARS, 
STREET  RAILWAY,  SUBWAY,  WHEEL  FLANGES. 

ELECTRIC   RAILAVAYS. 

The  Three  Wire  System.  Already  in  use  in  Bangor,  Maine,  and  in  Portland, 
Oregon.  A  portion  of  the  Union  Depot  Railroad,  of  St.  Louis,  installs  a 
third  line.  Illustrated  account  of  the  latter  and  of  its  equipment.  —St.  Ry. 
Rev.,  Jan.,  1895. 

ELECTRIC  RAILWAYS,  Cahle   . 

The  advantage  of  electric  power  over  any  other  for  traction  on  inclined 
planes,  as  illustrated  by  the  mountain  railways  of  Burgenstock,  Monte 
Salvatore  and  Stanserhorn,  Switzerland.  C.  S.  Du  Riche  Preller.— Lon. 
Eng.,  Feb.  1,  1895,  et  seq. 

ELECTRIC  RAILAVAYS;  Freight  Trafflc  on   . 

Different  roads  making  provision  for  this  class  of  traffic,  with  their  rolling 
stock,    management,    etc.    Illustrated.  —Eng.   News.   July   11,   1895,  p.   18. 

ELECTRIC  RAILAVAYS  of  America 

Investigated  at  length  in  relation  to  permanent  way,  return  circuit,  aerial 
conductors,  motors  and  gearing,  rolling  stock,  generating  plant,  power  sta- 
tions, locomotives,  maintenance,  efficiency,  organization.  description  of 
typical    lines.    Philip    Dawson.  —Lon.   Eng.,   Jan.  4,   1895,   et  seq. 
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ELECTRIC   RAILWAYS   of  Montreal.   Canada. 

Track,  rollihg-  stock  and  power  equipment  of  the  Montreal  Street  Railway 
and  the  Montreal  Park  and  Island  Railway.  Illustrated.— St.  Ry.  Rev.,  Vol. 
5,  No.  10,  p.  598  (ISyS). 

ELECTRIC    RAILAVAYS,    Suburban . 

Their  possibilities,  advantages  and  prospects.  Their  construction  advocated 
and  their  use  for  freight  as  well  as  passenger  service.  Chas.  M.  Swift. 
—St.  Ry.  Rev.,  Jan.,  1S9.5. 

ELECTRIC    RAILWAYS,    SnitpU'nientary  AVire   for . 

By  H.   S.  Wipakoop.  — Elec.  Eng.,  Jan.  16,  1895. 

ELECTRIC  RAILAVAYS,  Turbines  Furnishing  Povrer  for   . 

See  TURBINES. 

ELECTRIC  RANGE  FINDER. 

An  instrument  invented  by  Lieutenant  Fiske  and  used  aboard  ships  for 
measuring  distances  at  sea.  —Elec.  Eng.,   April  10,  189"). 

ELECTRIC  Resistance 

of  some  poor  conductors.  Paper  read  by  B.  O.  Pierce  before  the  American 
Academy.  — Prac.  Engr.,  Feb.  15,  1895. 

ELECTRIC  ROCK  DRILL. 

See   ROCK   DRILL. 

ELECTRIC  STATION   Fuel   Consumption. 

See  FUEL  CONSUMPTION. 

ELECTRIC  STATION,  Heat  Distribution  From   . 

By  the  Yaryon  system.    Illustrated.  —Elec.  Engr.,  March  27,   1895. 

ELECTRIC    Standarrt    Units. 

The  official  values  of  the  ohm,  ampere,  volt,  coulomb,  farad,  joule,  watt 
and  henry,  as  fixed  by  recent  act  of  Congress,  with  report.  — Trans.  A.  I. 
E.   E.,  Jan.,   1895. 

ELECTRIC   STORAGE. 

The  storage  of  energy  essential  to  economy  of  working  in  central  stations. 
Paper  read  by  N.  W.  Perry  before  the  convention  of  the  National  Electric 
Light  Association  at  Cleveland.  —Elec.  Engr.,  Feb.  27,  1895. 

ELECTRIC  Towing 

on  the  Burgogne  Canal,  France— Hisforical  review  of  the  project  and  fa- 
voring conditions;  account  of  dynamos,  distributing  lines,  towing  system 
and  apparatus,  accumulators.  Illustrated.  M.  Galliot.  — Annales  des  P.  & 
C,  Dec,  1894. 

ELECTRIC  TRANSMISSION  of  Power. 

A  twelve-mile  transmission  for  mining  purposes,  with  advantages  and  de- 
tails of  power-house,  wiring  and  the  electrically  driven  quartz  mill.  Fully 
illustrated.    By  Thomas  H.  Leggett.  — Cassier,  March,  1895. 

ELECTRIC   TOAVER   AVAGON. 

For  repairing  overhead  wires  at  Chicago.  Illustrated.  —St.  Ry.  Jour., 
March,  1895. 

ELECTRIC   TOAVER   WAGON 

Of  the  City  and  Suburban  Railway  Co.,  Baltimore,  patented  by  J.  H.  Leon- 
hardt.    Illustrated.  —St.   Ry.    Jour.,  March,   1895. 

ELECTRIC    TOWING. 

The  official  test  of  the  Lamb  method  On  the  Erie  Canal  at  Tonawanda,  Oct. 
26th.  Illustrated.  —Elec.  World,  Nov.  2,  1895,  p.  488;  St.  Ry.  Rev.,  Nov., 
1895,  p.   665;   Elec.   Eng..   Oct,  30,   1895,  p.  417. 

ELECTRIC  TRACTION. 

See  CANAL  BOAT  TRACTION,  CANAL  BOAT  HAULAGE,  ELECTRIC 
RAILWAY. 

ELECTRIC   TRACTION. 

Very  full  report  on  different  metht)ds  and  their  efficiencies,  by  M.  Anvert 
to  the  Railway  Congress.    Serial.  — Lon.  Engineer,  July  5,  1895,  p.  19,  et  seq. 
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ELKCTRIC   TRANSMISSION. 

See  ET^ECTRIC  PLANT,  ELECTRIC  POWER,  ELECTRIC  RAILWAY, 
MOTOR,   POM^R. 

ELKCTRIC  UNITS  of  Light  and  Itadiatiou. 

General  consideration  of ,  by  A.    Macfarlane,    with   discussion.    —Trans. 

A.  I.  E.  E.,  Jan.  and  Feb.,  1895. 

ELECTRICAL,  ENGINEERING. 

Recent    development    in    France    and    England,    giving    instances    of    great 
and   substantial  advancement.     H.    Ward    Leonard.  —Trans      A.    I.     E.    E., 
Feb.,   1S95. 
ELECTRICAL  ENGINEERS'  Convention. 

Pr^oceedings  at  the  recent  Niagara  Falls  meeting.  — R.  R.  Gaz.,  July  5, 
1S95,    p.    447. 

ELECTRICAL   EQUIPMENT 

Of  the  Carnegie  Building,  Pittsburg.  By  Henry  Floy.  Illustrated.  — Elec, 
Eng.,  May  22,  1S95,  p.  455. 

ELECTRICAL  LOSSES. 

Some  central  station  and  transmission  losses  by  A.  B.  Herrick.  —Elec.  Eng., 
April  17,  1895. 

ELECTRICAL  MACHINE,  EtHciency  of   . 

The  very  low  efficiency  that  results  from  a  combination  of  electrical  with 
mechanical    machines.      Edward    J.   Willis.  —Gassier,    Feb.,    1895. 

ELECTRICITY. 

See  DYNAMO,  DYNAMOMETER,  GALVANIZING,  GENERATOR,  ELEC- 
TRIC RAILWAY,  ELECTRIC  TRANSMISSION,  ELECTRIC  RESIST- 
ANCE, ELECTRIC  UNITS,  ILLUMINATION,  INCANDESCENT  LAMP, 
CURRENT  METERS,  MINING,  MOTOR,  RAILROADS.  ROCK  DRILL, 
SEWAGE    PURIFICATION,    WELDING. 

ELECTRICITY    and    Railroads. 

See    RAILROADS. 
ELECTRICITY  in   a   Cotton  Mill. 

The  Columbia,  S.  C,  Company's  mills,  using  the  three-phase  system  and 
the  induction  motor.  Interesting  description  of  this  pioneer  plant,  the  ap- 
plication of  the  water  power  and  arrangement  of  motors.  Fully  illustra- 
ted.   Dr.  Louis  Bell.  —Gassier,   Feb.,   1S95. 

ELECTRICITY  in    Coal    Handling. 

Electric  hoisting  and  haulage  system  for  unloading  coal-carrying  ships  and 
distributing  the  coal  into  wharf  and  house  bunkers,  as  recently  installed  at 
San  Francisco.  Illustrated.  E.  &  M.  Jt-ur.,  May  25,  1895,  p.  488.  —Elec. 
World,  May  25,  1895,  p.  618. 

ELECTRICITY,  Direct  Prodnotion  of  from  Coal. 

Experiments  by  Dr.  W.  Borchers,  on  the  direct  production  of  electricity 
from  coal  and  its  combustible  gases.    Illustrated.  —Elec.  Eng.,  Dec.  12,  1894. 

ELECTRICITY.   High   or  Low  Pres.stire   . 

Present  status  of  this  open  question  and  conditions  that  will  affect  its  de- 
cision.   Rankin  Kennedy.  —Elec.  Rev.,  Jan.  4,  1895. 

ELECTRICITY  for  Marine  Propnlsion. 

Its  application  and  future,  especially  for  use  in  launches,  tenders,  police 
and  patrol  boats,  and  pleasure  boats  and  yachts.  —Prof.  W.  F.  Durand 
Gassier,   Vol.  VIII.,   Nti.  2  (1895),   p.  14.3. 

ELECTRICITY  AND  STEAM.  Tlie  Combination  of  . 

The  question  of  power,  light  and  heat  for  city  blocks.  J.  E.  Talbot.  —Eng. 
Mag.,  Vol  IX,  No.  3  (1895),  p.  457. 

ELECTRICITY  in   Mining. 

Its  use  for  signaling,  telephones,  blasting,  lighting  and  transmitting  power, 
as  now  employed  with  suggested  i  mprovement.  G.  S.  Corlett.  —Elec. 
Rev.,   Feb.  15,  1895. 

ELECTRICITY,  Long  Distanoo  Transmission    of   . 

The  Pomona  plant  to  transmit  10,000  volts.  G.  H.  Winslow.  — Elec.  Rev., 
Aug.   2,  1895,   p.   149,   et.  seq. 
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ELECTRICITY,  Loss   of  Ilotween    Dynamo  and  3Iotor   . 

By  P.  W.  Salmon.  —Power,  Dec,  1S94, 

ELECTRICITY  on  Railroads. 

See    RAILROADS. 

ELECTRICITY   on   tlic    Stenuisliip   St,    Louis. 

Its  use  for  lighting,  operating  the  organ,  steering  and  other  auxiliary  pur- 
poses.   Details  t)£  the  plant.    Illustrated.  — Elec.  World,  June  15,  1895,  p.  681. 

ELECTRICITY,    Operating   Maoliine   Tools  by  . 

Its  advantages  discussed,  with  methods.  Kxtensive  illustrations  from  prac- 
tical applications.    George  Richmond.  — Eng.  Mag.,  Jan.,  1895. 

ELECTRICITY,   Trnnsniisison   of   . 

Long  distance  transmission  at  10,000  volts,  by  G.  H.  Winslow.  Paper  pre- 
sented at  the  Niagara  meeting  of  the  American  Institute  of  Electrical 
Engineers.  —Elec.   Eng.,   July  24,    1895,  p.  84. 

ELECTRICITY,   Use  of  . 

Illustrated  article  by  Geo.  H.  Guy  on  the  instruction  work  at  the  signal 
corps  of  the  U.  S.  Army  at  Ft.  Riley,  Kas.  —Elec.  Eng.,  Dec.  12,   1894. 

ELECTRICITY.    Use    of   for    Cooking  and  Heating. 

by  R.  E.  Crtimpton.  —Elec.  Eng.,  May  15,   1895.  p.  438. 

ELECTROLYSIS. 

See    WATER    WORKS    ASSOCIATION. 

ELECTROLYSIS. 

See  WATER  WORKS  OF  BOSTON. 

ELECTROLYSIS. 

General  review  of  this  field,  discussing  remedies  in  the  case  of  cities  where 
electric  roads  are  already  in  operation,  preventive  measures  for  cities  where 
roads  are  yet  to  be  installed,  and  legal  aspects  of  the  subject.  Prof.  H.  A. 
Storrs.  With  discussion.  — Jtour.  N.  E.  W.  W.  Assn.,  Vol.  10,  No.  1,  p.  33 
(1895). 

ELECTROLYSIS   and  Its  Application    in  Practical  Life. 

Paper  by  F.  Quincke,  read  before  the  Society  of  Engineers  at  Aix  La  Cha- 
pelle,  in  which  the  application  of  this  branch  of  electricity  is  fully  de- 
scribed  and    discussed.  — Ztsch   Ver.  Ing.,  April  27,  1895. 

ELECTROLYSIS,  Legal  Aspects   of . 

Electric  railways  should  furnish  whatever  is  necessary  to  minimize  elec- 
tric corrosion,  and  would  probably  be  held  liable  for  damage.  —Gassier, 
April,    1895.     St.    Ry.    Gaz.,    April   6,  1895. 

ELECTROLYSIS;  Preventing   . 

Underground  pipe  completely  protected.  Method  given  by  Harold  P,  Brown. 
—Gassier.  Vol.  8,  No.  6,  p.  613  (1895). 

ELECTROLYSIS    Prevention    at    Newark,    N    J. 

Method  of  accurate  testing  potential  of  pipe  and  rail,  and  of  dealing  with 
the  question  of  electrolysis.  Illustrated.  Harold  P.  Brown.  —St.  Ry.  Rev.. 
Vol.  5,  No.  12,  p.  739. 

ELECTROLYSIS   and  Rail-Bonding. 

Electrolytic  corrosion  in  underground  metal  pipes  may  be  prevented  by 
proper  bonding  of  rails  of  electric  railways.  Illustrated.  George  P.  IjOW. 
—Trans.  A.  I.  E.  E..  Feb.,  1895. 

ELECTROLYSIS,  Notes  on  Pipe   ^ . 

Considerations  of  different  modes  of  dealing  with  the  trouble  under  differ- 
ing conditions  with  diagrams.  Maurice  Hoopes.  —Elec.  World,  May  25,  1895, 
p.  603. 

ELECTROLYSIS    of    Water    Pipe. 

Results  in  Brooklyn;  attempted  prevention  by  requiring  more  efficient  re- 
turn conductors  and  by  placing  return  wires  at  necessary  points  of  the 
pipes.  Report  to  Commissioners  of  Electric  Subways,  by  Prof.  John  A. 
Barrett.  — R.  R.  Gaz.,  Jan.  18.  1895.  St.  Ry.  Gaz.,  Jan.  26,  1895.  Eng, 
Rec.  Feb.  23,   1895. 
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ELECTROLYTIC   CORROSIO>\ 

See  RAIL,  BONDING. 

ELECTRO-THERMAL  AVIRE  vs.  Electro  Mngiiet, 

By  E.  R.  Knowles,  E.  E.  — Elec.  Engr.,  May  22,  1895,  p.  458. 

ELEVATEn  RAIL"\V^4-Y. 

The  Meigs  System.  Details  of  special  features,  such  as  the  single  row  of 
columns  and  single-.?irder  track;  special  trucks  and  cylindrical  locomotive 
and  cars.  — Lon.  Engineer,  Dec.  28,  1894;  Sci.  Am.  Sup.,  Feb.  2,  1895. 

ELEVATED   RAILAVAY. 

The  Metropolitan  Elevated  Railway  at  Chicago.  Illustrated.  —St.  Ry. 
Jour.,  Feb.,  1895.  — — 

ELEA^\TED    RAILAVAY.  Electric   . 

The  Metropolitan  Elevated  Railway  at  Chicago.  Fully  illustrated.  —St. 
Ry.   Jour.,   Feb.,    1895.      St.    Ry.    Gaz.,   April   27,    1895. 

ELEVATED    RAILWAY,   Electric . 

The  Metropolitan  "West  Side  Railway,  of  Chicago.  Said  to  be  the  best 
elevated  road  in  the  world,  and  furnishing  the  widest  application  of  elec- 
tricity. Full  description  of  elevated  structure,  electric  plant  and  equip- 
ment. Illustrated.  —St.  Ry.  Rev.,  May,  1895,  pp.  26.3-274.  Elec.  Eng.,  May  15, 
1895,  p.  4.33,  et  seq.  R.  R.  Gaz.,  June  7,  1895,  p.  864.  Elec.  Rev.,  July  12, 
1895,  p.  32.     Power,  Aug.,  1895.  p.  1. 

ELEVATED    RAILAVAY,  Electric   . 

The  Metropolitan  West  Side  Railway  of  Chicago.  Said  to  be  the  finest 
elevated  road  in  the  world,  and  furnishing  the  widest  application  of  elec- 
tricity. Full  description  of  elevated  structure,  electric  plant  and  equip- 
ment. Profusely  illustrated.  —St.  Ry.  Rev.,  May,  1895,  pp.  263-274 ;__Elec. 
Eng.,  May  15,  1895,  p.  433  et  seq. 

ELEVATED    RAILAV'AY.   Electric   . 

The  Northwestern,  t)f  Chicago.  Proposed  route,  plans  for  elevated  struc- 
ture and  general  arrangements.  Illustrated.  —Eng.  News,  Sept.  5,  1895,  p. 
140. 

ELEVATED  RAILAVAY,  Electric  Eqaipiiicnt  of  an   . 

Generators,  method  of  securing  contact  with  the  third  rail,  and  general  de- 
tails on  the  Chicago  Metropolitan  Elevated  Railway.  — R.  R.  Gaz..  June  7, 
1895,   p.  364. 

ELEA^\TED  RAILAA^AA"  Terminal. 

The  new  Brooklyn  terminal  of  the  Brooklyn  Bridge.  Illustrated.  —Eng. 
News,  July  4,   1895,   p.  2. 

ELEVATED    RAILAA^AAS    in    Berlin. 

An  article  explaining  and  describing  the  various  projects  submitted  to  the 
authorities  in  Berlin.  There  are  some  illustrations,  but  no  details  are 
given.  —Deutsche  Bztg.,   Feb.   2,   1895,  et  seq. 

ELEVATED    STRUCTURE    of   Merchants  Bridge  Terminal  Railroa«l. 

The  double  track  plate  girder  construction  recently  built  at  St.  Louis.  H. 
P.    Taussig.    Illustrated.  —Eng.    News,  July  IS,  1895,  p.  34. 

EMERA'  AA  HEELS  and  Tests. 

Their  manufacture,  use,  perfection  and  tests.  T.  Dunkin  Paret.  —Gassier, 
May,    1895,   p.   50. 

E\ERGA%  Electrical    —   Co.st   of   . 

By  B.  J.  Arnold.  —Power,  Dec.  1894. 

ENGINE   and   Boiler  TestiiiK. 

See   BOILER. 

ENGINE   AND    DYNAMO. 

See  DYNAMOS. 
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ENGIXE,  Combined  Steam  una  IIot-Air. 

Abstract  of  paper  by  Andrew  Jamieson,  read  before  the  Institution  of  Engi- 
neers aod  Ship-builders  of  Scotland.  Describes  the  engine  and  gives  indi- 
cator cards  and  results  of  two  tests.  — Prac.  Engr..  July  5,  1895. 

ENGIIVE,    Cut-Off  of   . 

Fixed  cut-off  and  throttling  vs.  the  automatic  cut-off.  Abstract  of  paper 
by  Chas.  T.  Porter,  read  before  the  Amer.  Soc.  Mech.  Engrs.  — Ry.  Eng. 
and   Mech.,    Jan.,    1S95. 

ENGINE  CYLINDERS,  Initial  Condensation  and  Heat  Wastes  in  Steam 

A  paper  by  R.  H.  Thurston,  read  at  the  Thirty-sixth  session  of  the  Insti- 
tution of  Naval  Architects.  —Prac.  Engr..  July  19,  1895,  et  seq. 

ENGINE.  Develonnient  of  the  Single- Aetins   Ilisli-Speeil    . 

A  paper  read  before  the  Institution  of  Electrical  Engineers,  by  Mark  Rob- 
inson. —Prac.  Engr.,  May  31,  1895,  et  seq. 

ENGINE,  Ply  Wheel   for  Steam  . 

Design  of  the  Providence  Steam  Engine  Co.  Illustrated.  —Am.  Mach.,  Nov. 
14,   1895,  p.  901. 

ENGINE  for  Electric  Central  Station    AV'ork. 

The  recent  development  of  the  single-acting  high-speed  engine.  Mark  Rob- 
inson.   Serial.  — Elec.   Rev.,   May  IT,  1895,   p.  626. 

ENGINE  GOVERNORS. 

A  series  of  articles  on  designing  and  proportioning  governors,  by  R.  Gor- 
don  Blaine.  —Mech.    World,    Dec.   7,  1894.  et  seq. 

ENGINE,  Oil    . 

Results  of  some  tests  ton  German  oil  engines  by  Professors  Hartmann  and 
Schottler.  —Prac.    Engr.,    Aug.    .30,    1895,   et  seq. 

ENGINE,    Petroleum    . 

See   PETROLEUM    MOTOR. 

ENGINE,    Steam   . 

Chas.  T.  Porter's  new  high-speed  engine,  with  illustration  of  the  cam  used 
for  operating  valve  mechanism.     —Am.  Mach.,  Feb.  21.  1895. 

ENGINE.    Steam    . 

Trials  of  a  compound  engine  with  a  cylinder  ratio  of  7  to  1.  Paper  read 
by  F.  W.  Dean  before  the  Am.  Soc.  of  Mech.  Engrs.  —Prac.  Engr.,  Dec  28, 
1894. 

ENGINE,   Steam   . 

"Working  drawings  of  small  engine  for  turning  over  large  triple  expansion 
marine    engines.   —Prac.    Engr.,    Jan.  11,  1895,  et  seq. 

ENGINE,  Steam  . 

Report  of  test  of  triple  expansion  engine  built  by  Southwark  Foundry  & 
Machine  Co.  for  the  Chicago  Edison   Co.— Elec.  Engr.,  Feb.  27,  1895. 

ENGINE,  Steam  •    500  Horse  Power,  Witli  Callman  "Valve  Gear. 

An  article  giving  a  complete  description  of  an  excellent  engine  provided 
with  the  Collman  cut  off  valve  gear.  The  illustrations  are  excellent.  — 
Prktsch.  Msch.  Cnstr.,  June  6,  1895,  et  seq. 

ENGINE.   Test   of   the   Detroit   Pnuipiinpr . 

Description  of  plant  and  details  Of  duty  test  of  the  new  24,000,000  gal.  Allis 
engine.    Illustrated.  —Eng.  Rec,  Nov.  30,  1895,  p.  477. 

ENGINE.   Type   of   . 

Abstract  from  the  plans  and  specifications  for  torpedo  boat  eng-ines.  Issued 
by  the  Bureau  of  Steam  Engineering  of  the  U.  S.  Navy  Dept.  —Mech. 
"World,  Dec.  21,  1894,  et  seq. 

ENGINE.  Tests  of   . 

Results  of  tests  on  engines  and  boilers  of  the  Milton  Spinning  Co.,  Mossley. 
by  Edward  G.    Hiller.  —Prac.   Engr.,  Aug.  23,   1895. 
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EXGIXE,  Tests  of  a  Resenerator  IIot-Air  . 

The  tests  were  made  by  G.  W.  Bissell  to  determine  the  effect  of  varying 
the   weight   of   the   regenerator.— Trans.  A.  S.  M.  E.,  Vol.  XY.  (1S94),  p.  744. 

EXGIXE,  The  Modern  Gas   . 

A  paper  by  G.  E.  Stevenson,  read  before  the  Incorporated  Institution  of  Gas 
Engineers.  — Prac.  Engr.,  July  12,  1895,  et  seq. 

EXGIXE,  The  Portable   . 

History  of  Its  evolution  and  perfection.  Its  prerent  construction  and  field. 
Profusely  Illustrated.  W.  D.  Wansborough.  —Gassier,  Vol.  IX,  No.  2,  pp. 
83-107  (1S95). 

EXGIXE,  Triple  Expansion 

Description  of  small  engine  for  steam  yacht  "Wapiti."  —Am.  Eng.  &  R.  R. 
Jour.,  Jan.,   1895. 

EXGIXEER,  Civil . 

See    CIVIL,    ENGINEER. 

EXGIXEER;   the   Civil . 

Annual  president's  address  before  the  American  Society  of  Civil  Engineers. 
George  S.  Morison.  —Trans.  A.  S.  C.  E.  Vol.  xxxiii,  No.  6,  pp.  467-484, 
1S95. 

EXGIXEER;   the   Civil 

Editorial  comment,  approving  President  Morison's  definition  of  the  broad 
scope  of  the  term.  — Lon.  Eng.,  July  26,    1895.   p.    117. 

EXGIXEERIXG  COURSES,  Admission  to . 

See  ENGINEERING  EDUCATION. 

EXGIXEERIXG  Decrees. 

The  question  of  graduate  and  post-graduate  degrees  discussed  by  Prof. 
Robert  H.  Thurston.  The  writer  advocates  giving  distinctive  engineering 
degrees  to  graduates  from  engineering  courses.  — Sci.  Am.  Sup.,  March  23, 
1S95. 

EXGIXEERIXG  DEGREES.   Gradnate   and  Post  Graduate  . 

See  ENGINEERING  EDUCATION. 

EXGIXEERIXG  Edneation. 

Foreign  technical  schools,  with  especial  reference  to  general  supervision 
of  technical  schools,  drawing  in  German  schools,  and  the  Clausthal  school 
of  mines  and  the  school  for  marine  machinists  and  engineers  of  Germany. 
— U.    S.    Consular   Reports,   March,    1895. 

EXGIXEERIXG    EDUCATIOX. 

Lecture  by  A.  Riedler,  in  which  he  advocates  a  reform  of  the  Gloman 
technical  school  in  the  direction  of  making  it  more  practical.— Ztsch.  Ver. 
Ing.,  Aug.  10,  1895. 

EXGIXEERIXG  EDICATIOX, 

Theory  and  practical  application  considered,  with  the  combination  of  the 
two  as  taught  in  American  coHeges.  The  question  of  the  proper  develop- 
ment of  each  in  the  different  engineering  courses.  Prof.  L.  S.  Randolph. 
—Jour.  Ass'n  Eng.  Socs.  Vol.  XIV,   No.  6,  p.  495,  1895. 

EXGIXEERIXG    EniCATIOX. 

See     EDUCATION.     MECHANICAL  ENGINEERS. 

EXGIXEERIXG   EDICATIOX,   Xatnral    Scicnee  Trainins:  for  Engineers. 

Plea  of  Prof.  N.  S.  Shaler  for  a  thorough   course  in   physics,   chemistry  and 
geology.  —Eng.    Mag.,    Vol.    IX,    No.  6,  p.   1021   (1895). 
EXGIXEERIXG  EDIJCATIOX,  Proceedings   of   the   International   Congress 
on  . 

Papers  read  at  Chicago,  1893,  on  The  Ideal  Engineering  Education,  by  Wm. 
H.  Burr;  Requirements  in  Mathematics,  by  A.  N.  Talbot;  Favorable  and 
Unfavorable  Tendencies,  by  P.  C.  Ricketts;  Comparison  Between  American 
and  European  Methods,  by  G.  F.  Swain;  American  Mining  Schools,  by  S. 
B.  Christy;  Equipment  of  Engineering  Schools,  by  B.  H.  Thurston;  Hy- 
draulic Laboratory  of  Mass.  Inst.  Technology,   by  Dwight   Porter;   Teaching 
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of  Graphic  Methods,  by  H.  S.  Ilele-Shaw;  Original  Research  by  Students,  C. 
D.  Marx  and  R.  C.  Carpenter;  Field  Practice  and  Field  Equipment,  by  C.  D. 
Jameson;  Technical  Literary  Work,  by  M.  Merriman;  Technical  Literature, 
by  J.  B.  Johnson;  Drawing,  by  C.  S.  Denison;  Vacation  Work,  by  A.  E.  Bur- 
ton, and  Graduating  Theses,  by  G.  Lanza.  —Published  by  the  Society  for  the 
Promotion   of  Engineering  Education,  Vol  1. 

ENGINEERING  EDIJCATIOX,  I'roceediiiss      of      Second      Animal      Meetlns 
ot  Society  for  Promotion  of . 

Papers  read  at  Brooklyn,  1S94,  on  Requirements  for  Admission  to  Engineer- 
ing Courses,  by  F.  O.  Marion;  Graduate  and  Post-graduate  Engineering  De- 
grees, by  P.  C.  Ricketts,  G.  F.  Swai  and  R.  H.  Thurston;  Teachers  and  Text 
Books  in  Mathematics,  by  Mansfield  Merriman;  Teaching  of  Engineering 
Specifications  and  the  Law  of  Contracts,  by  J.  B.  Johnson;  Mechanical 
Drawing,  by  J.  J.  Flather;  German  Technical  Schools,  by  Storm  Bull;  En- 
gineering Laboratories,  by  G.  Lanza;  Early  Instruction— Physics  and  Me- 
chanics, by  C.  M.  Woodward;  Laboratory  Work  and  Equipment,  by  Dwight 
Porter;  College  Field  Practice,  by  O.  V.  P.  Stout;  Courses  in  Structural  En- 
gineering, by  Edgar  Marburg;  Shop  Work,  by  C.  W.  Marx;  Mechanical  Lab- 
oratory Work  at  Ames,  Iowa,  by  G.  W.  Bissell;  Electrical  Engineering  Lab- 
oratories, by  D.  C.  Jackson;  Machine  Design,  by  J.  H.  Barr;  Education  of 
Civil  Engineers  for  Railroad  Service,  by  C.  F.  Allen;  Engineering  Educa- 
tion and  the  State  University,  by  W.  S.  Aldrich.  —Vol.  II  of  the  Societies' 
Proceedings. 
ENGINEERING    Ethics. 

The  code  reported  to  the  Canadian  Society  at  its  annual  meeting.  —Trans. 
Can.   Soc.   C.   E.,   p.   49  (1895). 

ENGINEERING,    Meelianical   In    tbe   United   States   Navy  . 

Paper  by  Uthemann,  read  before  the  Eng.  Society  of  Schleswig  Holstein. 
Tbe  paper  is  fairly  illustrated,  and  treats  of  the  progress  made  during  the 
last  ten  years  in  the  equipment  of  machinery  for  the  U.  S.  Navy.  — Ztsch. 
Ver.  Ing.,  Dec.  29,  1894. 

ENGINEERING,  Professional  Career. 

Address  of  Theodore  N.  Ely  before  the  students  at  Rensselaer.  Serial.— 
Eng.   Rec,  Aug.   10,   1895,  p.   184,   et  seq. 

ENGINEERING,  Sanitary  . 

Lecture  delivered  by  W.  Paul  Gerhard,  before  the  Frank.  Institute.  —Jour. 
Frank.  Institute,  June,   1895,   et  seq. 

ENGINEERING   STRUCTURES,  Details  of  Constrnction  of  . 

Proportioning  the  different  members,  designing  the  details  and  prepar- 
ing the  drawings.  Lecture  by  C.  C.  Schneider.  Serial.  —Eng.  Rec,  Sept.  7, 
1895,   p.   257. 

ENGINEERING  Tliree  Hundred  Years  Ago. 

Interesting  description  of  machinery  used  in  that  age,  with  especial  refer- 
ence to  pumping  machinery,  described  by  Ramelli.  Illustrated.  W.  F. 
Durfee.  -Gassier,   Vol.  VIII,   No.   2  (1895),  p.  97. 

ENGINEERING   AVORKS;   Tlie  Clydebank:  Shiiilinilding  and . 

Description  at  length  of  these  extensive  works — Fully  illustrated  serial. — Lon. 
Eng.,  July  12.  i895,  p.  31,  et  seg. 

ENGINEERS;    Professional    Status    of  . 

Report  of  committee  to  the  Canadian  Society  urging  recognition,  and  the 
continuance  of  the  committee  to  investigate  the  question  of  forming  a  close 
corporation.  —Trans.    Can.    Soc.    C.   E.,  p.  42  (1895). 

ENGINES. 

See  CYLINDER  WALLS,  DYNAMO,  ELECTRIC  LIGHTING,  ENGINE 
CYLINDERS,  INDICATORS,  OIL  ENGINES.  PIPE  COVERINGS,  PIS- 
TONS, SAFETY  VALVES,  STEAM,  STEAM  ENGINES,  VALVES,  WATEIR 
WORKS. 

ENGINES,  Componnd   . 

Rules  for  equalizing  the  power  developed  in  the  cylinders  of  compound 
engines.  —Power,    Sept..   1895,  p.  9. 
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ENGINES,  Corliss   . 

Proportions  of  steam  ports  and  valve  seat  diameters,  by  Fleming-  Fitzroy.  — 
Prac.  Engr.,  Dec.  20,  1895,  p,  533. 

ENGINE.S,  Cylinder  Proportions  of  Compound   . 

A  method  of  proportioning  the  cylinders  of  compound  engines  by  their 
free  expansiion  losses,  by  Frank  H.  Ball.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 
(1894),  p.  759. 

ENGINES,    Eoononiic   Tests    of   . 

Results  of  tests  of  a  beam  engine  and  two  Lancashire  boilers,  by  Laving- 
ton  E.  Fletcher.  —Prac.  Engr.,  Dec.  13,  1S95,  p.  512. 

ENGINES,  Fly  AVheels  for  Steam   . 

Designs  of  the  Harris  Steam  Engine  Co.  Illustrated.  —Am.  Mach.,  Dec. 
12,   1895,   p.   986. 

ENGINES,  Gas    . 

Amount  of  gas  consumed  per  hour  per  horse  power  by  engines  of  different 
makes.  —Safety   Valve,   Feb.,    1895. 

ENGINES;  Gas,  Oil  and  Steam   . 

Points  and  information  concerning  those  at  the  Royal  Agricultural  Socie- 
ty's show,  England.  Serial.  Illustrated.  — Lon.  Engineer,  June  28,  1895,  p. 
551,  et  seq, 

ENGINES,   Heat   . 

The  development  of  their  experimental  study,  showing  that  scientific  ad- 
vance and  practical  improvement  proceeded  together.  The  "James  For- 
rest" lecture  of  the  Institution  of  Civil  Engineers,  by  Prof.  W.  C.  Unwin.  — 
Lon.  Eng.,  May  3,  1895,  p.  590,  et  seq;  Lon.  Engineer,  May  3,  1895,  p.  379, 
et  seq;  Eng.  Rec,  June  1,  1895,  p.  9,  et  seq. 

ENGINES;  Heat   . 

The  development  of  their  experimental  study,  showing  that  scientific  ad- 
vance and  practical  improvement  proceeded  together.  "The  James  Forrest" 
lecture  of  the  Institution  of  Civil  Engineers,  by  Prof.  W.  C.  Unwin.— Proc. 
Inst.,   C.   E.,   Vol.   CXXII,   pp.  154-186  (1895). 

ENGINES,  Heat  and   Heat   . 

A  series  of  articles  by  W.  C.  Popplewell,  on  the  theory  of  heat  engines.  — 
Prac.  Engr.,   Sept.   6,  1895. 

ENGINES,   Internal   Friction    In    Steam   . 

Paper  by  W.  W.  Houfle  discussing  the  friction  of  the  different  moving  parts. 
Prac.  Engr.,  Xov.  22,  1895,  et  seq. 

ENGINES;    Motive . 

Pressure  and  impulse  considered  and  compared,  with  reasons  given  why  im- 
pulse of  both  steam  and  water  will  probably  become  the  best  method  of  ap- 
plying power?.  John  Richards.  Jour.  Assn.  Eng.  Socs.,  vol.  xiv,  Xo.  6.  p. 
484.  1895. 

ENGINES,  OH    . 

Trials  of  oil  engines  at  Cambridge.  Illustrated.  —Prac.  Engr.,  Jan.  18, 
1895,  et  seq. 

ENGINES,  Pressure  and  Impulse  in    Motive   . 

Paper  read  by  John  Richards  before  the  Technical  Society  of  the  Pacific 
Coast.  —Am.   Eng.   &   R.    R.   Jour.,    March,  1895. 

ENGINES,  Proportioiiiny:  Cylinders  for  Compound   . 

Paper  by  E.  C.  Knapp,  read  before  the  Amcr.  Soc.  of  Mech.  Engineers,  at 
Detroit,    ls95.  -Prac.    Engr.,    July   19,  1895.     Safety  Valve,  Sept.   1.5,   1895. 

ENGINES,    Reiarulatlon    of    Steam    ■ . 

A  paper,  by  John  Richardson,  read  before  the  Institution  of  Civil  Engi- 
neers, discussing  the  mechanical  and  electrical  methods  of  regulating.  — 
Prac.   Engr.,  Aug.  30.  1895,  et  seq.    Am.  Mach.,  Sept.  12,  1895,  p.  724,  et  seq. 

ENGINES,  Setting  Valves  of  Corliss    . 

Illustrated.  —Am.  Mach..  May  15,  1895,  p.  390. 
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ENGINES,   Steam   . 

Designing  Corliss  valve  gear,   by  James     Dunlop.    Illustrated.  — Prac.     Eng., 
May  17,    18'J5,  p.   386. 

ENGINES,  Steam   . 

Distribution   of  steam   in   engines.    By    Jos.    Butterworth,    M.    Inst.    M.    E., 
London.  — Prac.   Engr.,   Dec.  21,   1894. 

ENGINES,    Steam   . 

Method   of  proportioning  the   cylinders    of    compound    engines,    proposed    by 
E.  C.  Knapp,   at  the  Detroit  meeting,  A.  S.  M.  E.  —Power,  July,  1895,  p.   16. 

ENGINES,    Steam    . 

Recent  interesting   designs    illustrated  and  discussed.     Geo.    L.    Clark.  —Gas- 
sier.  Vol.    VIII,   No.   5,   p.  511. 
ENGINES;  Steam    . 

Their   mechanical   and   electrical   regulation.    J.   Richardson. — Proc.   Inst.,  C. 
E.,  Vol.  GXX,  p.  211  (1895). 

ENGINES,  Steam  -— . 

Of  the  twin  screw  steam  ships  "North  West"  and  "North  Land."  Illus- 
trated.    Am.   Mach.,   Nov.   14,   1895,  p.  904. 

ENGINES,  Steam  Fire   . 

Their  efficiency   and   capacity   determined    by    described    tests    by     the    lire 
commissioners   of  Boston,    Mass.    Editorial    comment.  —Eng.     News.    March 
28,  1895. 
ENGINES,  Steam   Pipes  £oi-  Marine    . 

General  consideration  and  comparison  of  copper,  cast-iron  and  wrought 
iron  pipes.    J.   T.    Milton.  —Eng.    News,  May  9,  1895,  p.  310. 

ENGINES,  Toritedo  Boat  an«l  Torpeilo    Destroyer 

Illustration  and  description  of  engines  used  on  English  gunboats.  — Safety 
A'alve,  Dec.  15,  1894. 

ENGINES,  Trial  of  a  Pair  of  Coiiipoii  ii)l    He;>m . 

Discussion  of  results  of  trials  of  t-ompound  engines  with  steam  jackets,  by 
Michael  Lougridge.  —Prac.  Kngr.,  Nov,   UO,    1S95,   p.   248. 

ENGINES,   Trials   of  Oil   . 

Results  of  some  trials  of  oil  engines  made  at  Berlin  and  at  Meaux.  — Amer. 
Eng.  &  R.   R.  Jour..   Sept.,  1895,  p.  393. 

ENGINES,  Trials   of  Triple  Expansion    Beam    . 

Results  of  three   trials  by  Michael  Lougridge  on  engines  at  Moorland  Mills, 
Bolton,  England.  —Prac.  Engr.,  Nov.  1,  1895,  p.. 262. 
EXCAVATING  Machine. 

Details  of  construction  and  Operation  of  the  Carson-Trainor  trench  ma- 
chine.    Illustrated.  —Eng.   News,  June  20,  1895,  p.  406. 

EXCAVATION;  Modern   Methods   of  Canal    . 

By  Isham  Randolph,  Chief  Engineer  of  the  Chicago  Sanitary  and  Ship 
Canal  before  meeting  of  the  International  Deep  Waterways  Association  at 
Cleveland,   O.    Serial.— Eng.   Rec,   Oct.  12,  1895,  p.  348,  et  seq. 

EXPLOSIVES. 

Their  manufacture,  nature,  characteristics,  adaptability  and  special  uses 
exhaustively  discussed.  Prof.  Vivian  B.  Lewes.  — Sci.  Am.  Sup.,  Feb.  2."., 
1895,  et  seq. 

FACING   MACHINE. 

See  MACHINE. 
FAN.  Forced  Draft 

Made  by  the  Buffalo  Forge  Co.    Illustrated.  —Am.   Mach.,   Dec.   20,    1894. 

FANS;  Centrlfnsal    . 

Experiments  on  the  efficiency  of  different  kinds,  with  results.  Bryan  Don- 
kin.— Proc.   Inst.   C.   E.,    Vol.   CXXIl,  p.  265  (189.5). 

Ji'ANS,    Centrifugal   . 

Formulae  for  computing  the  pressure  and  volume  of  air  moved  by  .    By 

Jas.   Dunlop.  —Prac.    Engr.,    March  15,  1895. 
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FENCE  POSTS,  Old  RailM  Converted    Into    . 

Description  of  machines  for  splitting  rail  lengthwise  and  cutting  it  into 
fence  ^^ost  lengths  at  a  cost  of  40  cents  each,  where  the  old  rails  cost  $10 
per  ton.  — Ind.  Engr.,  Dec.  15,  1894. 

FENDER  for  Street  Cnrj,. 

The  Yost  street  car  fender.    Illustrated.  — Elec.  Eng. 

FERRIES,  Car  . 

See  CAR  PERRIES. 

ii^ILTER   BEDS,    Covered    . 

The  new  installation  at  Grand  Forks,  North  Dakota.  Illustrated.  —Eng. 
News,   May  23,1895,   p.   341. 

FILTR.VTION. 

See   WATER,    WATER   WORKS   ASSOCIATION. 

FILTRATION. 

See    WATER    WORKS    ASSOCIATION. 

FILTRATION  of  City  Water  Supplies. 

Valuable  resume  of  investigations  and  conclusions  concerning  filtration  and 
its  efficiency,  both  as  a  mechanical  and  bacteriological  purifier.  Robert 
INIoore.    Jour.    Assn.    Eng.   Socs.,   Jan.,  1895. 

FILTRATION  of  Pnblie  AVater  Supplies. 

General  review  of  chemical  treatment  and  of  recent  investigations  in  nat- 
ural filtration.    Dr.    Henry   Leffmann.  — Proc.  Eng.  Club,  Phila.,  Jan.,  1895. 

FILTRATION    of    tlie    Mnssrel    Lake   Water  Supply. 

Construction,  plans,  capacity  and  work  of  the  filters  of  the  Berlin  water 
works.    H.    Gill.  —Proc.    Inst.    C.    E.,  Vol.  119.  —Eng.  Rec,  April  20,  1895. 

FIR,  Douglass   ,  Transverse  Strength  of  . 

See  TIMBER  TESTS. 

FILTRATION,    Sand   . 

Removal  of  bacteria  by  continuous  or  intermittent  sand  filtration  to  99  per 
cent,  of  the  whole.  Results  of  the  Lawrence  experiments.  George  W.  Ful- 
ler. — Sci.  Am.  Sup.,  Feb.  2,   1895. 

FIRE-CLAYS,    Fusibility    of 

Methods  of  tests  described  and  the  fusibility  of  thirty  different  clays  from 
various  States  given.  -Trans.    A.   I.  M.  E.,   1S95. 

FIRE  ENGINES. 

See  ENGINES. 

FIRE   ENGINES. 

Historical  description,  the  modern  steam  fire  engine,  and  the  prospect  of 
utilizing  electricity  for  power.    Joseph  Sachs.  — Gassier,  Feb.,   1895. 

FIRE   ENGINES,    Capacity   of  Steam    . 

Results  of  extensive  tests  of  different  engines  tabulated  and  discussed, witfi 
capacity  of  hydrants  and  hose.  Dexter  Brackett.  — Jour.  N.  E.  W.  W. 
Assn.,    March,    1895. 

FIRE-PROOI'"ING  Processes. 

Tests  of  the  "Electric"  system  of  filling  the  wood  with  a  patent  compound 
resulted  in  a  good  showing  for  the  process.  Other  methods,  and  the  use  of 
fire-proofing     paints.  —Eng.     News,  Jan.  24,  1895. 

FIREPROOFING  Tests. 

See   TKSTS. 
FIRE    PKOTIOCTION   in   Theatres. 

See  THEATRES. 

FLOOR  ARCH  Tests. 

See  BUILDING  CONSTRUCTION. 

FLOOR   Material    Test.-*. 

Methods  and  results  of  38  tests  of  different  kinds  of  fire-proof  floor  construc- 
tion, including  Melan,  clay-block  and  other  arches.  With  tables  and  illus- 
trations. George  Hill.  —Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  6,  pp.  542-.".fiS 
(1895). 
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FLOORS,    Hollow    Tile , 

European  and  American  practice,  former  types  and  their  evolution.  Pres- 
ent forms,  with  results  of  two  tests.  Fr.  von  Emperger.  —Trans.  A.  S.  C.  E., 
Vol.   XXXIV,   No.   6,  pp.   521-531   (1805). 

FLOW^    o£    Water. 

Discussion  and  formulae  for  flow  over  weirs  with  rounded  crests.  N. 
Werenskiold  and  Jos.    P.   Frizell.  — Eng.  News,  Jan.  31,  1895. 

FLO^V    of    AV'Uter. 

Discussion  and  formulae  of  flow  over  a  dam  with  a  wide  horizontal  top. 
Edward  N.  Pike  and  Jos.  P.  Frizell.  — Eng.  News,  Jan.  31,  1895. 

FLY-AVHEELi,   WitU    AVronslit    Iron    SpoUes. 

Designed  by  E.  S.  Cobb,  for  a  500-H.  P.  engine.  Illustrated.  — Amer.  Eng. 
&  R.  R.  Jour.,   Oct.   1S95,  p.  451;  Power,  Nov.,  1895,  p.  11. 

FLY    AVHEELS,    Anns    <»r    . 

Stresses  In  the  arms  of  fly  wheels.  By  A.  B.  Guy.  —Am.  Mach.,  April 
18,  1895. 

FLY-AVHEELS,   Sti'ains  iu  Arms  of . 

By    Charles    M.    Jones.    Illustrated.  —Am.  Mach.,  Jan.  3,  1895. 

FLY-AVHEELS,   Strenstli    of   Rim   Joints   in   . 

By    J.    B.    Stanwood.  —Trans.    A.    S.  M.  E.,  Vol.  XV. 

FORMULAS. 

Inapplicable  when  conditions  differ  from  those  obtaining  at  the  time  of  ex- 
periment.   Geo.    Y.    Wisner.  —Eng.  News,  Jan.  10,  1895. 

FOUNDATION,     Strengtliening    a   . 

See  UNDERPINNING. 

FOUNDATIONS;    Hydraulic    Caisson  . 

Methods  and  plans  of  the  foundations  for  the  Johnston  Building,  New 
York  City,  with  detailed  description  of  the  hydraulic  caissons  now  being 
used     In     construction.    Illustrated.  —Eng.   Rec,   July  13,  1895,   p.   117. 

FOUNDATIONS   of  the   New  YorU   Catliedral 

Plans  and  methods  of  construction.    Illustrated.  —Eng.    Rec,   Aug.    10,    1895, 

p.  isa. 

FOUNDRY  Iron   — . 

New  plant  of  the  Frank  H.  Clement  Co.  Illustrated.  —Am.  Mach.,  Sept.  26, 
1895,    p.    771. 

FREEZING  Process. 

The  sinking  of  two  shafts  330  feet  through  water-bearing  strata  of  sand 
and  cretaceous  deposits  by  the  use  of  circulating  chloride  of  calcium  ap- 
plied for  six  months.  — Sci.   Am.   Sup.,   May  25,   1895,  p.   16167. 

FRICTION  BRAKES,   New  Forms   of   . 

Different  designs  discussed  in  the  ight  of  their  adaptability  and  efficiency. 
Illustrated.  W.  F.  M.  Goss.  Serial  — Elec.  Rev.,  July  26,  1895,  p.  98,  et  seq. 
Prac.   Engr.,   Aug.   9,    1895,   et  seq. 

FRICTION   CLUTCH. 

The  1500  H.  P.  friction  clutch  used  on  the  cable  railroad  of  the  New  York 
and   Brooklyn    Bridge.    Illustrated.  —Prac.  Engr.,  Jan.  4,  1895. 

FRICTION    in    Gear    M^lieels. 

Paper  by  M.  Kohn  treating  from  a  theoretical  point  of  view  the  friction 
between  gear  teeth.  The  paper  is  illustrated.— Ztsch.  Ver.  Ing.,  Sept.  14, 
1895. 

FRICTION  in  a  AVater  Main. 

Experiments  resulting  in  giving  a  less  value  for  loss  of  head  than  Is 
found  from  Darcy's  or  Unwin's  formula.  — Proc.  Inst.  C.  E.,  Vol.  119.  Eng. 
News,  April  4,  1895. 

FRICTION.   Static    . 

Results  of  experiments  on  different  materials  under  different  pressure,  to 
determine  the  coefficient  of  static  friction.  Paper  read  by  C.  M.  Broom- 
all  before  the  Am.   Soc.    of  C.    E.  —Am.    Mach.,   April    IS,    1895. 
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Ft'EIj,  Calorific  Determination  of  tl»e  Value  of  . 

The  calorimeter  test,  with  description  of  method  used.  Geo.  H.  Barrus. 
With  discussion.  Illustrated.  Jour.  N.  E.  W.  W.  Assn.,  Vol.  10.,  No.  1,  p. 
48   (1895). 

FUEL    Cheap   

By  Eckley  B.  Coxe.  Illustrated  by  charts.     Am.  Mach.,  May  23,  1895,  p.  405. 

FUEL  COStMPTIOX  In  an  Edison  Electric  Station. 

Approximate  analysis  of  the  use  of  coal  in  a  station  of  the  type  standard, 
about  1890,  the  result  showing  about  5  pounds  of  coal  to  the  electric  H.  P. 
R.  S.  Hale.  —Jour.  Ass'n  Eng.  Socs.,   Vol.   XV,   No.   2,    pp.   57-68   (1895). 

FUEL.    COXSUMPTIOX   in    Electric    Po»v<'r   Stations. 

See  COAL  CONSUMPTION. 

FUELS. 

Relative  value  of  different  fuels,  by  E.  P.  Reichhelm.  —Am.  Mach.,  Jan.  10, 
1895. 

FUELS, 

See  COAL,   GAS,   OIL. 

FURNACE    CONSTRUCTION;    Siemens-Martin   . 

Recent  progress  with  a  view  to  more  rapid  heating  and  increasing  the  life 
of    the   furnace.  — Ch.    Walrand.  — E.  &  M.  Jour.,  June  29,  1S95,  p.  60G. 

FURNACE,   the   Down   Draught    . 

Its  direct  aid  in  smoke  abatement  when  used  in  overworked  boilers.  Il- 
lustrated.   William    H.    Bryan.— Gassier,  Vol.  S,  No.  6,  p.  572  (1895). 

GAINING   MACHINE. 

Single  head  automatic  gaining  machine  made  by  Defiance  Machine  Works. 
Illustrated.  —Am.  Mach.,  Feb.  7,  1895. 

GALVANIC  BATTERIES;  Maximum  Efficiency  of   . 

Investigation  showing  it  to  be  1  1-16  horse  power  for  one  hour.  Dr.  Henry 
Morton.  -Gassier,  Vol.   VIII,  No.  2   (1895),  p.  131. 

GALA'ANIZING. 

Relative  values  of  copper,  tin,  zinc  aiid  lead  bond,  and  special  comparison 
of  the  hot  immersion  process  and  the  Cowper-Coles  electro-chemical  bath 
for  large  pieces,  such  as  bridge  members,  roof  and  other  structural  work. 
M.  P.  Wood,  for  Am.   Soc.  Mech.   Engs.  Sci.  Am.  Sup.,  Jan.  19,  1895. 

GALVANIZING,  Recent  Improvements  in  . 

The  zinc  and  lead  prcesses.  with  especial  explanation  of  meth  ods  and  su- 
periority of  the  Cowper-Coles  galvanizing  process.  An  illustrated  serial.  — 
Lon.   Engineer,  June  7,  1895,  p.  494,  et  seq. 

GARBAGE  Disposal. 

The  use  of  garbage  for  steam  raising  for  electric  lighting  advocated  both 
for  disposal  of  the  garbage  and  for  economy  of  fuel.  T.  W.  Baker.  —Gas- 
sier, March.   1895. 

G.VRBAOE    Disposal. 

Itn  utilization  for  generating  steam,  as  applied  in  seme  English  towns.  — 
Trans.   Soc.  of  Engineers,   1894,  p.  183. 

GAIlllAGE    Disposal    . 

The  works  of  Philadelphia,  Wilmington,  Del.;  Atlanta,  Pittsburg,  Allegheny, 
Cincinnati  and  St.  Louis.  Practical  working  of  the  different  processes 
used.    Illustrated.  — Munic  &  Co.,   October,   1895. 

GARBAGE  Utilisation. 

The  Arnold  system  as  applied  in  Boston.    Description   of   the  20-ton    plant, 
processes   and    results.    Illustrated.  — Eng.  News.,  March  28,  1895. 
GASES,   Adialtatic   Expansion   of   . 

Description  of  a  rather  simple  method  of  drawing  the  adiabatic  curve  for 
air.  — Amer.    jMaeh..    June    13,    1895. 

GAS    anil    Oil   En^rines. 

See    OIL   ENGINES. 
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GAS  AND  OIL,  ENGINES  for  \V  ater  AVorks. 

Their  advantage  in  certain  small  works,  or  as  auxiliary  engines  and  other- 
wise. Their  use  at  Carlsrhue,  Leer,  Truen,  Gottingen,  Meissen,  Munster, 
Rothenberg  and  other  German  cit  iee.  Illustrtated.  — Eng.  Rec,  June  1, 
1S9.5,  p.  4. 

GAS.  Cost  and  Price   of    . 

Details  of  extended  investigation  for  Des  Moines,  Iowa,  resulting  in  fixing 
the  price  of  illuminating  gas  of  2-1-candle  power  at  $1.40;  of  fuel  gas  of 
80  per  cent,  heat  energy  at  $1.10  per  1000,  and  of  street  lamps  at  $17 
each  per  year.  —Municipality   and   County,   May,  1895,  p.   186. 

GAS  ENGINE. 

See  ENGINK,   MOTOR, 

GAS  ENGINE  as  Motor  for  Water  AVnrk.s. 

An  article  by  Max  Munzel,  describing  various  watei'  works  where  the  gas 
engine  is  used  as  motor.  It  is  well  illustrated  and  is  very  interesting,  giv- 
ing   much    new    material.  —Jour.     f.  Gasb.  u.  Wasserv..  Jan.  12,  1895,  et  seq. 

GAS-ENGINE    for    the    Proimlsioii    of    Ships. 

The  use  of  a  40  H.  P.  "Simplex"  gas  engine  for  the  motion  of  the  propeller 
of  a  ship.  The  article  is  illustrated  and  it  gives  the  results  of  tests  which 
seem  to  promise  a  good  deal  for  the  future.  — Pr.  Msch.  Cnstr.,  March  28, 
1895. 

GAS  ENGINE  in  Practical  Life. 

A  series  of  articles,  by  G.  Lieckfcld,  in  which  a  great  many  practical  points 
for  the  successful  running  of  a  gas  engine  are  given.  — Jour.  F.  Gasb.  U. 
Wasserv.,  June  1,  18!)."i,  et  seq. 

GAS  ENGINE  Provided  With  Valve   Gear  Moved  by  Eccentric. 

An  illustrated  article  giving  detailed  information  of  this  new  motor  manu- 
factured by  B.  Stein  in  Berlin.  The  details,  are  quite  interesting.  — Pr. 
Msch.   Canstr.,  Jan.   '.i,   1S9.">,  et  seq. 

GAS   ENGINE,    Status   of    . 

Its  availability  and  advantages  under  certain  conditions;  its  probable  fu- 
ture.     By   Mr.    Reeve.      With   discussion.  — R.    R.  Gaz.,  April   19,   1S95. 

GAS   ENGINE,  The   Charon. 

An  engine  of  1.25  H.  P.  of  this  type  is  described  in  this  article,  and  excel- 
lent detail  drawings  accompany  the  same.  — Pr.  Msch.  Cnstr.,   April  11,  1895. 

GAS  ENGINE,  The  Port  W^ayne   . 

Illustrated.  —Power,    Dec,   1894. 

GAS  ENGINES. 

Discussion  of  .     By  the  American    Soc    of   Mech.   Engrs.  —Power,    May, 

1895,    p.    4. 

GAS  ENGINES  and  Petroleum  Engrines. 

A  thorough  article  by  A.  Freitag,  describing  and  fully  illustrating  a  large 
number  of  new  Glomon  Gas  and  Petroleum  engines.  — Ztsch.  Ver.  Ing.,  Jan. 
12,  1895,  et  seq. 

GAS-ENGINES    at    the    International    Exhibition  at  AntTrern,  1S04. 

A  well  illustrated  article  by  F.  Freytag,  describing  the  most  interesting 
gas  engines  exhibited  at  Antwerp.  The  article  also  contains  the  records 
of  tests  made  of  some  of  the  engines  described.  —Ztsch.  Ver.  Ing.,  April 
1.3,   et  seq. 

GAS   ENGINES  for  Driving  Electric    Dynamos. 

Their  satisfactory  use  at  Danbury,  Conn.  —Eng.  News,  May  23,  1895, 
p.   335. 

GAS  ENGINES  for  Water  Pumping. 

Their  use  in  Germany,  with  description  of  several  pumping  stations  using 
them.    Illustrated.  —Eng.    Rec.    March  30,  1.895. 

GAS  ENGINES  in  an  Electric  Central    Station. 

Their  application  in  Belfast,  with  general  details.  Illustrated.  — Elec. 
World,   May   18,  1895,  p.   581. 
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GAS    ENGIXKS,   Oil    E^iiKines    aiiU . 

See   OIL   ENGINES. 

GAS,  Explosive  Mixtures  <»f  Air  sinti    Coal . 

Results  of  experiments,  by  Frederick  Grover,  to  determine  the  effects  of  the 
products  of  combustion  on  the  explosion.  — Prac  Eng.,  Sept.  20,  1895,  et    seq. 

GAS:  HoatiuR-   Avitli   illiiiiiiiiatiiiK' . 

Its  practicability,  with  methods  and  details  of  use.  Illustrated.— Frederick 
Siemens.  —Eng.    Mag.    Vol.    ix.    No.  5,  p.  SCO  (1895). 

GAS,   Illniitiiiatiiis   . 

A  new made  of  coal  dust  and  lime  and  having  fifteen  times  the  Illumi- 
nating power  of  ordinary  gas.  — Eng.  Mech.,  March,  1895. 

GAS.  Illnminatingr  . 

The  manufacture.  In  the  electric  furnace,  of  carbide  of  calcium,  from  which 
acetylene  is  easily  derived,  giving  the  most  powerful  illuminating  gas  at  a 
cost  of  about  ifl.50  per  thousand  feet.  — Elec.  Rev.,   Feb.  15,   1895. 

GAS  METERS,  Automatic   . 

An  article  by  H.  Homann  on  the  various  automatic  gas  meters  which  in  late 
years  have  come  into  such  general  use  In  Great  Britain.  The  article  is 
well  illustrated  and  shows  a  large  variety  of  "nickel  in  the  slot"  machines. 
—Jour,   f  Gasb.   u.   Wasserv,   Feb.  2,  1895,  et  seq. 

GAS    Motor. 

See  MOTOR. 

GAS  MOTOR  for  Street   Railways. 

See   STREET   RAILWAYS. 

GAS  MOTORS.    Progress  in  the  Design  of  . 

Paper  by  J.  Korting  read  before  the  Engineering  Society  of  Hanover,  In 
which  the  above  subject  Is  treated  in  a  general  manner,  besides  giving  a 
few  illustrations  of  modern  practice.— Ztsch.  A^er  Ing.,  Aug.  31,  1895. 

GASHOLDER   Construction. 

Principles  involved  and  their  solution.  E.  L.  Pease.  With  discussion.  — 
Trans.  Soc.  of  Engineers,  1894,  p.  95 

GASOLENE  ENGINES;  Test  of   . 

A  report  of  E.  Meyer  of  some  very  interesting  tests  of  an  Otto  Gasolene 
engine,  with  special  reference  to  the  influence  of  the  percentage  of  gasolene 
in  the  mixture  on  the  time  of  ignition.— Ztsch.    Ver   Ing.,    Aug.    17,    1895,    et 

seq. 

GAS03IETERS.   The  Mortem    . 

Formulated  rules  according  to  which  the  new  large  gasometers  should  be 
resigned.  The  article  is  especially  interesting  with  reference  to  the  guid- 
ing in  vertical  direction  of  the  gasometer.  M.  Nieman.  —Jour.  f.  Gasb.  u. 
Wassorv.,  April  6,  1805,  et  seq. 

GAS   POAVER. 

Description  of  the  gas  propelled  barge  L'Idee,  with  reversing  propeller.  Il- 
lustrated. — Lon.   Engineer,   March    1,   1895. 

GAS   POAVER. 

Description  of  the  gas  propelled  barge  L'Idee,  with  reversing  propellor.  Il- 
lustrated. —Lon.    Engineer,    March    1,  1S95.     Sci.  Am.  Sup..  April  13,   1895. 

GAS;  Power  . 

The   Thwaites  method  and   plant  for  producing  power-gas  from   bituminous 
coal  without  trouble  from  the  hydrocarbons    choking    the    gas    pipes.    Illus- 
trated. —Lon.   Engineer,  July  5,   1895,  p.  3. 
GAS,  Some  Tests  AVitli  Fuel    . 

Description  of  tests  made  by  the  S.  Pacific  Co.,  at  Sacramento.  Cal.,  to- 
determine  the  comparative  efficiency  of  coal  and  fuel  gas.  Three  different 
kinds   of  coal   were  used.  — Amer.   Eng.   and  Ry.  Jour.,  July,   1895. 

GAS   STOVE.  The  Resenerative 

Article  by  F.  Siemens,  describing  the  well-known  system  of  the  author.  It 
is  well  Illustrated,  and  gives  many  good  hints,  especially  as  to  the  auto- 
matic  regulation  of  heat.  —.Jour.   f.   Gasb.   u.    Wasserv.,    Jan.   19,    1895. 
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GAS    WORKS:    The    «;isiyji..w . 

The  Dansholm  station— Kxtended  description  of  tile  plant  and  of  tiie  labor- 
saving  appliances  connected  with  it.  Illustrated  serial.— Lon.  Eng.,  July  26, 
1895,  p.   107,  et  seg. 

GAUGES,  Pressure   . 

The  construction  and  use  of  pressure  gauges;  by  C.  R.  L.  Lemkes,  London, 
Eng.  — Prac.  Engr.,  Dec.   7,   1894,  et  seq. 
GEARING 

for  the  reduction  of  speed,  by  Geo.  B.  Grant.  Illustrated.  —Am.  Mach., 
Sept.  19,   189.5,  p.   741. 

GENERATOR,   Slow   Si»e«Ml    . . 

General  Electric  Co.'s  slow  speed  four  pole  generator.  Illustrated.  —Power, 
Jan.,   1895. 

GEODETIC    SURVEYING,    Uase-Liiie    :tI(>:i.siir(Mneiit. 

The  use  of  steel  tapes  and  steel  and  brass  wires.  Translation  of  paper  by 
Edv.  Jaderin.  —Part  2  of  Report  of  Supt.  of  the  U.  S.  Coast  and  Geodetic 
Survey  fbr  1892-3,  pp.  125-1G4. 

GIRDERS.  Economiesil  Depth   of   . 

Diagram  for  its   determination,    constructed    by    Wm.    G.    Kirchoffer.  —Eng. 
News,   Sept.   12,   1895,   p.   166. 
GIRDERS.    Stiffeners    for    Plate   . 

Vertical  stiffeners  preferable  to  the  inclined  maintained  by  C  A.  P.  Turn- 
er. In  reply  Pnjf.  J.  B.  Johnson  explains  fully  the  theory  of  plate  girder 
stresses  showing  the  usual  advantage  of  inclined  stiffeners.  —Eng.  News, 
April  25,    1895. 

GOVERNORS;    Ceiitrifngal   . 

Lecture  by  M.  Talle  before  the  Eng.  Society  of  Cologne,  in  which  the  au- 
thor thoroughly  analyzes  the  various  kinds  of  centrifugal  governors.  The 
method  of  investigation  is  principally  a  graphical  one.— Ztsch.  Ver  Ing,  June 
22,  1895,  et  seq. 

GOVERNORS,   Shaft   . 

Apparatus  for  automatically  recording  the  action  of  shaft  governors.  - 
Am.  Mach.,  Dec.  5,  1895,  p.  '.NKI. 

GRAMOPHONE,  Teehnioal  Notes  on  Uie    . 

A  lecture  by  Emile  Berlinei-  before  the  Franklin  Institute.  —Jour.  Frank. 
Inst.,    Dec,   1S95,   p.   419. 

GRATES,  Oiiening's  in    of  Boilers. 

Deductions  as  to  the  ratio  area  of  openings  to  the  total  grate  area,  from 
a  test  made  on  a  boiler  using  grates  with  a  small  percentage  of  Openings, 
by  Fred  A.  Sheffler.  —Trans.   A.  S.  M.  E.,  Vol.  XV. 

GREASE   EXTRACTOR. 

Machme  for  extracting  grease  from  exhaust  steam.  Illustrated.  —Am. 
Mach.,  May  16,  1895,   p.   381. 

GRINDING   LATHE.   I'niversal    . 

Article   describing  a  machine  built  by  A.     Falkenau,     in    Philadelphia.      It 

gives  the  details  of  the  machines  in  excellent  illustrations.  — Pr.  Msch. 
Cnstr.,   Dec.  20,  1895. 

GRINDING  MACHINE. 

See  MACHINE. 

Harbor  Eleetrie  Uiglitin;^  at  NeTV  York  City. 

See    ELECTRIC    LIGHTING. 

HARBOR   IMPROVEMENT. 

Details  of  construction  of  a  large  tidal  basin  at  Rochefort.  Materials, 
methods  and  cost.  The  masonry  construction  was  extensive  and  excellent. 
Crahay  de  Franchimont.  Well  illustrated.— Annales  des  P.  &  C,  Vol.  7, 
No.  5,  pp.  459-602  (1895). 

HARBOR  IMPROVEMENT;  the  Otagro    Upper   . 

General  conditions  and  methods.  Illustrated.  G.  M.  Barr.— Proc.  Inst.  C. 
E.,  Vol.  CXXI,  p.  200  (189.5). 
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HARnOR  Improvement. 

Gray's  harbor,  Washington;  its  situation,  condition  and  suggested  method  of 
improving  the  bar  by  converging  jetties  built  of  brush  and  sheet  piling.  By 
Bolton  \V.  De  Courcy.    With  discussion.  —Trans.  A.  S.  C.  E.,  Dec.  189-t. 

HARIIOR  Improvement. 

See  DOCKS. 

HARBOR  IMPROVEMENT. 

See  DOCKS  and  DRY  DOCKS. 

HARIIOR    IMPROVEMEXT;    the    Ardrossan   . 

The  docks,  piers  and  basins  constructed,  and  general  methods  used.  R. 
Robertson.— Proc.   Inst.   C.  E.,   Vol.   CXX,  p.  289  (1895). 

HARIIOR    Improvement. 

The  plans  for  Seattle,  Washington,  with  two  maps.  — R.  R.  Gaz.,  March  29, 
1S95. 

HARIIOR   IMPROVEMENTS  nt  Havre,    France. 

proposed  works  here  and  in  the  estuary  of  the  River  Seine— With  maps.  — 
July  2G,   lS9o,  p.  79. 

HARIIOR  IMPROVEMENTS  at  Soutlui  iiipton,  Eng^Iand. 

The  recent  dock  improvements,  including  the  new  dry  dock  750  ft.  long,  87^4 
ft.  wide  and  311/2  ft.  deep    Well  illustrated.    Lon.   Eng.,  Aug.  9,   1805,  p.  169. 

HARIIOR  of  Batavia,  Java. 

The  artificial  harbor  formed  by  two  stone  piers,  each  more  than  one  mile 
in  length.     Illustrated.  —Lion.   Engineer.  Aug.  30,  1895,  p.  204. 

HEAT  ENCilNE. 

See  ENGINE. 

HEAT   LOSSES    in   Cylinder  AVall.s. 

See  CYLINDER  WALLS. 

HEAT,   Mechanical    Eqnivalent    of . 

Electric  apparatus  for  determining  the  mechanical  equivalent  of  heat. 
Paper  read  before  the  Physical  Society  by  W.  E.  Ayrton  and  H.  C.  Hay- 
croft.    Illustrated. 

HEATER,  i^eed  AVater  . 

Illustration  and  description  of  the  new  Wainwright  water-tube  feed-water 
heater  made  by  Taunton  Locomotive  Mfg.  Co.  — Elec.  Eng.,  Dec.  12,  1894. 

HEATERS,  Feedwater   . 

Rating  by  the  number  of  square  feet  of  heating  surface  adopted  by  heater 
manufacturers  at  the  New  York  meeting.  Jan.  26.  1895.  —St.  Ry.  Jour.. 
April,  1895. 

HEATING. 

See  ELECTRICITY,  ELECTRIC  HEATING,  ELECTRIC  STATION, 
STEAM, 

KEATING;    III  iiniinatinK    Gas    for . 

See  GAS. 

HEATING   of  Living:  Rooms. 

Description  of  the  various  methods,  with  advocacy  of  the  use  of  gas.  By 
W.   Hempel.  —Jour.   f.  Gasb  u.   Wasserv,  March  9,   1895. 

HEATING   SYSTEM   Test.s. 

Report  of  a  test  of  the  system  in  Engineering  Hall  of  the  University  of 
Illinois.  Prof.  L.  P.  Breckenrldge.  —University  of  Illinois  "Techno- 
graph,"   No.    9    (1895). 

HEATING  and  Ventilating. 

The  proportioning  of   the  ducts  for  .    Extensive     analytical     discussion, 

with  diagrams.     Ry   Carl   S.    Fogle,  Eng.  Rec,  Feb.   16,  1895. 

HEATING  and  Ventilating:. 

A  study  of  the  plants  in  the  Suffolk  County  Court  House,  and  the  Massa- 
chusetts State  House  in  Boston,  comparing  hot  water  and  steam  systems. 
Illustrated.  Percy  N.  Kenway.  —Jour.  Assn.  Eng.  Socs..  ^'ol.  XV,  No. 
4,   p.    158   (1895). 
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HEATING  AND  VE!VTIl,ATin!V.  Modern  Methods  in   . 

An  illustrated  article  by  H.  Fischer,  in  which  various  new  designs  in 
this  branch  of  engineering  are  described.  The  article  is  illustrated.  — 
Ztsch.  Vcr.  Ing.,  April  20,  1895. 

HEATING  AND  VEXTIIiATION  of  Tlioiitrcs. 

Article  by  Hermann  Fischer,  giving  rules  and  results  as  to  the  ventilation 
and  heating  of  theatres.  The  article  describes  in  detail  the  heating  and 
ventilation  of  a  new  theatre  at  Berlin,  giving  ample  illustration.  — Ztsch. 
Ver.  Ing.,  Dec.  22,  1S9-1. 

HEATING  AND  VENTILATION  of  the    National  HanU  of  Rome. 

Article  by  Emil  Hieke  fully  describing  this  thoroughly  modern  installation. 
Well   illustrated.  —Ztsch.   Ver.    Ing.,  Jan.  19,   1895. 

HEATING  AND   VENTILATION  of  the    New   Hospital    in    Stnttgart. 

Article  by  Curt  Randel,  fully  illustrated,  describing  the  remodelling  of  a 
defective  plant  into  a  thoroughly  modern  one.  —Ztsch.  Ver.  Ing.,  Dec.  29, 
1895. 

HEATING    AND    VENTILATION    of    the  I  nion  Depot  at  St.  Lonis. 

Detailed  description.  Illustrated  serial. —Eng.  Rec,  July  \?>.  1895,  p.  121, 
et  seq. 

HEATING  AND  VENTILATING  Tall  Ilnildings. 

Requirements,  difficulties  and  methods.  L.  Allen.  —Eng.  Mag.,  Vol.  IX,  No. 
3  (1895),  p.  47G. 

HIGHWAY  IMPROVEMENT. 

Legal,  administrative  and  technical  features  of  the  public  roads  Improve- 
ment of  Massachusetts,  popularly  considered.  Burton  H.  Allbee.  — Pav. 
and  Munic.  Eng.,  Jan.,  1895. 

HIGHWAYS,  Camden   County,  N.  J..   . 

Plans   and    specifications,    lllu.strated.  —Eng.   Rec,   June  22.   1895,  p.  61. 

HOIST. 

The   Harrington   Hoist.    Illustrated.  —Am.  Mach.,  Feb.  7,  1895. 

HOIST,  Electric  Mining-   hronght    ont   hy   General   Electric   Company. 

Illustrated.  —Power,   Dec,  1894. 

HOLLAND,  How  It  W^as  Made. 

History  and  general  account  of  methods  of  the  reclamation  of  this 
country  from  the  sea.  Interesting  resume,  with  maps  and  cuts.  Foster 
Crowell.  —Eng.    Mag.,    Vol.    IX,    No.  2,   p.  204  (1895). 

HOLLOW  RINGS,  Strength  of   . 

Article  by  O.  C.  Reymann,  in  which  practical  formulas  for  computing  the 
necessary  thickness  to  withstand  internal  pressure  are  reduced.  —Ztsch. 
Ver.  Ing.,  Jan.  19.  1895,   et  seq. 

HYDRAULIC    Caisson    Foundations. 

See   FOUNDATIONS. 

HYDRAULIC  PRESS  for  Boiler  Plates. 

An  article  describing  and  illustrating  a  new  hydraulic  press  for  shaping 
boiler  plates.  — Prktsch  Msch.  Cnstr.,  April  25,   1895. 

HYDRAULIC  PUMP;  The  

Comparison  of  the  formulae  of  Weisbach,  Ruehlman,  Graeff,  Bido.ne, 
Breese,  Union  and  Merriman,  with  actual  experiment.  Illustrated.  — Robert 
Ferriday.  —Eng.    News,    July    11,    1895,  p.  28. 

HYDRAULIC  Transmission  of  Power. 

Artriele  by  P.  Moller,  describing,  discussing  and  illustrating  the  results  ob- 
tained by  the  Hydraulic  Power  Company  in  London.— Ztsch.  Ver  Ing.,  July 
6,  1895. 

ICE. 

See  TESTS, 

ILLUMINATION  hy  Inoandesceut   Gas    Burners. 

Director  Muchall,  of  Wiesbaden,  gives  in  this  instructive  article  the  results 
obtained  by  this  method  of  lighting  the  streets  of  Wiesbaden.  — Jour,  f  Gasb. 
u.  Wasserv.  March  2,  1895. 
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IliliUMINATIOIV,    Measuring   . 

Advantages  and  new  method  of  measuring  the  amount  of  illumination  in- 
stead of  the  intensity  of  the  light  itself.  By  Edwin  J.  Houston  and  A.  E. 
Kennelly.—  Elec.    World,    Mar.    9,   ISO.'i.     Elec.    Engr.    Mar.    0,    18!).=). 

ILLUMINATION.    The   Incaiirte.sfeiit    l-nmu   of  Aupi-  von   AVelsbacli. 

An  article  by  E.  Glinzer  describing  this  new  lamp,  but  especially  giving  the 
previous  work  in  that  line.    The  article  also  discusses  the  manner   of  manu- 
facture of  the  lamp.  —Jour.  P.  Gasb.  u  Wasserv.    May  11,   1895,   et  seq. 
IXCANDESCEXT  Lamp. 

Detailed  description  of  its  manufacture.  Fully  illustrated.  Johannes  H. 
Cuntz.  — Cassier,    Feb.,    1S95. 

IXCAXDESCEXT  LAMPS.  Tests  of   . 

Tests  and  description  of  measuring  instruments  to  determine  if  the  age- 
ing of  the  filiment  makes  it  uneconomical  before  its  life  limit  is  reached. 
Prof.   W.   E.    Ayrton   and   E.   A.   Mtdley.  —Elec.  Rev.,  May  3,  1895,  et  seq. 

I\CLI\E   R.\ILAVAY;  the  Monnt  Hamilton    . 

Equipment,  power  and  construction  of  this  cable  railway  at  Hamilton,  On- 
tario.   Illustrated.- St.    Ry.    Rev.,   Vol.  5,  No.  10,  p.  631  (1895). 

INDICATOR. 

Errors  in  reducing  motion.    Illustrated.  —Power,   Dec,   1804. 

INDICATOR   CARD  and   Its  AppHeatiou     to     Represent     Graphically     the 
Los.s  or  Gain  of  Heat  of  the  Steam. 

An  article  by  Prof.  C.  Brauer.  in  which  a  new  and  simplified  method  is 
shown  by  means  of  which  the  above  mentioned  loss  Or  gain  may  be  rep- 
resented graphically  in  connection  with  the  ordinary  indicator  card.  — Ztsch. 
Ver.   Ing.,  April  6,  1895. 

INDICATOR   REDUCING   MOTION. 

A  new  reducing  wheel  for  steam  engine  indicators,  brought  out  by  Hine  & 
Robertson,    New    York.    Illustrated.  —Power,    Mch.,    1895. 

INDICATOR,    Springes    of   the   . 

A  determination  of  the  constants  for  indicator  springs  that  have  been  cal- 
ibi-ated  cold,   by  R.   C.   Carpenter.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

INDICATOR,  Use    of  the   in   Dynaniometric   Testing-. 

Use  of  the  indicator  for  obtaining  conrinuous  records.  A  paper  by  Wm.  S. 
Aldrieh.  —Trans.    A.    S.   M.   E.,   Vol.  XV. 

INDICATORS,   Comparison   of  the   Resnits  Obtained   by  DiflEerent    . 

By  D.  S.  Jacobus.  —Trans.  A.  S.  M.  E..  Vol.   XV. 

INTAKE,  The  Milwanlcee  "Water  AVorUs    . 

Full  description  of  this  difficult  and  important  work,  recently  completed  in 
the  face  of  serious  impediments.  Consists  of  tunnel  3200  feet  long  at  shore 
end;  then  .5000  feet  of  submerged  pipe,  extending  to  an  intake  crib.  Illus- 
trated. — Eng.  News,  Sept.   10,   1895.  p.   187. 

INTAKE  PIPE.  AV'ooclen    . 

The  economical  construction  of  a  submerged  water-works  pipe  at  New 
Whatcom,    Washington.      Illustrated.  —Eng.    News,    May   23,   1895,   p.   343. 

INTAKE;  AVater  ^VorUs    . 

See   W.\TEK   WORKS. 

INTAKES,  Prevention  of  lee  at    . 

Methods  used  at  Chicago.  Milwaukee,  Cleveland,  Erie  and  Buffalo,  with 
conclusions   by   Edward    B.    Guthrie.  —Eng.   Rec,    April  27,   1895. 

INTEGRATORS;    Meehanieal    . 

The  Amsler  Planimeter  and  l^olar  Tractrix  discussed  by  Prof.  J.  B.  Webb. 
—Stevens'   Indicator,  Vol.   XTI.   No.  2,  p.  148  (1895). 

IRRIGATION. 

A  paper  by  A.  B.  Wyckoff  on  its  application  in  the  arid  regions  of  Westeriv 
America.  —Jour.  Frank.  Inst.,  Oct.,   1895,  p.   241. 
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IRON. 

"Does  iron  crystallize  by  vibration?"    by   H.    M.    Howe.  — Prac.    Engr.,    Jan. 

25,  1895. 

IRON. 

See  METALS,  PRESERVATION  OP  METALLIC  STRUCTURES,  RESIS- 
TANCE OF  MATERIALS,  RIVETS,  RUSTLESS  COATINGS,  TESTS, 
WROUGHT    IRON,     BUILDING    CONSTRUCTION. 

IRON,   Annealingf  of—,  Electric   • . 

As  applied   to   armor  plate.    By   Elihu  Thomson.  — Elec.  Engr.,   Mch.  6,  1895. 

IRON   Coiistruotitm. 

Work  on  Tremont  Temple,  Boston.  Mass.  General  plans  and  details  ol 
iron  work.  Well  illustrated.  C.  IT.  Blackall.  — Eng.  Rec,  Dec.  28,  1S95,  p. 
61. 

IRON:    Ingot . 

Weaknesses  generally  traceable  to  a  greater  percentage  of  impurities  than 
should  be  allowed.— Lon.  Engineer,  Oct.  4,  1895,  p.  330. 

IRON   Manufacture,    Historical    Revie^v  of  . 

Presidential  address  of  John  Fritz,  at  the  Bridgeport  meeting  of  the  Ameri- 
can Institute  of  Mining  Engineers.  —Am.  Eng.  &  R.  R.  Jour.,  Feb.,  1895. 

IRON  Pipe 

Tests,  specifications  and  treatment  of  a  large  quantity  of  lap-welded  pipe. 
—P.   S.  Hildreth.  —Eng.  News,   Mar.   21,    1S95. 

IRON  SMELTING,  Advances  in  Mortem    . 

Historical  review  of  the  blast  furnace  in  the  U.  S.,  showing  the  great  pro- 
gress made.  John  Birkenbine.  Illustrated.  —Eng.  Mag.,  Vol.  IX,  No  3  (1895), 
p.  483. 

IRON  AND  STEEL. 

See  METALS.  RESISTANCE  OF  MATERIALS,  ROLLED  BEAMS,  RT'ST- 
LESS    COATINGS,    SAND    BLAST. 

IRON  AND  STEEL;  Arsenic  in  . 

Determination  of  this  element  in  these  metals  and  in  iron  ores.  J.  E. 
Stead.  — E.    &   M.    Jour.,   June   29.   1S95,  p.   608. 

IRON  AND  STEEL;  Effects  of  Low  Temperature  on   . 

The  great  discrepancy  between  different  experiments.  Likelihood  that 
phosphorus  in  the  metal  causes  a  weakening  in  low  temperatures.  —Eng. 
Rec,  July  13,   1895,  p.   110. 

IRON  AND  STEEL;  Rustless  Coatings  for 

Composition  and  classification  of  paints,  their  adulteration,  destruction 
and  preservative  qualities.  Extensive  consideration  given  in  a  serial.  — 
Sci.    Am.    Sup..    June    29,    1895,    p.  16,2.-.0,   et  seq. 

IRON  AND  STEEL.  Rustless  Coatings    for   . 

Further  considered  by  :\1.  P.  Wood  in  regard  to  relative  value  under  differ- 
ent conditions.  E.^'tensive  and  important  abstract.— Eng.  News,  Jan.  31, 
1895. 

IRON    STRliCTlRES:    Painting . 

See  PAINTING. 

IRON,  Welrts  in   . 

Relative  strength  of  butt  welded,  V  welded,  lap  welded  and  unwelded  iron. 
Results  of  tests  made  at  the  shops  of  the  So.  Pacific  Ry.  —Prac.  Engr., 
Dec.  7,  1894. 

IRON   WORK. 

Preservative  coatings  discussed  by  A.  H.  Sabin  before  the  New  England 
Railroad  Club.  —Eng.   News,  Feb.  7,  1895. 

IRRIGATION  anrt  State  Bounrtaries. 

The  conflict  of  interests  occurring  where  irrigation  interests,  topograph- 
ically allied,  are  in  different  states.— Proposition  to  change  all  state  lines 
of  the  West  to  confirm  to  natural  boundaries.  Orren  M.  Donaldson.  — 
Irrigation  Age,   Feb.,  1895,   et  seq. 
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IRRIGATION  CANALS,  SiUiiiK    in    . 

See    SILTING. 

IRRIGATION  111  Egypt. 

The  ancient  system  of  works,  and  their  efficiency  and  extent,  contrasted 
with  modern  works  and  results.  The  status  Of  projected  improvements. 
Illustrated.    Cope    Whitehouse.     — Eng.   Mag.   Feb.,   1895. 

IRRIGATION  in  Hawaii. 

Artesian  wells,  streams,  springs  and  reservoirs  used  as  supply  for  irriga- 
ting the  sugar  and  other  plantations.  —Irrigation  Age,  Vol.  VIII,  No.  6 
p.   171   (18^5). 

IRRIGATION  in  Pern. 

Generally  favorable  conditions  existing  tOv  irrigation  on  the  Pacific  Coast 
of  Peru,  with  a  more  extended  description  of  existing  conditions  and  works 
of   the   different   districts.  — Lon.,  Eng.,  March  8,  1895,  et  seq. 

IRRIGATION   in  AVyoining. 

See    WATER   RIGHTS    IN    WYOMING. 

IRRIGATION,   Principles   of   . 

The  diverse  influences  of  the  civil  law  as  shown  in  Latin  countries  and  of 
the  common  law  as  shown  in  Anglo-Saxon  countries,  in  relation  to  water 
rights  and  their  effects  on  association,  enterprise  and  the  absolute  neces- 
sity of  control  in  the  interest  of  the  people  to  be  benefited.  Wm.  Ham. 
Hall.  —Irrigation   Age,   Nov.,    Dec,  1894,  et  sed. 

IRRIGATION  Sy.steni  of  the  Swan  Lake  Co.,  Itali. 

See  RESERVOIR. 

IRRIGATION;  tnderflow  a.s  Relatetl   to   . 

The  rate  of  underflow  depends  on  material,  slope  and  geological  features; 
Its  existence  unquestioned.  Its  utilization  will  make  possible  a  great  de- 
velopment of  arid  America.  H.  V.  Hinckley.— Eng.  Mag.,  Vol.  X,  No.  1, 
p.  84. 

IRRIGATION    AVorUs    of   Egypt. 

General  statement  of  development  on  this  line  since  the  British  occupation. 
Illustrated    serial.— Lon.    Engineer,   Sept.  20,   1895,  p.  275,  et  seq. 
JACK. 

A  roller-bearing  screw  jack,  made  by  Newark  Machine  Tt)ol  W  jrks.  Illus- 
trated. —Am.   Mach.,   Feb.  7,   1895. 

KNEE   LEVER,   Tlie   . 

Article  by  L.  Vianello,  in  which  is  given  an  exhaustive  treatment  of  this  im- 
:>ortant  kinematic  link.  Practicalformulas  for  the  computation  of  the 
dimensions  of  the  knee-lever  are   deduced.  — Ztsch    Ver.    Ing.,    Mar.   2,    1895. 

LABORATORIES;  Engineering   . 

An  article  by  A.  Martens,  in  which  the  introduction  of  engineering  labora- 
tories into  the  German  polytechnic  schools  is  advocated,  the  argument 
being  principally  on  the  experience  from  the  United  States.— Ztsch.  Ver 
Ing.,  Aug.  17,  1895. 

LAHORATORIES.  Engineering  . 

Sec  ENGINEERING  EDUCATION. 

LAKES,  Teiiineratnre  of   . 

Investigation  of  the  laws  of  change  for  different  depths  and  different  seasons. 
The  circulation  periods,  the  summer  stagnation  and  its  effects.  With  illus- 
trations and  discussion.  Desmond  Fitz  Gerald.  —Trans.  A.  S.  C.  E.,  Vol. 
XXXIV.   No.  2.   pp.  (;7-l]4  (1895). 

LANDSLIDE;     Stopping    a    . 

Method  u.sed  at  a  summit  tunnel  of  the  Southern  Paciflc  R.  R.,  consisting 
of  a  retaining  wall  to  support  the  earth  and  the  regulation  of  two  troub- 
lesome creeks.  Illustrated.  John  D.  Isaacs.- Jour.  Assn.  Eng.  Socs.,  Vol. 
XV,   No.  .3,  pp.   113-12:{  (189.-)). 

LATHE,  Turret  , 

Made  by  Alfred  Herbert,  Coventry,  England.  Illustrated.  —Am.  Mach., 
Dec.  27,  1894. 
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LAY  SCREWS.  }I<»l<liiiK   l'«»"«-r  of 

Results  of  tests  made  by  P.  Lobbon,  at  Pitchburg',  Mass.  —Am.  Mach., 
Dec.  5,   1895,  p.  964. 

LETTERING  for  Worl«iii«  nrawiiiKs. 

The  principles  of  making  clear  and  well-cut  free-hand  slanting  letters  and 
figures.  Illustrated.  Charles  W.  Reinhardt.  — Eng.  News.,  June  13,  1895,  p. 
381. 

LEVELING;  Long  Distance   . 

Method  of  reciprocal  sights  used  for  sights  up  to.  over  a  mile  in  length  at 
Galveston  Harbor.  Details  of  operations  and  results.  Discussion  of  error 
due  to  the  direction  of  the.  sun's  rays.  G.  Bagnall.— Proc.  Inst.  C.  E.,  Vol. 
CXXI,   pp.   152-169  (189.5). 

LIFT  BRIDGE,   Halsteatl  Street   ,    Chicago. 

See   BRIDGE,    LIFT- 
LIGHT   Electric   . 

See   ELECTRIC    LIGHTING. 

LIGHT    Electric   . 

See    Electric    Lighting    mps ,  by  R.    Kennedy.    Illustrated.  — Elec.    Engr., 

Dec.  5,  1894. 

LIGHT,  Distribution  of   from  arc    lamps. 

By   R.    Kennedy.    Illustrated.  —Elec.  Eng.,  Dec.  5,  1894. 

LOCK,  Sbip  Canal   . 

The  Canadian  lock  at  Sault  Ste  Marie.  Extended  description  of  this  great 
and  important  work,  now  completed.  Illustrated.  —Eng.  News,  Mar.  28, 
1895. 

LOCK,    The    Erie    Canal    Vertical    Lift   . 

Full  and  interesting  description  of  this  57  ft.  lift  lock,  to  be  built  at  Lock- 
port,    N.    Y.    With    extended    editorial  comment.  —Eng.  News,  April  IS,  1895. 

LOCK;  the  New  Sault  Ste.  Marie  . 

History  of  this  largest  canal  lock  in  the  world,  with  description  of  the 
various  structural  features  in  detail.  Length  800  ft.;  width  100  ft.;  depth  21 
ft.;  lift  18  ft.  Fully  illustrated  serial.— Eng.  News,  Sept.  26,  1895,  p.  194, 
et  seq. 

LOCKS;   Caissons  and  Gates  for  Doclis    and , 

Various  methods  of  construction.  General  discussion  '-»f  inerits.  W.  G. 
Wales.— Proc.  Inst.  C.  E.,  Vol.  CXXII,  p.  343  (1895). 

LOCOMOTIVE. 

Application  of  brakes  to   the  truck  wheels   of  .    Abstract  of   a   paper   by 

Gaetano  Lanza,  read  before  the  A.  S.  M.  E.  — Ry.  E.  &  M.,  Jan.,  1895. 

LOCOMOTIVE. 

Illustrated  article  describing  the  new  locomotive  for  Chicago,  Burlington 
and  Quincy  Railroad.  Specifications  are  given.  —Am.  Eng.  &  R.  R.  Joui., 
Dec.  12,  1895,  p.  579. 

LOCOMOTIVE    Boilers. 

See  BOILERS. 

LOCOMOTIVE    BOILERS. 

See  BOILERS. 

LOCOMOTIVE  Boilers. 

See   BOILERS,    LOCOMOTIVE- 
LOCOMOTIVE;    Compound   . 

The  article  describes  two  new  compound  engines  which  have  been  recently 
built  for  the  St.  Gothard  Ry.,  and  which  have  done  excellent  service. 
Ztsch.  Ver  Ing.,  June  29,  1893. 

LOCOMOTIVE,  Compound    . 

The  latest  engine  of  the  North-Eastern  Railway,  of  Great  Britain.  — Lon. 
Eng.,   July  .5,   1895,   p.   25.     R.   R.   Gaz.,  Aug.  23,  1895,  p.  .557. 
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LOCOMOTIVE,  <'oiiii»onii«l   . 

Description  of  the  new  compound  locomotive  for  tlie  St.  Gothard  Railroad, 
by  Edward  Sawvage.  — Amer.  Eng.  &  R.  R.  Jour.,  Sept.,  1895,  p.  419. 

LOCOMOTIVE,  Counter-Dalanciiig. 

A  paper  by  W.  F.  M.  Goss,  read  before  the  A.  S.  M.  E.,  Dec,  1894.  Gives 
results  of  experimenis  —A  n.  rc  i'?-.  &R.  R.  Jour.,  Jan.,  1895.  — Ry.  E.  & 
M.,  Jan.    1895. 

LOCOMOTIVE,  CoiinterbalanviuK    . 

Statement  of  present  condition  of  the  discussion,  with  abstracts  of  papers 
by  D.  L.  Barnes  and  Prof.  W.  F.  M.  Goss,  and  of  a  committee  report  to  the 
Southern  and  Southwestern  Railway  Club,  with  editorial  comment.  —Eng. 
News,  Jan.  10  and  17,  1895;  R.  R.  Gaz.,  Jan.  11,  1895. 

LOCOMOTIVE,  Connter-Balanciut;. 

The  Strong  compound  locomotive,  furnishing  the  only  perfect  counter- 
balancing among  present  designs.— George  S.  Morison.  — R.  R.  Gaz.,  Feb., 
22,  1895. 

LOCOMOTIVE  Cranes. 

See    CRANES.    LOCOMOTIVE- 
LOCOMOTIVE    Cylimler    Conden.satiou. 

See   CYLINDER  CONDENSATION. 

LOCOMOTIVE  Draft  Sheet. 

Forms  used  on  some  Southern  railroads,  and  their  effectiveness.  Illus- 
trated.  —Eng.    News,   Feb.  28,    1895. 

LOCOMOTIVE,    Economical    Efficiency  of  tlie   , 

Compared  with  efTieiency  of  stationary  and  marine  engines,  not  unfavorable 
to  locomotive.  The  water  consumption  and  its  most  favorable  conditions. 
Advantages  of  compounding  and  of  steam  distribution  with  multiple  valves. 
— Ry.   Eng.,  Jan.,   1895. 

LOCOMOTIVE,   Efficiency   of   tlie   Johnstone   Conipoan«l    . 

A  table  giving  results  of  the  performance  of  six  compound  and  seventeen 
simple  engines  on  the  Mexican  Central  Railway.  —Am.  Eng.  &  R.  R.  Jour., 
March,    1895. 

LOCOMOTIVE  Electric   . 

New  electric  locomotive  on  the  belt  line  of  the  Baltimore  and  Ohio  Railroad, 
built  by  the  General  Electric  Cimpany.  Illustrated.  —Safety  Valve,  Jan., 
1895. 

LOCOMOTIVE:   Heavy   Express . 

A  new  G2  ton  locomotive  for  the  Fitchburg  R.  R.  Illustrated.  — Eng.  News, 
Aug.  15,  1895,  p.  98. 

LOCOMOTIVE    Materials. 

Copy  of  the  standard  specifications  for  tests  of  the  Baldwin  Locomotive 
Works.  — Prac.  Eng.,  Oct.  25,  1895,  p.   .^34. 

LOCOMOTIVE;     Sinule-Driver    Express . 

Efficiency  of  this  engine  on  the  P.  &  R.  RR.  Illustrated.- R.  R.  Gaz.,  Aug. 
9,   1S95,   p.  98. 

LOCOMOTIVES. 

Diagrams  of  types  used  in  different  countries.  —Am.  Mach.,  Aug.  S,  1895. 
p.  622. 

LOCOMOTIVES. 

See  BOILERS,  CO.M.ING  STATION,  CRANES,  CYLINDER  WALLS. 
CYLINDER   CONDENSATION,    ELECTRIC  LOCOMOTIVES,   OIL,  STEAM. 

LOCOMOTIVES,  Couipoiinfl    . 

Their  efficiency  shown   to   be  from  perhaps  10  to  40  per  cent.     Serial   by  F. 
W.   Dean.  — Ry.   Eng..   Aug.,    1895,    p.  257,  et  seq. 
LOCOMOTIVES,    Coniponnd    Express . 

As  designed  for  the  St.  Gothard  Railway.  Fully  illustrated.  —Eng.  News. 
Sept.   12,   1895,    p.    lOr.. 
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LOCOMOTIVES.     DiiiM-nsioiis  of   lOxliit  iisi-1'ipeK    ami    Siiioku-Sdick.s. 

Results  of  an  investigation  to  determine  their  best  dimensions.  Inspector 
Troske.  —Am.    Eng:.    &   R.    R.    Jour.,  N'ov.,  1805,  p.   541. 

LOCOHIOTIVES,    E^nj^lish    . 

Tiieir  development,  with  especial  deseri^ition  of  the  new  8-ft.  driving 
wheel  locomotives  of  the  Great  Northern  Railroad.  — Lon.  Engineer,  Mar. 
1,  1895. 

I.GCOMOTIVES;   E.xitress    . 

Condensation  of  the  report  of  John  A.  F.  Aspinall  to  the  International 
Railroad    Congress.  — R.    R.    Gaz.,    July  12,   1895,  p.  460. 

LOCOMOTIVES,   Express   . 

Condensation  of  the  report  of  Joiin  A.  F.  Aspinwall  to  the  International 
Railroad  Congress. —R.  R.  Gaz.,  July  12,  1895,  p.  460.  Eng.  News.  Sept. 
12,   IS!).-.,  p.   170. 

LOCOMOTIVES;  Express   , 

Type  of  engine  most  suitable  for  high  speeds,  the  use  of  high  pressure  and 
application  of  the  compound  principle,  and  other  important  data  collated 
and  discussed.  With  diagrams.  Join  A.  F.  Aspinall.  Serial. —Lon.  Engi- 
neer, Juna   14,   1895,   p.  504,    et   seq. 

LOCOMOTIVES,  Pour  C.vlinrter  Coiiiponiid  Freight   . 

Comparison  of  two  American  and  French  locomotives,  with  details.  Illus- 
trated. —Eng.  News,   June  1.3,   1895,  p.  387. 

LOCOMOTIVES   in    Emerseney   Stops. 

Tests  on  the  N.  C.  &  St.  L.  R.  R.  showing  that  the  locomotive  should  not 
be  reversed  when  brakes  'are  applied;  with  other  tests  and  deductions.  — 
Eng.   News.   July  18,   1895,   p.  .SO. 

LOCOMOTIVES   in   India. 

New  locomotives  for  the  East  Indian  Railway.  Description  and  details. 
Illustrated.  — Ind.   Eng.,  Jan.   5  and  12,  189.5. 

LOCOMOTIVES;  New   Types   of  English  . 

Improved  designs  introduced  by  various  companies— The  truck  becoming 
more  in  vogue.  —Eng.  News.,  Aug.  8,  1895,  p.  93. 

LOCOMOTIVES.    Standard    Specilioat  i«nis   lor  Tnbes   for   . 

Report  of  the  committee  of  the  American  Master  Mechanics'  Association.  — 
Prac.   Engr.,  July  26,  1895.    Mast.  Mech..   July,   1895. 

LUBRICANTS. 

Their  kinds,  relative  advantages,  special  applications  and  efficiencies.  The 
different  quality  tests  and  their  varying  approximations  toward  indications 
of  quality.    Chas.   M.   Everest.  — Cassler,  Jan.,  1895. 

LL'BRICAXTS,   and   Lnbrioation. 

An  article  discussing  the  compositions  of  oils  and  their  effects  upon  metals. 
—Prac.   Engr.,   June  7,   1895.   et  seq. 

MACADAM,   Co.<»t   of  Maintaining   . 

The  cost  in  Berlin,  Prussia,  given  in  considerable  detail,  averages  19.8 
cents  per  yard  per  year;  while  wood  and  asphalt  average  16.05  cents  and 
10  cents  respectively.  — Pav.  &  Munic.   Eng.   Feb.,  1895. 

MACADAMIZED    ROADS.   MaintenaJice  of . 

Methods  of  machine  work,  as  practiced  in  Scotland.  — Prac.  Inst..  C.  E.,  Vol 
122,  p.  215  (1895);  abstract,  Eng.  Rec,  Nov.  9,  1895,  p.  422. 

MACHINE. 

See  MILLING  MACHINE, 

MACHINE.   Cutter   Grinding    , 

Brought  out  by  Foofe.  Barker  &  Co.,  Cleveland,  O.  Illustrated.  —Am.  Mach., 
Dec.  20,  1894. 

MACHINE  DESIGN. 

See    DESIGN,    ENGINEERING   EDTTCATION. 
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MACHINE.  IJesiBii  of 

The  factor  of  safety  in  machine  design.  By  Wm.  Kent.  —Am.  Mach.,  Dec. 
20,  1894. 

MACIIIXK    DKSIG\.    Teaoliiiis    . 

See  ENGINEERING  EDUCATION. 

MACHINE.   Faoins 

For   boiler  manholes.     Illustrated.  — Am.  :Mach.,  Jan.  24,   1S95. 

MACHINE.   Griiuling    . 

Landis   Bros.'   improved  universal.    Illustrated.  —Am.    Mach.,   Jan.   31,   1895. 

MACHINE.   Grinding;   . 

Universal,  built  by  Alfred  Herbert,  Coventry,  England.  Illustrated.  —Am. 
Mach.,  Jan.  10,  1895. 

MACHINE.   Grinaing: 

Universal,  built  by  Alfred  Herbert,  Coventrj-,  England.  —Mach.,  Jan.  31, 
1895. 

MACHINE.  Key-seatins-   . 

Mitts  i&  Merrill's  improved  Giant  Keyseater.  Illustrated.  —Am.  Mach.,  Jan. 
10,  1895. 

MACHINE.    Milling:   . 

An  English  vertical  milling  machine.  Illustrated.  —Am.  ]Mach.,  Dec.  13,  1894. 

3IACHINE.    Milling-   . 

Attachments   for    universal .    By  W.   E.  Willis.    Illustrated.  —Am.   Mach., 

Dec.  27,  1894. 

MACHINE.   Sliaping    . 

21  inch  pillar  shaping  machine,  made  by  the  Lodge  &  Davis  Co.  Illustrated. 
—Am.   Mach.,  Jan.  24,  1895. 

MACHINE.   Shaping   ■ . 

32-inch  shaping  machine,  made  by  Gould  &  Eberhart.  Illustrated.  —Am. 
Mach.,  Dec.  27,  1894. 

MACHINE   SHOP   POWER. 

U.=e  of  the  electric  motor  for  driving  machine  tools,  by  Geo.  Richmond. 
Paper   read  before  the  Am.    Soc.   ofMech.    Engrs.  —Power,    Mar.       1895. 

MACHINE  TOOLS  Provided  AVitli  Electrical  Motor, 

Manufactured  by  the  Oerlikon  Machinery  Co.  By  Wiest-Kunz.  Illustrated. 
Ztsch.  Ver.  Ing.,  Dec.  20,  1895. 

MACHINE  TOOLS;  Some  Recent   . 

Examples  of  multiple  drilling,  boring  and  milling  machines  and  planing 
machines  and  their  application.  Well  illustrated.  George  L.  Clark.  -Gas- 
sier, Vol.  VIII,   No.  2  (1895),  p.   113. 

MACHINERY    of   AVarsbips. 

Exhaustive  and  valuable  paper  by  Albert  John  Durston,  engineer-in-chief 
of  the  Royal  Navy,  Great  Britain.  Illustrated.  With  general  discussion.  — 
Proc.   Inst.,   C.   E.  Vol.   119. 

MAGNETIC  DECLINATION  in   Alaska. 

Its  distribution  as  worked  out  from  new  and  eld  data  by  C.  A.  Schott. 
Methods  and  results.  With  chart.  —Bulletin  No.  34,  U.  S.  C.  &  G.  Survey 
(1895). 

MARINE  ENGINES. 

Sec  ENGINES. 
MARINE    ENGINEERING.     New    Ships    in   the   German   Navy. 

Several  new  ships  which  have  been  added  to  the  German  Navy  in  the  last 
two   years.    Illustrated.    C.    Busley.  —Ztsch.  Ver.  Ing.,  May  4,  1895,  et  seq. 

MASONRY. 

See    CEMENT,     CONCRETE,     DAM,    RESERVOIRS.    TUNNEL,    WALLS. 

MASONRY  in  Ancient  India. 

The  massiveness  of  the  most  ancient,  and  details  of  this  and  less  ancient 
masonry  and    brick.  — Tnd.    Engng.,   May  4,  1895,  p.  281. 
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MASONRY   of   Reservoirs. 

See  RESERVOIRS. 

MASTER   CAR    BUILDERS    Conveutioii. . 

Proceedings  of  the  recent  convention,  including  reports  and  discussions  on 
road  and  laboratory  tests  of  brake  slioes,  lubricants,  air-brake  tests, 
hand-brake  and  air-brake  apparatus,  and  standards  and  recommended 
practice.— Proceedings  M.   C.    B.   Association,  1895 

MATHE3IATICS  in  Engineoriiifj  Schools. 

See  ENGINEERING  EDUCATION. 

MEASUREMENT  of  AVater. 

See    WATER. 

MECHANICALi  ENGINEERING. 

Lecture  at  Cornell  University  by  T.  Dunkin  Paret  on  Fundamental  Prin- 
ciples of  Business;  Their  Application  in  Practice.  — Sci.  Am.  Sup.,  Feb.  16, 
1895.  et  seq. 

MECHANICAL  ENGINEERING   Coustrnction. 

E'xperience  in  foundry  and  shopworli  practice  in  the  making  of  cast  iron, 
steel  castings  and  boilers  and  boiler  work.  —Tech.   Quart.,   Oct.,  1894. 

MECHANICAL.   ENGINEERS'   Convention. 

Proceedings  of  the  recent  meeting  at  Detroit,  Mich.  — Eng.  News,  July  4, 
1895,   p.   14;   R.   R.  Gaz..  July  5,    1895,  p.  441. 

MECHANICAL    ENGINEERS,    Etlnention   of   . 

Comprising  a  discussion  of  the  work  of  engineering  colleges  by  R.  H.  Thurs- 
ton, the  bearing  of  shop  practice  by  Charles  B.  Emery,  and  the  work  of 
manual  training  schools  by  A.  E.  Outerbridge,  Jr.  —Eng.  Mag.,  Vol.  X, 
No.  3,  pp.  418-4.38. 

MECHANICAL   LABORATORY  of  Pnr<lue    University. 

Illustrated. —Am.  Mach.,  Jan.  17,  1895.  ;' 

MEN.  Tlie  Handling-  of  . 

Lecture  at  the  Rensselaer  Polytechnic  Institute  by  Foster  Crowell.  —Eng. 
Rec,  Jan.  5,  1895,  et  seq. 

METAL  Mixer.s. 

Those  used  at  the  Northeastern  Steel  Co.,  England,  securing  a  more  uniform 
and  better  product.  With  drawing.  Arthur  Cooper.  — Lon.  Eng.,  May  24, 
1895,  p.  682. 

METAL  AYORKIXG.  The  Erhardt  Prooess   in   -^. 

The  method  and  machinery  used  for  making  tubes  of  all  kinds  by  com- 
pressing the  metal  into  matrices  by  mandrels  introduced.  Illustrated.  — U. 
S.  Consular  Reports,  Vol.  XLIX,  No.  183,  p.  434  (1895);  E.  &  M.  Jour.,  Nov. 
16,   1895,  p.  463. 

METALLURGISTS.  Lahoratory  Training    for   . 

The  necessity  for  practical  training.  The  laboratory  and  course  at  Massa- 
chusetts Institute  of  Technology  fully  illustrated  and  described.  Prof.  Rob- 
ert H.  Richards.  —Eng.  Mag.,  Jan.,  1895. 

METALS;  Strength  at  High  Temperature. 

Iron  and  steel  little  affected  by  working  temperatures  up  to  500  degrees  P.; 
but  others,  particularly  copper,  suffer  a  marked  decrease.  —Lon.  Eng.,  Aug. 
9,  1895,  p.  186. 

METER.  Alternating   Cnrrent   . 

Shallenberger's  new  alternating  current  meters  and  indicators  used  at  Ni- 
agara Falls.    Illustrated.  — Elec.   Eng.,  Jan.  2,  1895. 

METER.   Cnrrent   . 

See  CURRENT  METERS. 

METER.  Water  . 

Different  kinds  in  use  in  England;  their  construction  and  use.  —Lon.  Engi- 
neer, Jan.  4,  1895. 
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MILLING   MACHINE. 

Universal  milling  machine,  made  by  Ludw.  Loewe  &  Co.,  Berlin.  Illus- 
trated. — Prac.  Engr.,   Dec.  7,   1894. 

MILLING  MACHINE. 

See  MACHINE. 

MILLING    MACHINE,    Possibilities    of   the   . 

Its    extended    iield   advticated   on   the  ground   of   utility   and   economy.    Hor- 
ace L.  Arnold.  — Eng.  Mag.,  April,  IS'Jo. 
MINING. 

See  ELECTRICITY. 

MINING  by  Electricity. 

Application  of  electricity  to  various  mining  operations.  Abstract  of  paper 
read  by  G.  S.  Carlett  before  the  Northern  Soc.  of  Elect.  Engrs.  —Prac. 
Engr.,    Mch.    15,    1S95. 

MOISTtiiE,  Distribution  in  a   Steam    Tipe. 

Abstract  of  a  paper  by  D.  S.  Jacobus,  read  before  the  American  Society  of 
Mechanical  Engineers.     Prac.   Eng.,  Sept.  27,  1895. 

MORTAR. 

See    MASONRY,    CEMENT,    CONCRETE,   CEMENT  MORTAR. 

MORTAR,  Cement   . 

See    CEMENT    MORTAR. 

MORTAR,  Cement  . 

Results  of  testa  made,  by  A.'  S.  Cooper  to  determine  the  effects  of  differ- 
ent kinds  of  sand.  —Jour.  Frank.  Inst.,  Nov.,  1895,  p.  321. 

MORTARS.  Atlliesion  of  Cement   . 

Table  showing  the  strength  of  adhesion  of  different  qualities  of  cement  mor- 
tars to  different  kinds  of  bricks— smooth  pressed  bricks  giving  a  greater  ad- 
herence than  the  rough.    Experiments  by  M.  Felix  de  Walque.  Am.   Arch., 
Jan.  19,  1895. 
MOTIVE  POWER  and  Its  Selection. 

Intrinsic  and  comparative  values  of  steam  engines,  oil  engines,  windmills 
and  gas  engines,  and  their  special  adaptability  under  differing  circumstan- 
ces.   Charles  E.  Emery.  —Eng.  Mag..  Jan.,  1895. 

MOTOR,   Petroleum . 

The  Kane-Pennington  motor,  said  to  develop  a  horse  power  on  one-tenth  of 
a  gallon  of  common  kerosene  per  hour.  Illustrated.  —Am.  Mach.,  Nov.  7, 
1895,  p.  881. 

MOTOR,  Petrolenm    . 

Some  new  light  on  the  trial  of  the  Kane-Pennington  Motor.  —Am.  Mach., 
Dec.  12,  1S95,  p.  988. 

MOTOR,  Polypliase  and  Continuous    Current   Compared. 

By  Louis  Bell,  Ph.  D.  —Power,  Dec,    1894. 

MOTOR;  The  Daimler  Gas  and  Petroleum . 

Details  of  the  engine  and  its  applications,  designed  for  use  for  small  and 
medium      powers.    Illustrated.  — Sci.Am.  Sup.,  Aug.  17,  1895,  p.  163G2. 

MOTORS. 

See     ELECTRICITY,     ELECTRIC    MOTORS,        PETROLEUM        MOTORS, 
STREET   CARS,    STREET    RAILWAY. 
NAILS;  Weatlierins   of   . 

The  formation  of  hydrated  oxide  of  iron  when  the  nail  is  exposed  to  mois- 
ture, which  is  destructive  both  to  the  nail  and  surrounding  wood.  Recom- 
mendation of  galvanized  nails  for  exposed  work.  Samuel  Cabot.  —Am. 
Arch.,  June  29.  1895,  p.  134. 

NAVIGATION;    Inland . 

The  improved  rivers  and  the  canals  of  Germany.— With  map  and  Illustra- 
tions. — Lon.  Engineer,  Aug.  2,   1S95,  p.  101. 

NIAGARA   Power  Plant. 

See    ELECTRIC    POWER    PLANT. 
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OIL   EXGINFS. 

See  ENGINES. 

OIL,  I]:]VGINE:S  una  Gas  Kiig:iiics. 

Some  of  the  latest  forms  and  their  field.  Illustrated.  — Gassier.  Vol.  VIII. 
No.  5,  p.  481. 

OIL  ENGINES,  Gas  and  . 

Present  status  and  prospects.  Discussion  by  American  Society  of  Mechan- 
ical   Engineers.  — Eng-.    News.,    April  18.   1895. 

OIL  for  Locomotive  Fuel. 

Its  us.i  on  the  Los  Angeles  Terminal  Railway  in  California,  with  a  saving 
of  over  40  per  cent,  in  cost  of  fuel.  Details  of  use.  Illustrated.  George  E. 
Leighton.  — R.  R.  Gaz.,  April  5,  1895. 

PAVING  HRICK  and   Server  Pipe   Manufaetnre. 

Requirements  in  physical  and  chemical  properties  of  the  material  and  in 
methods  of  making,  — Pav.  &  Munic.  Eng.,  Vol.   IX,  Nti.  5,  p.  280  (1895). 

PADDLE  AVHEELS. 

Graphic  analysis  of  ,  with  fixed  and   with   feathering  floats.    Illustrated. 

—Am.    Mach.     Feb.   14,   1895. 

PAINT  for  Railroad  Bridges. 

See  BRIDGES. 

PAINTING  Iron  Structures  Exposed   to  tlie  AVeatlier. 

Discussion  of  the  results  of  the  examination  of  ironwork  after  having  been 
painted  with  different  kinds  of  paint  and  exposed,  with  better  results  shown 
for  iron  oxide  paints.  E.  Gerger.  With  discussion  both  for  and  against  this 
conclusion.  —Trans.  A.  S.   C.  E.    Vol.  xxxiii.  No.  G,  pp.  485-586  (1895). 

PAINTING  Machinery. 

Simple  mechanical  sprayers  and  their  mode  of  operation.  Illustrated.  — Lon. 
Engineer,  May  3,   1895,  p.  385.    Sci.  Am.  Sup.,  June  15,  1895,  p.  16,219. 

PAINTS. 

See  BRIDGES,  IRON  AND  STEEL,  IRON  WORK,  PRESERVATION  OP 
METALLIC     STRUCTURES.     RUSTLESS  COATINGS. 

PAINTS  for  Metal   Structures. 

Comparative  merit  of  iron  oxide  and  lead  paints.  Correspondence  between 
Ralph  K.  Wing  and  E.  Gerber.  —Eng.  News,  May  30,  1895,  p.  355. 

PAMPHLET  Filing. 

Method  used  and  recommended  by  William  H.  Bryan.  Illustrated.  —Jour. 
Assn.   Eng.    Sties.,   Vol.   XV,   No.  5,  p.   182  (1895). 

PARKS,  Making  and  Paying  for  . 

Methods  of  assessment  of  the  cost  of  parks  in  fifty  American  cities.  — 
Muncipality    and    County,    Mar.,    1895. 

PATENT  Laws. 

Discussion  of  their  abolishment  or  modification.  Ways  of  improvement  sug- 
gested—John Richards.  —Jour.  Assn.  Eng.  Socs.    Vol.  xiv,  No.  6,  p.  474  (1895). 

PAVEMENT. 

See  MACADAM,    ASPHALT  and  PAVING. 

PAVEMENT.  Asplialt   . 

See  ASPHALT. 

PAVEMENT,    Assessment    of    Cost    of . 

The  practice  of  27  American  cities.  —Pav.  &  Munic.  Eng.,  April,  1895. 

PAVEMENT,  Repairing  Asphalt   . 

The  Perkins  surface  heater  as  use  to  secure  a  better  bonding  and  superior 
workmanship.    Illustrated.  —Eng.  News,  April  4,  1895. 

PAVEMENT.   Portland  Cement   . 

Its  growing  use  and  method  of  laying,  as  illustrated  at  Bellefontaine,  Ohio. 
G.  W.  Bartholomew,  Jr.  —Eng.  News,  Jan.  3,  1895. 
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PAVEMENTS. 

General  considerations  and  different  kinds,  with  some  details  of  construc- 
tion and  cost.  — Eng.    Mag.,   Mar.   1S95. 

PAVEMENTS. 

See    ASPHAI.T,    MACADAM,    MACADAMIZED    ROADS,    PAVING. 

PAVEMENTS,  Brick  and  Granite   . 

Thair  laying  and  use  in  the  city  of  Troy,  N.  Y.  Illustrated.  — Eng.  Rec, 
June  8,  1S95,  p.  28, 

PAVEMENTS  of  Cleveland,  Oliio. 

Comparison  with  those  of  other  cities,  with  especial  discussion  of  founda- 
tions. By  James  Richie.  With  discussion.  —Jour.  Assn.  Eng.  Socs.,  March, 
1895. 

PAVEMENTS;  Vitrified  Brick  . 

Its  use  and  advantages.  Table  of  cost  Of  construction  in  65  American 
cities.    W.    P.   Judson.  — Pav.   &   Munic.  Eng.,  A^ol.  VIII,  No.  6  (1895),  p.  292. 

PAVING. 

See  ASPHALT,  MACADAM,  MACADAMIZED  ROADS,  PAVEMENTS, 
PAVING  BRICK. 

PAVING  Brick. 

A  collection  of  articles  by  different  authors,  discussing  the  characteristics 
of  a  good  paving  brick  and  different  kinds  and  qualities  of  material  and 
their   effects.  — Pav.    and    Munic.    Eng.,   Mar.,  1895. 

PAVING  BRICK. 

See    PAVEMENTS,    PAVING. 

PAVING,  Brick   . 

Preparation  of  roadbed,  laying  foundation,  and  placing  of  the  brick.  M. 
Nicholson.  —Pav.    &    Munic.    Eng.,   Vol.  IX,  No.  6,  p.  331  (1895). 

PAVING  BRICK,  Testing   . 

Progress  report  of  the  committee  of  N.  B.  M.  A.,  giving  results  of  inves- 
tigations. Prof.  Edward  Orton,  Jr. —Clay  W.,  Vol.  XXIV,  No.  6,  p.  558 
(1895). 

PAVING  BRICK. 

Tables  of  tests  made  by  James  W.  Reed,  with  discussion.  Also  the  use  of 
paving  brick  in  Ontario  considered.  — Pav.  and  Munic.  Eng.,  April,  1895. 

PAVING  BRICK;  Clays  for  . 

The  qualities  of  a  suitable  clay,  and  essential  details  In  the  process  of 
manufacture.  W.  W.  Wallace.  Jr.  Pav.  &  Munic.  Eng.,  Vol.  IX,  No.  1, 
p.  26  (1895). 

PAVING  BRICK;  How  to  Make  a   Good   . 

The  clay,  setting  and  burning,  methods  of  preparing  the  clay,  and  methods 
of  making.    George  W.   Kummer.  —Brick   (Chicago,    111.),   June,   1895,   p.   382. 

PAVING  BRICK,  Its  Material.  Manufacture  and  Use. 

Extensive  article  concerning  all  material  points  to  be  considered  In  this  Im- 
portant  and   growing   industry.    Daniel   W.    Mead.  —Clay,   January,    1895,    et 
seq. 
PAVING   BRICK    Mnniifacture. 

The  clays,  burning  kilns  and  methods  of  Central  Iowa.  L.  Balliet.  — E.  and 
M.   Jour.,   Sept.   14,   1895. 

PAVING    BRICK   Requirements. 

Structural  qualifications  required,  and  proposed  specifications.  Daniel  W. 
Mead.  With  discussion  at  National  Brick  Manufacturers'  Association.  Also 
tests   discussed   by   Edward   Orton,  Jr.  —Clay  W.,  February,  1895. 

PAVING    BRICK,    Slinle   . 

Their  toughening  by  an  annealing  process  in  burning.  William  S.  Wil- 
liams. —Clay  W.,   February,   1895. 

PAVING  BRICK,  Standard  Tests  of . 

Contribution  of  Prof.  J.  B.  Johnson  to  aid  in  uniting  on  a  uniform  method 
of  testing.    Methods  long  used  by  him  in  preparation  of  the  specimens  and 
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in  making-  the  four  essential  tests,  viz.— crushing  test,  cross-brealcing  test, 
abrasion  test  and  absorption  test,  with  a  method  of  determining  the  best 
average  test.  — Eng.  News,  April  IS,  1895. 

PAVING    BRICK    Te.sts. 

Differences  in  specifications  of  methods  used,  with  plea  for  uniformity. 
W.  G.  Wilkins.— Pav.  &  Munic.  Eng.,  Vol.  IX,  No.  4,  p.  198. 

PAVING  BRICK  Tests. 

Results  of  tests  of  45  Ohio  varieties,  with  particulars.  —Clay  W.,  Vol. 
XXIII,   No.   G,  p.  G92   (1895). 

PAVING   BRICK    Tests. 

Results  of  three  tests,  with  discussion.  —Eng.  News,  April  18,  1895. 

PAVING  BRICK  Tests. 

Suggestion  that  the  main  test  be  that  the  modulus  of  rupture  shall  not  be 
less  than  a  quantity  expressed  as  a  function  of  the  loss  of  weight  in  the 
Impact   test.  —Pav.    and    Munic.    Eng.,  Vol.  IX,  No.  3,  p.  133. 

PAVING  BRICK  Tests. 

The  field  examination  and  tests  of  density,  hardness,  abrasion  and  absorp- 
tion as  suggested  by  H.  A.  Wheeler.— Clay  W.,  Vol.  XXIV,  No.  2,  p.  136 
(1895). 

PAVING  BRICK;  Wear  of  . 

Examination   of  such  pavements   at  Johnstown,    Pa.,    showing   very   slight 
wear.    Details,    with    tables.  —Eng.  News,  July  18,  1895,  p.  39. 
PAVING,  Cost  of  . 

Stone,  brick,  asphalt,  wood  and  macadam  in  eight  American  cities,  and  the 
cost  of  construction  of  each.  — Pav.  &  Munic.  Eng.,   Feb.,   1895. 

PETROLEUM  ENGINES. 

See  GAS  ENGINES. 

PETROLEUM  MOTORS,  Tests  of   . 

A  long  series  of  tests  of  a  large  number  of  motors  conducted  by  the  author; 
well  illustrated.  Prof.  W.  Hartmann.  — Ztsch.  Ver.  Ing.,  March  23,  1895,  et 
seq. 

PHOTO  TOPOGRAPHY  in  Surveying. 

See    SURVEYING. 

PHOTOGRAPHS.  Electric  Transmission  of  . 

Transmitting,  recording  and  seeing  pictures  by  electricity,  by  George  R. 
Carey.      Illustrated.  — Elec.    Eng.,    Jan.   16,   1895. 

PIER,  Tlie  Blankenberglie  ,  Belgium. 

Plans  and  details  of  this  new  work.  It  extends  1148  feet  into  the  sea, 
and  the  platform  rests  on  screw  piles  braced  together  in  groups.  Illus- 
trated. — Lon.   Engineer,   Mar.   15,    1895. 

PILES;   the  Resistance   of  . 

General  principles,  by  Henry  F.  Perley,  with  discussion,  containing  de- 
scription of  a  boring  machine  for  excavating  a  hole  for  the  pile,  in- 
creasing the  speed  of  work  and  its  character.— Trans.  Can.  Soc.  C.  E., 
Vol.  VIII,  No.  2,  p.  273  (1894). 

PINE,   Oregon   ,  Transverse  Strength  of  . 

See    TIMBER    TESTS. 

PINION  SHAFT,  A  Broken   . 

Notes  concerning  its  failure   from  constantly     recurring      shocks.    Onward 
Bates.  —Jour.    Assn.   Eng.   Socs.,   March,  1895. 
PIPE.  Covering  for  Steam  

Experiments    on    ,    by    T^ouis    Schmidt.  —Power,   Dec,   1894. 

PIPE   COVERINGS,   Non-Conrtncting   . 

Tests  showing  the  efficiency  of  asbestos  sponge,  asbestos  fire  felt,  magne- 
sia, asbestos  cement  filling,  asbestos  sponge  cement  filling  and  fossil  meal. 
John  A.   Laird.  —Jour.   Assn.   Eng.  Socs.,  Jan.,  1895. 
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PIPE    FI,A\GES. 

Designs  of  pipe  flanges  for  heavy  steam  pressures.  Illustrated.  —Power, 
April,  1895. 

PIPE  I.IXE,  Snbmerged   . 

Necessity  for  and  methods  used  in  laying  a  sewerage  pipe  line  under  water 
for  a  distance  of  about  400  feet  and  at  a  depth  of  about  10  feet.  William 
H.  Dechant.  With  discussion.  — Proc.  Eng.  Club,  Phila.,  Vol.  XII,  No.  3, 
p.  243  (1S9.'5). 

PIPE;  AVooilen  Stave 

Historical  review-,  and  consideration  of  its  advantages,  with  examples  Of 
its  superiority  in  different  works.  R.  C.  Gemmell.  —Univ.  of  Mich.  Tech- 
nic.  No.  S  (1S9.5). 

PIPE,  AVooden-Stave   . 

Its  use  in  the  mining  regions  for  conveying  water,  and  its  advantages.  Ar- 
thur Lakes.    Illustrated.  —Eng.  Mag.,  Vol.  IX,  No.  3  (1893),  p.  462. 

PIPES,  Steam   . 

Result  of  experiments  bn  the  strength  of  welded  steel  steam  pipes,  by  War- 
ren E.  Hill.  — Prac.  Engr.,  Feb.  8,  1895. 

PIPES,  Submersed  "Water  Supply  • 

A  line  of  2S-inch  cast  iron  pipes  across  the  Willamette  River  at  Portland, 
Oregon.  Its  manufacture,  construction  and  details  of  laying.  Illustrated. 
Franklin  Riffle  and  A.  S.  Riffle.  With  discussion  and  correspondence. 
—Trans.  A.  S.  C.  E.,  Vol.  XXXIII,   No.  4,  pp.  257-296  (1895). 

PIPES,  AVater  Hammer  in   . 

Results  of  some  experiments  on  the  effect  of  water  hammer.  By  R.  C. 
Carpenter.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

PIPING,  STEAM    for  Engines  and    Boilers. 

Points  that  should  be  looked  after  in  order  to  secure  an  efflcient  piping  for 
an  engine  plant.    William  A.  Pike.  —Trans.  A.  S.  M.  E..  Vol.  XV. 

PISTONS   and   Pi.ston   Valves. 

Paper  by  Jtiseph  Butterworth,  read  before  the  Manchester  Association  of 
Engineers.  — Prac.    Engr.,    Nov.    15,  1895,  et  seq. 

PISTOXS,  Piston   Rods  an<l  Fastenings. 

Abstract  of  report  of  a  committee  f  the  American  Master  Mechanics'  Asso- 
ciation. -Prac.    Engr.,    July    19,    1S95,  et  seq.     Mast.  Mech.,  July,  1895  . 

PLANIMETER 

for  measuring  horse  power  directly.  Paper  read  by  E.  J.  Willis  at  the 
Detroit  meeting  of  the  A.  S.  M.  E.— Safety  Valve,  July  15,  1895,  p.  17. 

PliANIMETER. 

Illustration  of  a  cheap  home-made  planimeter.  —Am.  Mach.,  Feb.  21,  1895. 

PLANIMETER.  A   New   , 

That  will  indicate,  without  computation,  the  horse  pow-er  shown  on  the 
diagram.  —Power,    Dec,    1894. 

PLATE   GIRDERS;   Stresses  in  . 

Discussion,  wath  examples  of  using  inclined  stiffeners  for  long  span.  Il- 
lustrated.   Henry     Goldmark.  —Eng.  News,  July  18,  1895,  p.  43. 

PLOAVS.    Electric   . 

Recent  experiments  in  Germany.     Illustrated.  — Elec.   Engr.,   Dec.  26,   1894. 

PNEUMATIC    InterlocUinff. 

The  plant  at  the  new  Boston  terminal   of  the   Boston   and   Maine   R.   R.    Ab- 
stract,   containing    essential    details  of  paper  by  J.  P.  Coleman.  —Eng.  News. 
June  13,  ISO."),  p.  378. 
PNEUMATIC  Storage. 

Handling  grain  by  compressed  air,  and  storing  It  In  steel  tanks.  Short 
illustrated   article.  — Sci.   Am.    Sup.,  Mar.   9,    1895. 

POWER. 

See  GAS  ENGINES,  HYDRAULIC  PRESS,  ELECTRIC  RAILWAY,  ELEC- 
TRIC   TOWING,    ELECTRIC    TRACTION,    ENGINES,    MOTOR,    MOTIVE 
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POWER,  PETROI.EUM  MOTORS  PUMP,  ROPE,  STEAIM,  STEAM  EN- 
GINE, STEAM  TURBINE,  TURBINE,  WATER  POWER,  WATER 
WHEEL,    WATER    WORKS,    WINDMILLS. 

POAVIOR  Absorbed  l>y  Rope  Jiiul   IJelt    Trjinsinission. 

Quite  extensive  experiments  showing  that  ropes  and  belts  are  equally  effl- 
ciont.  — Lon.  Eng.,  March  29.  1895. 

PO^VER,   Electrical  TraiisinisNioii  of   . 

A  paper  by  W.  Carlile  Wallace,  read  before  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  on  the;  Electrical  Transmission  of  Power  in  Ship- 
yards  and   on   Merchant    Steamers.  — Mech.  World,  March  22,  1S95,  et  seq. 

PO^VER.  Mea.snreiiient  of  . 

Brakes  and  dynamometers  theoretically  anQ  practically  considered.  Val- 
uable general  article,  describing  different  forms  and  their  special  appli- 
cability.     Fully    illustrated.      G.    D.  Hiscock.  — Sci.  Am.  Sup.,  Jan.  5,  189o. 

POWER  PLANT. 

Cleveland    Electric    Railway    Co.    Illustrated.  —Power,   Feb..    IS!'"). 

POWER  PLANT. 

See  BOILER,  CABLE,  GAS  ENGINE.  ELECTRIC  RAILWAY,  ENGINES, 
MOTIVE    POWER,    PUMPING    PLANT,  STEAM  ENGINE. 

POAVER  PLANT. 

The  Delaware  Avenue  station  of  the  Electric  Traction  Company,  Philadel- 
phia.   Illustrated.  —St.   Ry.  Jour.,   June,  1895,  p.  393.    Power,  June,  1895,  p.  1. 

POAVER  PLANT  at  Niagara. 

A  C'lomplete  history  and  description,  with  illustrations,  of  the  power  plant 
at  Niagara  Falls.  —Gassier,  July,  1S95. 

POAVER  PLANT   of  tlie  Lonsdale    Comi>any,   R.  I. 

New  dam  and  electric  power  installation  at  Lonsdale,  R.  I.  Description  of 
old  arrangement  and  the  new  plans.    Illustrated.  ^Eng.  Rec,  April  G,  1895. 

POWER  PLANT  Smoke-Stack. 

Handsome  stack  at  the  power  plant  of  the  Toronto  Railway  Co.  Illustra- 
ted. —St.    Ry.    Jour.,    Dec,    1895,    p.  804. 

POW^ER  STATION,  Electric  Railway   . 

Test  of  a  new  design  by  Westinghouse,  Church,  Kerr  &  Co.,  and  erected 
for  the  Winchester  Ave.  R.  R.  Co.  at  West  Haven,  Conn.  Full  and  inter- 
esting account  of  tests  of  actual  cvast  per  horse-power  and  per  car-mile 
of  power,  evaporation,  economy  of  cylinders,  station  efficiency  and  effi- 
ciency of  line,  and  of  economy,  of  mechanical  draft  and  economizer.  By 
Geo.  W.  Colles,  Jr.,  and  Edward  B.  Gallaher.  -Eng.  News,   Mar.  7,  1895. 

POWER  STATION;  Electric  Railway . 

That  of  tlu^  Paltimore  Belt  Lin.-  Company— Interesting  details,  with  illus- 
tions.  —Eng.  Rec,  July  20,   1895,  p.  134. 

POWER    STATION,    Electric    . 

Plant  of  the  North  and  West  Chicago  Street  Railway  Co.  Illustrated. 
—Power,  Sept.,  1895,  p.  1. 

POWER  STATIONS. 

See  CABLE,  GAS  ENGINE,  ELECTRIC  RAILWAY,  ENGINES,  MOTIVE 
POWER,    PUMPING   PLANT. 

POW^ER  STATIONS,  Mecliaiiicnl  Equipment    of   . 

Methods  and  suggestions  in  order  to  secure  certainty  and  reliability  of 
operation  and  uniformity  of  speed,  with  economical  power,  on  electric 
railways.     Illustrated.     Prof.    R.   C .  Carpenter.  -Gassier,   April,  1895. 

POWER  TRANSMISSION. 

See  AIR,  HYDRAULIC  TRANSMISSION.  ELECTRICITY,  ELECTRIC 
POWER,    ELECTRIC    RAILWAY,  ELECTRIC    TRANSMISSION. 

POWER   Tran.smission. 

The  Sacramento-Folsom  plant  in  California.  The  power  is  furnished  by 
water  stored  by  a  masonry  dam  in  Republican  River.  — Elec.  World.  April 
6.  1895. 
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POAVER  TRANSMISSION  l.y  Ci>innrcssc<l   Air. 

The  plant  of  the  North  Star  Mining  Co.  at  Grass  Valley.  Cal.,  using  the 
largest  Pelton  wheel  ever  -built  for  the  air  compression  plant.  Plans  and 
details.    Illustrated    fully.  — Eng.    News,  Dec.   19,   1S95. 

POWER,  Transmission   by   Roi»es  an«l  IteKs. 

Abstract  of  a  paper,  by  V.  Dubrenil,  read  before  the  Society  of  Civil  Engin- 
eers of  France.  — Amer.  Eng.  &  R.  R.    Jour.,    Nov.   1,    1895,    p.   494. 

POAVER  TRAXSMISSIOX  by  Ropes  and  Belts. 

Report  of  the  Lille  experiments  on  their  comparative  efficiency.  David  S. 
Copper.    Abstract.  — Lon.     Engineer,  Dec.  13,  1895,  p.  5S0. 

POWER  TRANSMISSION  by  Solid  Medinm. 

The  use  and  possible  field  of  spheres  or  balls  in  place  of  compressed  air 
or  a  similar  medium.  Illustrated.  Killingworth  Hedges.  —Gassier,  Vol. 
VIII,  No.  2  (1895),  p.   149. 

PRESERVATION   of  Metallic   Strncturos. 

Investigations  showing  the  superiority  of  iron  oxide  paint  mixed  with 
pure  linseed  oil,  and  also  indicating  with  any  good  paint  keeps  the  metal 
from  further  corrosion.  Abstract  of  paper  by  E.  Gerber.  — Eng.  News, 
April    18,    1895.    Eng.    Rec,    April    20.   1895.     R.  R.  Gaz.,   April  26,  1895. 

PRESSES,  Platen 

As  used  for  letter-press  printing,  embossing,  cutting  and  scoring.  Prin- 
ciples involved,  development  of  the  presses  and  general  description.  Well 
illustrated.    John        Thomson.  —Trans.   A.    S.    C.   E.,   Dec,   1894. 

PROPELLERS,   Screw   . 

W.  C.  Winterburn.    Illustrated.  — Prac.  Eng.,  May  24,  1S95,  p.  404. 

PULLEY.  Split   , 

The    Dryden.      Illustrated.  —Am.    Mach.,   Dec.   13,   1S94. 

PU3IP.  Air   , 

See  AIR  PUMP. 

PUMP  and  Compressor. 

Guild  &  Garrison's  improved  vacuum  pump  and  compressor.  Illustrated. 
—Am.   Mach.,   Jan.   3,   1895. 

PUMP.  Power  . 

Gould  Mfg.  Co.'s  new  triplex  power  pump  for  high  pressure.  Illustrat- 
ed. —Am.   Mach.,   Jan.   24,  1895. 

PUMP.  Steam   . 

Mason    direct-acting    steam    pump.   Illustrated.  —Am.  Mach.,  Jan.  17,  1895. 

PUMP,  The  Air-Lift   . 

A  mathematical  discussion  of  the  theory  of  the  air-lift  pump,  by  Elmo  G. 
Harris.  —Jour.   Frank.  Inst.,  July,  1SS5. 

PUMPING   ENGINES. 

See   WATER  WORKS. 

PUMPING  ENGINES,  Iligb   Grade    . 

Examples,  with  general  description,  efficiency  and  comparisons.  E.  D. 
Leavitt.  With  discussion.  Illustrated  drawings  and  diagrams.  —Jour.  N. 
E.  W.  W.  Assn.,  March,  1895. 

PUMPING   PLANT,   the  De   Kalb   Electric   . 

Supply  for  5000  inhabitants  pumped  by  electric  power  IGl  feet  at  a  cost  of 
4  cents  per  1000  gallons.  Details  o'f  conditions  and  machinery.  Daniel  W. 
Mead.    Illustrated.— Eng.    News,    Oct.  3,  1895,  p.  227. 

PUMPING  PLANT,  The  De  Kalb  Electric  . 

Supply   for   5000   inhabitants   pumped  by  electric  power  161   feet,   at  cost  of 
4  cents  per  1000  gallons.     Details  of  conditions   and   machinery.      Illustrated. 
Daniel    W.    Mead.  —Jour.    Ass'n    Eag.  Socs.,  Vol.  XV,  No.  2.  pp.  83-112  (1895). 
PUMPS. 

See    WATER    WORKS,    WINDMILLS. 

PURIFICATION  of  AV^ater. 

See    WATER    WORKS    ASSOCIATION. 
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QUAYS   at   NeTvcastle-TJpon-Tyne,   Enslainl. 

The  old  quays,  and  special  account  of  those  recently  built  In  deep  water 
of  masonry  monolithic  blocks  'M  ft.  long,  20  ft.  wide  and  37  ft.  deep.  Ad- 
am Scott. —Proc.  Inst.  C.  E..  Vol.  119. 

RACE   COURSE,  Cuni1>pr1nit(1   Parle   . 

Different  plans  and  details  for  the  construction  of  this  Tennessee  track. 
Walter    G.    Kirkpatrick.  —Papers    of  Eng.  Assn.  of  the  South,  Aug.,  1S94. 

RACK  RAILAVAY,  The  Blonistrol  Montserrat   . 

Permanent  way,  locoractives  and  general  features  of  this  Spanish  railroad. 
Alfred    Collett.  —Proc.    Inst.    C.    E.,  Vol.   CXX,  p.  25   (1S95). 

RACK   RAILAVAY,   The  Usuri  . 

Gonm-al  conditions  and  d(.'tails  of  coristruL-Uon  of  ihis  .Japani;se  mountain 
railroad.     C.  A.   W.  Pownall.— Proc.   Inst.  C.  E..  Vol.  CXX,  p.  43  (1S95). 

RAIL  BOND. 

See    ELECTRIC    RAILWAY. 

RAIL.  BONDING  and  Electrolytic  Corrosion. 

Conditions  and  effects.  Extensively  illustrated.  George  P.  Low.  —St.  Ry. 
Gaz.,  Mar.  2,  1895.  et  seq. 

RAIL,  The   Continuous  . 

Electric  welding  briefly  described  and  cast  welding  discussed  at  length. 
Methods,  details  and  results  of  work  done.  Illustrated.  Richard  McCulloch. 
—St.  Ry.  Rev.,  Nov.,  1895,  p.  671;  Jour  Assn.  Eng.  Socs.,  Vol.  XV,  No.  4, 
p.  141  (1895). 

RAILROAD;    An   American    Gravity  . 

Interesting  description  of  the  line  from  Carbondale  to  Honesdale,  Pa., 
where  cars  run  by  gravity  down  grade  and  are  drawn  by  cables  on  up 
grades.  History  covering  almost  70  years  of  operation.  Illustrated. 
Charles   W.    Whiting.  -Gassier,    Vol.  VIII,  No.  2  (1895).  p.  83. 

RAILROAD  AXLES:  Effect  of  Teniperatuve  on   . 

See   TEMPERATURE. 

RAILROAD    AXLES,    Life    of   . 

English  experience  indicates  as  the  total  expected  mileage  of  locomotive 
axles  220,000  miles  and  of  car  axles  94,000  miles;  while  the  total  load  of  a 
car  axle  during  its  usual  life  is  about  5600  tons,  including  weight  of  car.  — 
Lon.  Engr.,  Feb.  22.  1895. 

RAILROAD  Ballast. 

Burned  clay  as  used  for  this  purpose  in  the  middle  West.  Methods  of 
burning,  and  results.  Illustrated.  H  A.  Wheeler.— Clay  W.,  Oct.,  1895,  p. 
328. 

RAILROAD  Block  Signal  Rules. 

The  English  code  adopted  by  the  principal  railroads  as  issued  by  the  London 
and  Northwestern  R.  R.  — R.  R.  Gaz.,  June  14,  1895,  p.  386. 

RAILROAD  Bridge  Specifications. 

See   BRIDGE. 

RAILROAD  BRIDGES,  Solid  Floors  for  . 

See  BRIDGES. 

RAILROAD  Congress. 

Proceedings  of  the  International  Railway  Congress  of  the  current  year.  — 
Serial  Lon.,  Eng.,  July  5,  1895,  p.  9,  et  seq.;  Lon.  Engineer,  July  5,  1895.  p. 
1,  et  seq. 

RAILROAD  Congress. 

Summary  of  important  questions  considered  by  former  meetings,  including 
that  of  brakes  for  light  railways,  boiler  fire-boxes  and  tubes,  the  decimal 
system,  light  railway  shops,  twenty-four  hours  day,  organization  and  ad- 
ministration, station  working,  signals,  and  strengthening  the  permanent 
way   to  provide   for   higher   speeds.  —Lon.   Engineer,  June  21,   1895,   p.   523. 
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RAILROAD    COXSTRICTIOX. 

Cost  of  railway  building  of  different  classes  under  the  improved  methods 
of  recent  years.    J.   F.   Wallace.  — Eng.  Mag.,  Vol.  X,  No.  3,  p.  472. 

RAILROAD  Construction. 

Methods  used  in  the  Philippine  Islands.  W.  Liddle.— Proc.  Inst.  C.  E., 
Vol.   CXXI,   p.   170  (1895). 

RAILRO-AD   Construction. 

The  St.  Louis  extension  of  the  St.  Louis,  Keokuk  and  Northwestern  R.  R. 
Many  interesting  features  considered,  especially  the  Belief ontalne  bridge 
over  the  Missouri  River.  By  B.  L.  Crosby.  Illustrated.  Jour.  Assn.  Eng. 
Socs.,  Jan.,  1895. 

RAILROAD    CONSTRUCTION?    Acro.ss   Swamps   . 

Securing  roadbed  by  draining  and  filling,  cross-logging  or  trestling.  With 
discussion.  D.  A.  Stewart.— Trans.  Can.  Soc.  C.  E.,  Vol.  VIII,  No.  2,  p. 
224  (1894). 

RAILROAD   Crossings. 

See  CROSSINGS. 

RAILROAD  Elevated  Structure. 

See    ELE\'ATED    STRUCTURE. 

RAILROAD  EXGIXEERIXG,  Education   in  . 

See  ENGINEERING  EDUCATION. 

RAILROAD   Grade    Crossing  Elimination  in  nnffalo,   N.  Y. 

History  of  the  agitation  and  agreements  of  past  years,  with  an  account  of 
the  work  now  being  done  by  the  New  York  Central  R.  R.  Illustrated.— 
Eng.  Ner^'s,  Oct.  24,  1895,  p.  266. 

RAILROAD  GRADE  Crossings. 

Different  aspects  of  the  problem,  with  numerous  examples  of  its  complexity 
and  solution  in  New  England.  Illustrated.  Wm.  O.  Webber.  —Eng.  Mag., 
Vol.   IX,    No.    6,   p.   1034   (1895). 

RAILROAD  Grade  Cros.sings. 

Specifications  of  the  N.  Y.  C.  &  H.  R.  R.  R.  in  the  work  to  abolish  grade 
crossings    at   Buffalo,    N.    Y.  —Eng.   News,   Mar.  21,   1895. 

RAILROAD  Grade   Crossings. 

Their  abolition  on  the  Providence  division  of  the  Old  Colony  Railroad  in 
Boston.  With  discussion.  James  W.  Rollins,  Jr.  —Jour.  Assn.  Eng.  Socs., 
Vol.  XIV,  No.  5,  p.  447  (1895). 

RAILROAD   Grade  Crossings. 

Their  gradual  abolition  considered  by  A.  W.  Locke;  their  abolition  by  James 
W.  Rollins,  Jr.,  and  their  abolition  in  the  city  of  Brockton,  Mass.,  with  the 
plans  adopted,  by  P.  H.  Snow  and  James  W.  Rollins,  Jr.  -Jour.  Assn.  Eng, 
Socs.,  Vol.  XIV,  No.  5,  pp.  422-447  (1895). 

RAILROAD    Improvement. 

The  work  of  improving  the  alignment  and  grades  of  the  Lake  Shore  and 
Michigan  Southern  R.  R.  Benjamin  Reece.  — R.  R.  Gaz.,  Feb.  8,  189.'>,  ft 
seq. 

RAILROAD;  Incline  Cable  . 

The  recently  constructed   Prospect  Mountain    line    at    Lake    George,    N.    Y. 

Length  0G2G  ft.    Rise  1.595  ft.    Illustrated.— Eng.  News,  Oct.  3,  1895,  p.  226. 
RAILROAD  Machine  Sbop. 

The    management,    design,    operation  and  equipment  of  the  shop  of  to-day. 

H  .D.  Gordon.  —Eng.  Mag.,  Vol.  IX,  No.  4,  p.  705  (1895). 
RAILROAD   Operation. 

Ways   of    securing   greater    economy    and    probable    future    lines    of    effort; 

with    numerous    citations    from    actual    experience.      L.    F.    Lorree.  — Eng. 

Mag.,    April,    1895. 
RAILROAD,  PUiladelpliia  and  Reading  Terminal    . 

Complete   description   of  this  Philadelphia   terminus    and   station,    with    their 

power  equipment,  lighting  and  general  details.     With  discussion.  Illustrated. 

Joseph   M.   Wilson.  —Trans.   A.   S.   C.    E..    Vol.    XXXIV,    No.    2.    pp.    115-184 

(1895). 
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RAILROAD  Pnenniatic  Interloclcingr. 

See    PNEUMATIC    INTERLOCKING. 

RAILROAD.   Proposea   Ifnrtersronnrt. 

The  latest  plans  of  the  Rapid  Transit  Commissioners  of  New  York  city, 
with  objections  to  previous  provisional  plans.  By  William  Barclay  Par- 
sons, chief  engineer.     Illustrated.  — R.  R.  Gaz..  Jan.  4.  1895. 

RAILROAD  Rail  Specifioations. 

See  STEEL  RAILS. 

RAILROAD    Roartbert. 

The  practice  of  British,  Irish,  American,  Australian  and  African  railroads  in 
maintaining  and  improving  their  permanent  way.  Serial,  by  "William  Hunt. 
Lon.   Lng.,   July   12,    1895,   p.  ("•"J,    ti  seq. 

RAILROAD  Shops. 

The  extensive  works  of  the  Great  Western  Railway  at  Swindon,  England, 
with   map   and    illustrations.  —Lon.  Engineer,  June  28,  1S95,  p.  545. 

RAILROAD  Shops. 

The  new  works  of  the  C,  C,  C.  and  St.  L.  at  Wabash,  Ind.,  with  map  and 
illustrations.  — R.   R.   Gaz.,  July  5,   1895.  p.  443. 

RAILROAD  SHOPS  at  Lafayette,  Indiana. 

The  recently  completed  shops  of  the  Louisville.  New  Albany  and  Chicago 
Ry.  Co.    With  plans.  — Eng.  News,  Aug.  1,  1895,  p.  66. 

RAILROAD  Signalling-. 

A  very  comprehensive  and  valuable  paper  concerning  the  history  of  the 
different  systems  and  details  of  those  in  present  use;  the  automatic  lock 
and  block  system,  and  special  mention  of  the  Sykes  system.  John  P. 
O'Donnell.       Lengthy    discussion.  —Trans.  A.  S.  C.  E.,  Nov.,  1894. 

RAILROAD   SIGXALIXG. 

See    PNEUMATIC    INTERLOCKING. 

RAILROAD    Signaling. 

Recent  progress,  as  reported  to  the  recent  International  Railway  Congress 
by  A.   M.   Thompson.  —Eng.    News,  Aug.  8,  1895,  p.  84. 

RAILROAD    Signaling. 

Some  of  the  systems  employed,  with  the  methods  of  signaling.  Charles 
S.    Churchill.      With    discussion. —Jour.   Assn.  Eng.    Socs.,   March,   1895. 

RAILROAD  Signaling. 

See   SIGNALING. 

RAILROAD    Signaling. 

The  automatic  block  system  and  electro-mechanical  slot  as  used  on  the 
Philadelphia  and  Reading  R.   R.     Illustrated. —Eng.   News,    April   4,    1895. 

RAILROAD    Signaling. 

The  block  system,  as  used  on  the  Chicago,  Milwatikee  and  St.  Paul  Rail- 
road.     C.    A.    Goodnow.  — R.    R.    Gaz.,  April  12,  1895. 

RAILROAD     Signaling. 

The  Hall  normal  danger  signal  system  as  used  in  the  United  States.  —Lon. 
Eng.,  Aug.  9,   1895,  p.   179. 

RAILROAD    Signaling. 

The  Webb  and  Thompson  train  staff  system  as  used  on  a  section  of  the 
C.  M.  &  St.  P.  R.  R.     Illustrated;  —Eng.  News,  April  11,   1895. 

RAILROAD    Signaling. 

The  interlocking  system  and  block  signaling,  their  characteristics,  different 
forms  and  details.  Interesting  gene  al  explanation  of  principles  and  practice. 
Lecture  by  W.  McC.  Grafton.  —Bulletin,  U.  of  Wisconsin,  Eng.  Series,  No.  6 
(1895). 

RAILROAD   SIGNALING. 

The  interlocking  system,  with  special  description  Of  some  of  the  most  Im- 
portant features.  George  H.  Paine.  With  discussion.  — Proc.  Eng.  Club, 
Phila.,    Vol.    XII,    No.   2,  p.    192  (1895). 
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RAILllOAD  SIGXALING,  StniKlnrd  Rules   for  . 

Preliminary  report  of  committee  to   Railway     Signaling    Club     of     Chicago. 
— Eng.  News,  May  23,  1895,  p.  333. 

RAILROAD    SiKUsiIs. 

The  report  of  the  International  Railway  Congress  on  this  question.  — R.  R. 
Gaz.,  July  10,  1895,  p.  479. 

RAILROAD  Stations  and  Yaril.s  in  Elnslsind. 

The  freight  traffic  and  its  handling  on  very  extensive  scales.  George  H. 
Turner.    Illustrated.  — Eng.     News,   July  11,   1895,  p.  29. 

RAILROAD    STATIONS;    Arcliitectnre   of  . 

See  ARCHITECTURE. 

RAILROAD  Terminal  Iniprcvements. 

The  condition  and  progress  <oi  the  work  at  Providence,  R,  I.  Illustrated. 
— R.  R.  Gaz.,  July  12,  1895,  p.  457. 

RAILROAD;   The  linifalo   Terminal . 

Its  proposed  route  and  purpose.  With  map.  — R.  R.  Gaz.,  July  19,  1895,  p.  483. 

RAILROAD.  The   St.  Gothard. 

The    construction,     management,    extension  and  working  of  this  important 
line.      C.    S.    Du    Riche    Preller.  — Lon.  Eng.,  Jan.  4,   1895,  et  seq. 
RAILROAD  Tie  Plates. 

See  TIE  PLATES. 

RAILROAD  TIES   of  Metal,  and  Preservative  Process  for  Wooden  Ties. 

Usage  in  foreign  countries,  general  review  of  metal-track  question,  and 
the  consideration  of  wooden  ties  and  their  preservation,  and  of  metal  Lie- 
plates.  E.  E.  R.  Tratman.  —Bulletin  No.  9,  U.  S.  Dept.  Agriculture,  pp. 
1-3G3  (1804). 

RAILROAD  Traoli  Elevation. 

Separation  of  grades  of  the  N,  Y.,  N.  H.  and  H.  R.  R.  In  Boston.  With 
map.  — R.  R.  Gaz.,  June  14,  1895,  p.  383. 

RAILROAD  Track:  Elevation. 

Work  of  the  New  York  Central  R.  R.  in  New  York  City,  constructing  a 
masonry  viaduct  and  also  a  metal  structure.  Illustrated  details. —R.  R. 
Gaz..  April  12,  1895. 

RAILROAD    Track   Elevation   in   Chicago. 

Progress  of  the  general  plan,  with  particular  plans  at  present  under  way. 
Illustrated.  — R.  R.  Gaz.,  July  2G,  1895,  p.  491. 

RAILROAD   Train    Signals   . 

Paper  by  G.  Keeker,  in  which  the  regulations  adopted  by  the  German  gov- 
ernment in  regard  to  train  signalling  is  discussed  and  criticised.— Arch.  F. 
Eisenbw,   July  and  August,   1895. 

RAILROAD  TRANSPORTATION  and  Production. 

Their  intimate  relation  as  Illustrated  by  conditions  existing  in  California. 
With  discussion.  R.  L.  Dunn.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XIV,  No.  5,  p. 
388   (1895). 

RAILROAD.  Transition  Curves  for   . 

See  TRANSITION  CURVES. 

RAILROAD   Trestles. 

See    TRESTLES. 

RAILROAD,  TroUeyizins  the  Nnntasket  Beach   . 

General  plan  of  this  railroad,  and  plans  for  operating  It  by  electric  power. 
Illustrated.  — R.  R.  Gaz.,  June  14,  1S95,  p.  377. 

RAILROAD  TUNNEL. 

See  TUNNEL. 

RAILROAD,  tndergronnd    . 

Location,  plans  and  general  details  of  the  construction  soon  to  be  under- 
taken in  Paris.  —Lon.   Eng.,  Jan.  2."),  1895. 
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RAII-.ROAD,  Undorgrounrt    . 

Summary  of  report  of  the  Boston  Subway  Commission  concerning  recom- 
mended steel  and  concrete  construction,  line  and  density  of  travel,  drain- 
age, lighting,  ventilation  and  methods  of  enlargement.  —St.  Ry.  Gaz.,  Feb. 
23,   1895. 

RAILROAD,  United  Verrte  and  raclJie  .  Arizona. 

Description  of  conditions  and  construction  of  this  railroad  of  3-ft.  gauge 
26  miles  long,  greatest  curvature  about  44  degrees,  maximum  grade  3  per 
cent.  Details  and  cost,  with  maps  of  the  route.  Elbridge  H.  Beckler.  — 
Jour.  Ass'n   Eng.    Socs.,    Feb.,    1S95. 

RAILROAD,   United  Verde  and  Pacific   ,  Arizona. 

Description  of  conditions  and  construction  of  this  railroad  of  3-ft.  gauge, 
26  miles  long,  greatest  curvature  about  44  degrees,  maximum  grade  3  per 
cent.  Details  and  cost,  with  maps  of  the  route.  Elbridge  H.  Beckler.  — 
Jour.    Assn.    Eng.    Socs.,    Feb.,    1895.     Abstract.  R.  R.  Gaz.,  April  19,  1895. 

RAILROADS. 

See  AXLES,  BOILERS,  CROSSINGS,  ELECTRIC  AND  STEAM  RAIL- 
WAT,  RAILROAD  SIGNALING,  RAILROAD  STATIONS,  RACK  RAIL- 
WAT,  RAILS,  RAILROAD  AXLES,  TRACKLATING,  TRAINS,  TRAN- 
SITION CURVES,  TRESTLES,  TUNNEL,  UNDERGROUND  RAILWAT, 
VIADUCT,   CAR  PERRT. 

RAILROADS,   Aerial   . 

The  rope  and  wire  cable  suspended  aerial  railways  of  India,  Hong-Kong, 
Gibraltar,  Spain  and  other  noteworthy  structures.— Ind.  Engr.,  March  23, 
1895. 

RAILROADS,  American   . 

Comparisons  with  the  British.  Impressions  of  Jeremiah  Head,  M.  Inst. 
C.    E.,   London.  — Ry.   Eng.,   April,   1S95,  et  seq. 

RAILROADS   and  Blectricity. 

The  status  of  the  question  of  substituting  electricity  for  steam  as  it  stands 
at  present.— Dr.  Louis  Duncan's  President's  address  before  the  American 
Institute    of    Electrical    Engineers.  — R.  R.  Gaz.,  July  5,  1895,  p.  444. 

RAILROADS   and  Electricity. 

The  question  of  the  application  of  electricity  to  the  operation  of  trunk  lines. 
Its  improbability  for  such  use;  but  probable  utility  in  the  operation  of 
feeders.  —Frank    J.     Sprague.  —Eng.  Mag.,  Vol.  IX,   No.  4.  p.  642  (1895). 

RAILROADS  and  Electricity. 

The  question  of  substituting  electricity  for  steam  as  it  stands  at  present. 
Dr.  Louis  Duncan's  presidential  address  before  the  American  Institute  of 
Electrical  Engineers.  — Elec.  Ry.  Gaz.,  July  6.  1895,  p.  5,  et  seq.  R.  R. 
Gaz.,  July  5,  1895,  p.'  444.  Elec.  World,  July  6,  1895,  p.  11.  Trans.  A.  I.  F.. 
E.,   Vol.  XII,  Nos.  6  and  7,  p.  374  (1895).     Elec.   Engr.,  July  3,  1895,  p.  8. 

RAILROADS,  Belgian   . 

Length,  gradients,  curves,  train  mileage,  earnings  and  various  details.  — Lon. 
Eng.,  June  7,  1895,  p.  723. 

RAILROADS,  Continuous  Rails  on . 

S-e   RAILS. 

RAILROADS;  Electricity  and . 

The  opposition,  at  present  successfully  carried  out,  of  railroads  to  trolley 
lines,  especially  in  Connecticut— Clarence  Deming.  — Eng.  Mag.  Vol.  Ix,  No. 
5,  p.  823  (1895). 

RAILROADS.    Extension  of  tlie  Prussian   RailTvay.s   During   1895. 

An  article  principally  of  statistical  nature  showing  the  proposed  extension 
of  the  Prussian  railways,  for  which  the  necessary  means  already  have  been 
voted.  —Arch.  F.   Eisenbw.,  May  and  June,  1895. 

RAILROADS,  Germj  n   . 

A  paper  by  C.  Thamer  giving  a  large  number  of  statistical  data  with  refer- 
ence to  the  crop  of  small  grain  in  Germany  and  the  part  of  it  moved  by 
the  railways.  —Arch.   F.   Eisenbw.,  May  a»d  June,  1895. 
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RAILROADS  In  AVestern  Sumatra. 

The  building  of  the  state  railroads,  with  conditions  and  general  details. 
Illustrated.  — Lon.   Engineer,    April  19,  1S95. 

RAILROADS;    Liglit   . 

Australian  railroads  used  for  transportation  of  sugar  cane.  C.  E.  Forster. 
— Proe.    Inst.    C.   E.,    Vol.    CXXII,    p.  202  (1895). 

RAILROADS;   Mountain   . 

Their  development  and  construction.  The  Anaconda  line.  Central  Railroad 
of  Peru,  Chimbote  and  other  lines  cited.  Illustrated.  Jas.  R.  Maxwell. 
Eng.  Mag.,  Vol.  X,  No.  1,  p.  61. 

RAILROADS,   Portable   . 

Tlieir  advantage  and  use  in  workshops  and  factories.  Track  and  rolling 
stock,  and  examples  cited.  Illustrated.  J.  Walwyn  White.  Lon.  Eng.,  March 
22,  1895. 

RAILROADS  of  South  America. 

A  very  exliaustive  article  by  G.  Kemmann  describing,  especially  from  a 
commercial  point  of  view,  the  railways  of  the  various  countries  in  S. 
America.  —Arch.     f.     Eisenbw,     January  and  February,  1895,  et  seq. 

RAILROADS  of  tlie  Inited  States  in    tlie   Years  18»l-t)2  and   1S92-93. 

An  article  of  statistical  nature  giving  the  growth,  amount  of  traffic,  cost  of 
transportation,  financial  results,  casualties,  number  of  engines  and  cars  in 
service,  etc.,  for  the  years  mentioned.  — Arch.  F.  Eisenbw.,  May  and  June, 
1895. 

RAILROADS,  Prussian  Government    . 

An  exhaustive  article  by  Dr.  Micke,  describing  in  detail  new  methods  of 
Government  administration  and  pointing  out  the  great  progress  achieved. 
— Arch.    f.    Eisenbw,    Mar.    and    April,  1895. 

RAILROADS,  Suburban  Belgium   . 

Very  detailed  and  complete  study  of  the  construction  and  management  of 
these  narrow  gauge  lines.  Complete  description  of  the  roadbed  and  tracks, 
rolling-stock  and  stations,  and  account  of  their  growth,  usefulness  and  ser- 
vice. — Annales  des.   P.   &  C,   Feb.,   1895. 

RAILROADS,  The  Prussian   . 

An  article  in  which  the  financial  results  for  1893-4  are  given  and  discussed. 
Arch.  F.  Eisenbw.,  May  and  June,  1895. 

RAILROADS,  The  Russian  . 

An  article  in  which  the  growth  of  the  Russian  railways  is  given  detail,  as 
well  as  the  financial  results  from  the  year  1892.    The  article  also  gives  sta- 
tistical data  in  regard  to  the  capital  invested  and  to  various  branches  of  the 
service.  —Arch.  F.  Eisenbw.,  May  and  June,  1895. 
RAILS. 

See   RAILROADS,    TIE  PLATES. 

RAIIiS,   Continuous   . 

Experiments  by  A.  Torrey,  of  the  Michigan  Central.  showing  that  the 
usual  friction  between  splice  plates  will  resist  a  strain  due  to  change  of 
temperature  of  22  degrees,  and  that  resistance  of  ties  and  spikes  for  about 
30  feet  in  length  counteracts  a  change  of  temperature  of  1  degree.  W.  L. 
Webb.  — R.  R.   Gaz.,    Sept.   13,   1895,  p.  604. 

RAILS.  Steel. 

Process    of    Manufacture    of.      Illustrated.  —St.  Ry.  Jour.,  Jan.,  1895. 
RAILS;  The  Renewal   of  AVorn   Steel  ■ . 

The  work  of  the  Pioneer  Rail  Renewing  Co.  Methods  and  results.  — R.  R. 
Gaz.,  Aug.  2,  1895,  p.  509. 

REFRIGERATION',    Carbon    Dioxide    for   . 

Its  advantages  for  pipe  line  refrigeration  and  Its  efficiency  in  extinguishing 
fires.    E.  F.  Osborne.  —Jour.  Assn.  Eng.  Socs.,  March,  1895. 

RESERVOIR  and  Canal  System  of  the   Swan  Lake  Company. 

Plans  and  wVjrks  of  this  Utah  irrlcration  enterprise.  Illustrated.  W.  P. 
Hardesty.  —Eng.    News,   Aug.   20,    1S95,    p.    130. 
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RESERVOIR  at  Payson  Park,  Caiitltridgre,  Mass. 

The  Cambridge  source  of  water  supply,  impounding  reservoirs,  pipe  lines, 
and  especial  description  of  the  Payson  Park  distributing  reservoir,  with  de- 
tails  of  construction.    Illustrated.  — Kng.  Rec,  Dec.  14,  1S95,  p.  25. 

RESERVOIR.   Iron. 

Recently  constructed  at  Bordeaux,  of  560,000  gallons  capacity,  with 
wrought  iron  sides  and  roof.  Short  illustrated  description.  — Lon.  En- 
gineer,   Jan.    11.    1895. 

RESERVOIR;    Tlie   Glasgow    (Seotlaiul)   Craif?i"a«l«lie . 

The  progress  of  the  work  on  this  important  part  of  Glasgow's  water  supply- 
works.    Illustrated.  —Lon.  Eng.    July  26,  1895,  p.  119. 

RESERVOIR;  the  Jerome  Park 

General  and  special  description  of  this  proposed  reservoir  for  New  York 
city.  Illustrated  Serial. —Eng.  Rec,  July  13,  1895,  p.  115,  et  seq. ;  Eng. 
News,  July  18,  1895,  p.  47;  R.  R.  Gaz.,  July  19,  1S95,  p.  478. 

RESERVOIR;    The    Queen    Lane . 

Final  report  of  the  Philadelphia  Board  on  necessary  improvements.  — Eng. 
Rec,  Aug.  10,  1895,  p.  183.- Eng.  News,  Aug,  15,  1895,  p.  102. 

RESERVOIRS. 

See  WATER  WORKS. 

RESERVOIRS,  Preeautions   Necesaary    In     Constructing    Masonry    AValls 
of  . 

Methods  of  underdraining  and  protecting  the  main  structure  from  water 
pressure.  Also  method  of  repairing  fissures  by  the  use  of  India  rubber  and 
cement.  Illustrated.  M.  Dutoit. — Annales  des  P.  &  C,  Vol.  7,  No.  6,  p.  658 
(1895);  Eng.  News,  Dec.  26,  189,5,  p.  419;  abstract,  Eng.  Rec,  Oct.  19,  1895,  p. 
370. 

RESERVOIRS,  Slope  Linings  for   . 

The  advantages  of  a  compound  over  a  simple  lining.  Illustrated.  L.  A. 
Francisco.  —Eng.  News,  May  30,  1895,  p.  355. 

RESISTANCE   OP   MATERIALS.     The    Strength      anil      Elasticity      of      Rent 
Rods. 

Article  by  R.  Bredt,  in  which  this  subject  is  treated  from  a  theoretical 
point  of  view,   and  very  exhaustively.— Ztsch.  Ver  Ing.,  Aug.  31,  1895,  et  seq. 

RING   Deflections   and   Strains. 

Theoretical  considerations  as  applied  to  a  flexible  ring  under  load.  With 
tables  and  illustrations.  Wm.  H.  Searles.— Jour.  Assn.  Eng.  Socs.,  Vol.  XV, 
No.  3,  pp.  124-139  (1895). 

RIPARIAN   OWNERSHIP  of  Lands. 

Bordering  on  lakes  and  rivers.  General  discussion.  By  J.  H.  Armstrong. 
Illustrated.  —Jour.   Assn.   Eng.    Socs.,  Feb.,  1895. 

RIVER  Channels. 

The  changes  in  the  bed  of  alluvial  rivers  and  the  law  of  deviation  as  studied 
on  the  river  Dropt  of  France.— M.  Ciavel.  Annales  des  P.  and  C.  Vol. 
VII,  No.  4,  p.  3G9  (1895). 

RIVER     Di.«<charge. 

See  DISCHARGE. 

RIVER    DISCHARGE    Prom    Catchment   Areas. 

Discussion  as  applied  to  India,  with  the  application  of  the  Craig  formula. 
— Proc.  Inst.  C.  E.,  Vol.  119. 

RIVER  Improvement  on  tlie   Clyde,    Scotland. 

Recent  progress,  with  detail  of  the  works.  Serial.  —Lon.  Engineer,  Aug.  9, 
1895,  p.  131,  et    seq. 

RIVER  Improven»ent  on  the  DelaTvare. 

The  work  of  rectification  at  Philadelphia.  Illustrated.  John  Birkinbine.— 
Eng.  Mag.,  Vol.  IX,  No.  5,  p.  839  (1895). 
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niVER  IMPROVEMENTS. 

See    DANUBE,    DREDGE.    RIVER, 

RIVER    REGILATIOX,    Danube. 

See  DANUBE. 

RIVETED  JOIXTS,  Tlie  Inllueiice  of   CnlUins  on  the  Strengtli  of  - — -. 

Results  of  some  very  interesting  experiments  on  boiler  plates  riveted  to- 
gether but  calked  in  various  ways.  C.  Bach.  — Ztsch.  Ver.  Ing.,  March  16, 
1S95. 

RIVETING   by   Hydraulic   Pressure. 

Its  application  to  bridges  of  smaller  size,  with  description  and  plates  of  the 
machine  and  its  particular  application.  — M.  Geoffroy,  Annales  des  P.  and 
C.    Vol.  VII,  No.  4,  p.  349  (1895). 

RIVETS,  Proiiortions  of  Riveted  Joints. 

Report  of  a  committee  of  the  American  Master  Mechanics'  Association. 
Mast.  Mech.,  July,  1895. 

RIVETS,    Strength    of  . 

Consideration  of  ,  for  different  uses  and  positions  of  rivets,  and  de- 
duced principles  of  dimensions  and  positions.  Extended  discussion.  By 
M.  Dupuy.  —Annales  des  P  &  C.,  Jan.,   1895. 

ROAD  Buildingr. 

Its  importance  and  effects,  with  especial  reference  to  such  work  In  New 
Jersey.    Col.    P.    V.    Greene.  — Eng.   Rec,  April  13,  1895. 

ROAD   Unildiiig   and   Materials. 

General  information  on  these  subjects  and  questions  connected  with  them 
collected  from  different  portions  of  the  country.  State  laws  of  1888-93  on 
this  subject.  —Bulletins  1—10,  U.  S.  Department  of  Agriculture,  1894. 

ROAD     CARRIAGES;     Self-Propelled  . 

Description  of  the  power  vehicles  that  recently  competed  in  the  Paris-Bor- 
deaux race.    Illustrated.  — Lon.  Engineer,  July  12,  1895,  p.  30. 

ROAD   Construction. 

The  Massachusetts  Highway  Commission,  its  general  plan  of  work  and  re- 
cent construction.  General  specifications  used  in  the  construction  of  drains, 
gutters,  foundations  and  telford  and  macadam  pavement.  —Eng.  Rec, 
Feb.  23,  1895. 

ROAD    Iniproveiuent. 

Different  uses  of  cheap  local  materials,  with  examples.  Advantages  and 
cost  compared  with  more  costly  materials,  such  as  macadam.  —Bulletin  U. 
S.   Dept.   of  Agriculture,   1895.     Abstract.  —Eng.  News,  Mar.  14,  1895. 

ROAD  Improvements. 

The  macadamized  roads  of  Knox  county,  Tenn.,  and  the  paved  roads  of 
Fulton  county,  Georgia.  J.  E.  M.  Hanckle.  —Jour.  Assn.  Eng.  Socs., 
March,  1895. 

ROAD   Locomotion. 

The  trial  of  power  carriages  in  France  over  740  mile  course  by  vehicles  fur- 
nished with  steam,  petroleum  and  electric  power,  showing  a  sustained  speed 
of  from  10  to   15  miles  per  hour.  —Lon.  Eng.,  June  21,  1895,  p.  800. 

ROADS,  Cost  of  Poor   . 

The  real  economy  of  constructing  good  roads,  with  especial  reference  to 
conditions  in  Virginia.  Clarence  Coleman.  —Jour.  Assn.  Eng.  Socs.,  March, 
1895. 

RO.\DS;    Maca<lanii7.ed   . 

Their  maintenance  by  the  aid  of  machinery  for  repairs  instead  of  by  hand 
work.    Thomas   Aitken— Proc.   Inst.  C.  E.,  Vol.  CXXII,  p.  215  (1895). 

ROCK  DRILL,  Electric   . 

Details  of  the  Marvin  drill  as  now  perfected.  Illustrated.  —Eng.  News.,  Nov. 
7,  1895,  p.  319;  Elec.  World,  Nov.  16,  1895,  p.  553. 
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ROOF;   Steel   £raiiieT%orU   for   Court   Honsc. 

The  design  for  the  very  irregular  roof  of  the  Minneapolis,  Minn.,  court 
house.    Illustrated.  — Eng.    News,    July  11.  1895,  p.  23. 

ROOFING   SLATES. 

See   SLATES. 

rope:  transmission. 

The  transmission  of  power  by  rope  at  the  Naumkeag  Mills,  Salem,  Mass. 
Illustrated.    —Power,    Mar.,    1895. 

ROPE    Transinission. 

See  POWER. 

RUSTLESS  CO.\TINGS. 

See  IRON  AND  STEEL,  IRON  WORK,   PAINTS, 

RUSTLESS    Coatings. 

See   PRESERVATION   OP   METALLIC  STRUCTURES. 

RUSTLESS   COATINGS   for  Iron  and   Steel. 

Extended  discussion  by  M.  P.  Wood  at  the  recent  Detroit  convention.  Se- 
rial. —Eng.  Rec,  Aug.  3,  1895,  p.  171,  et    seq. 

RUSTLESS   COATINGS   for  Iron   and   Steel. 

See  IRON  AND  STEEL. 

RUSTLESS  COATINGS  for  Iron  and  Steel. 

See  IRON  AND  STEEL  and   IRON   WORK. 

SAFETY  VALVES,  Design  of   . 

By  E.   W.  Barber,  M.  E.     Illustrated.  —Safety  Valve,   Sept.   15,    1895,   p.   14. 

SANITARY  ENGINEERING . 

A  lecture  by  Wm.  Paul  Gerhard,  C.  E.,  delivered  at  the  Franklin  Institute 
of  Philadelphia,  Feb.  15,  1895.  Will  appear  in  full  in  Journal  Franklin  In- 
stitute. Abstract  of  this  paper  sent  to  all  prominent  archit.  and  engin. 
papers. 

SANITATION. 

Improved  Methods  of  House  Drainage.  Recent  improvements  discussed 
befoi-e  the  Architectural  League.  Wm.  Paul  Gerhard.  —Am.  Arch.,  Jan. 
5,    1895.      Sci.    Am.    Sup.,    Jan.    20,    1895. 

SCREW   MACHINE. 

Turret    screw    machine,    with    chasing    bar,    made    by    Alfred    Herbert,    of 
Coventry,    England.      Illustrated.  —Am.    Mach.,   Jan.    IT,    1895. 
SCREW  THREAD.   Metrical    . 

The  machinery  and  methods  used  by  Ludwig  Loewe  &  Co.,  in  Berlin.  — 
Ztsch.   Ver.   Ing.,   Jan.    12,   1895. 

SCRE^V-THREADS,    The    Influence    of    the    Shape    of    the    Thread    on    the 
Strength   of  the   Bolt. 

A  series  of  tests  of  the  tensile  strength  of  bolts  provided  with  various  kinds 
of   threads.    A.    Martens.  —Ztsch.    Ver.  Ing.,  April  27,  1895. 

SCREW  S.   New   Thread  for   . 

Designed  to  replace  square  threads.  By  A.  M.  Powell.  Illustrated.  — 
Am.   Mach..   Jan.   24,   1895. 

SCREWS;    Strength   of   . 

Article  by  C.  Bach  describing  a  very  interesting  series  of  experiments  con- 
ducted by  the  author  to  find  the  influence  of  the  thread  on  the  strength  of 
the  screw. — Ztsch.   Ver  Ing.,   July  20,    1895,  et  seq. 

SEA   WALL    Construction. 

Use  of  dry  concrete  in  bags  for  submarine  work.  Its  durability  and  effec- 
tiveness. Abstract  of  paper  by  Lt.  Col.  Jared  A.  Smith.  Illustrated.  — 
Jour.    Assn.    Eng.    Socs.,    Nov..    1894.  —Eng.   Rec,  Mar.   23,   1895. 

SEA-WORKS.  Machinery   for   . 

Instruments  for  marine  surveys,  building  and  dredging  plant  and  the  ap- 
plication of  transmitted  power  to  harbor  plant.  W.  E.  Kenny.  — Proc.  Inst. 
C.  E.,   Vol.  119. 
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SEPARATOR.  Entrnined  AVnter 

Designed  by  John  E.  Sweet  and  brought  out  by  the  Straight  Line  Engine 
Co.      Illustrated.  —Am.    Mach.,    Dec.  20.  1894. 

SEW'AGE   iiiiil   AVatep   Supply. 

See   WATER    SUPPLY. 

SEAVAGE  DISPOSAL,  of  Berlin. 

Well  described  as  they  were  in  1804.  With  three  plates.  — Annales  des  P. 
&  C,  Sept.,  180.5. 

SEAVAGE   Disposal   ami  Sewers, 

See    SEWERS. 

SEAVAGE  DISPOSAL,  at  3Iancliester.    England. 

The  sewers  and  the  disposal  works  far  treating  chemically  and  filtering 
2,400,000  cubic  feet  per  day.  Wm.  Thomas  Olive. —Proc.  Inst.  Mech. 
Engs.,    July,    1894. 

SEAVAGE  Disposal   AV'orks. 

Works  at  New  Rochelle,  N.  Y.,  using  chemical  precipitation  for  purify- 
ing the  sewage.  — Eng.  Rec.  Mar.   9,  1S95. 

SEAVAGE  DISPOSAL  AV'orUs  of  East    Molesey,  England. 

The  sewerage  system  and  extensive  disposal  works,  using  the  method  of 
chemical     precipitation.    Illustrated.  — Lon.  Eng.,  Dec.  20,   1895,  p.  763. 

SEAVAGE    Disposal   AA'oi-ks    of    Edinbnrgh,   Scotland. 

Methods,  results  and  costs.  W.  Fairley.— Proc.  Inst.  C.  E.,  Vol.  CXXI,  p. 
220  (1S9.-J). 

SEAA'AGE  Disposal  AAorUs  of  Glasgow.   Scotland. 

The  intermittent  precipitation  and.  filtration  works.  Description  of  the 
•wttrks  and  their  operation,  with  methods,  quantities.  cost  and  results. 
Serial.  —Lon.   Eng.,  Aug.   16,    1895,  p.   208,    et  seq. 

SEAVAGE  Disposal  AVorUs  of  Glasgow,    Scotland. 

The  intermittent  precipitation  and  filtration  works.  Description  of  the  works 
and  their  operation,  with  methods,  quantities,  cost  and  results.  Abstract. 
—Eng.  Rec,  Nov.  23,  1895,  p.  460. 

SEAVAGE  FARMS  and  Sewerage  System   of  Paris, 

See  SEWERAGE   SYSTEM. 

SEAVAGE  IRRIGATION  AA'orks, 

See  SEWAGE  DISPOSAL  OP  BERLIN. 

SEAVAGE,    Micro-Organisms    of   . 

Experiments  showing  that  sewage  bacilli  are  not  imparted  to  sewer  gas, 
and  that  the  typhoid  bacillus  does  not  live  many  days  in  sewage.  Report 
of  Drainage  Committee  of  the  Lon  don  County  Council.  —Eng.  Pi,ec*.,  j/la.T, 
16,  1895. 

SEAVAGE    Purification. 

Excellent  results  of  electric  systems.  The  Woolf  (electrozone)  and  the  Her- 
mite  processes  especially  described,  with  practical  examples  of  their  work. 
W.    L.    Hedenberg.— Eng.   Mag.,   Vol.  X,  No.  1,  p.  76. 

SEAVAGE   Purification. 

The  chemical  precipitation  plant  at  New  Rochelle,  N.  Y.  History  of  pre- 
vious disposal  attempted  and  of  the  present  works.  —Eng.  News,  Feb.  28, 
1895. 

SEAA'AGE  Pnrification. 

The  broad  irrigation  and  intermittent  filtration  works  of  Meriden,  Conn.  Il- 
lustrated. —Eng.   News,  July  IS,   1895,  p.  35. 

SEAVAGE  Pnrification, 

The  broad  purification  of  sewage  from    the    separate    system    of    sewers    of 
Freehold,    N.    J.    Illustrated.— Eng.  News,  June  27,  1895,  p.  418. 
SEAA'^AGE  PIRIFICATION  at  Ipswich. 

The  Hermite  process  and  its  application.  J.  Napier.  — Sci.  Am.  Sup.,  Nov. 
9,   1895,  p.  10565. 


INDEX— ANNUAL  SUMMARY.  Ixxxvii 

SEAV'AGE,  Pnririciitioii  of   . 

Its  aeration  by  causing  it  to  ov.erflow  troughs  and  drop  onto  lattice  work, 
after  which  it  is  used  for  steam  and  condensing  purposes  advantageously 
and  without  nuisance.  — Ind.    Engr.,   May  11,  ISO.'). 

SEWAGE   SYSTEMS;  Ventilation   of  . 

Methods  considered,  applicable  to  separate  systems.— Parker  N.  Black.  i5e- 
rial.  — Eng.    Rec,    July   13,    1895,    p.   116,  et  seq. 

SEWER.   Exten.sion  at  Denver,  Colo. 

The  Delganey  street  sewer,  cost  of  brick,  rubble  and  concrete  construction 
and  details  of  work  including  storm  water  weir  and  overflow.  Illustrated. 
—Eng.  Rec,  Ntov.  9,  1895,  p.  421. 

SEAVER  PIPE   anrt   Paving:  Bricli  manufacture. 

See  PAVING  BRICK. 

SEAVERAGE    in    Europe. 

Consular  reports  of  the  systems  of  Amsterdam,  Berlin,  Bordeaux,  Brad- 
ford, Bremen,  Brussels,  Cardiff,  Constantinople,  Copenhagen,  Dublin,  Ed- 
inburgh, Leith,  Florence,  Frankfort,  Glasgow,  Hamburg,  Leeds,  Liverpool, 
Lyons,  Manchester,  Marseilles,  Munich,  Rome,  Rotterdam,  St.  Petersburg, 
Stettin,  Stockholm,  Trieste  and  Vienna.  — U.  S.  Consular  Reports,  February, 
1895. 
SEWERAGE   SYSTEM  anrt   Sewage   Farms  of  Paris. 

Description  of  this  extensive  system,  by  Bechmann  and  Launay.  Illus- 
trated.    With  editorial  comment.    Eng.  News,  Aug.  22,   1895,  pp.  122  and   121. 

SEWERAGE  System  of  Los  Angeles,  California. 

Topographical  and  historical  consideration  and  extended  description  of  the 
system  and  of  the  outfall  extending  frcm  the  city  to  the  sea.  Illustrated. 
Burr    Bassell.  —Eng.    News,    Feb.    28.  1895. 

SEAVERAGE    AVorUs   of    Boston. 

The  Deer  Island  Works,  giving  particulars  concerning  the  pumping  sta- 
tion and  the  sewer  pipe  for  discharging  sewage  3500  feet  into  the  bay.  — 
Eng.   Rec,   Feb.  9,   1895. 

SEWER.   Large   Denver   . 

Details  of  construction  of  a  94  inch  sewer  and  storm  overflow.  Illustra- 
ted. —Eng.   News,    Dec.   26,    1805,   p.  430. 

SEAVER  PIPE  JOINTS. 

Tests  of  tightness  of  cement  joints,  with  deductions  as  to  composition  of 
cement  and  its  use  and  as  to  form  of  joint.  Freeman  C.  Coffin.  —Jour. 
Assn.    Eng.    Socs.,    Dec,    1804.      Eng.   News,  Jan.  3  and  10,  1895. 

SEAVER    PIPES;   Tests   of 

The  crushing  strength  of  different  sizes  of  usual  dimensions  varies  from 
1200  to  2400  pounds  per  lineal  foot.  —Eng.  Rec,  Aug.  10,  1895,  p.  188. 

SEAVER   SYSTEM   Without   Flusli   TanUs. 

Experience  at  Mount  Vernon,  N.  Y.,  indicates  that  the  flushing  of  a  sepa- 
rate sewer  system  is  not  necessary.  F.  S.  Odell.  With  extensive  discus- 
sion.—Trans.    A.    S.   C.    E.,    Vol.    XXXIV,  No.  3,  pp.  223-234  (1895). 

SEWERS  and  Sewage  Disposal. 

General    considerations    and    different  systems.     By  Rudolph  Hering.  —Eng. 
Mag.,    Mar.,    1895. 
SEWERS   AND  AVATER  MAINS,  Plow    in    . 

See  WATER  MAINS. 

SEWERS;  Plow  in  Water  Mains  anrt    . 

See   WATER  MAINS. 

SEWERS;    Some    Recent    Philartelphia . 

Extensive  work  in  deep  sewer  construction.  Difficulties  encountered  and 
methods    given.    Illustrated.  —Eng.  Rec,  Aug.  3,  1895,  p.  167. 

SHAFTS;  Solirt  anrt  Hollow   . 

Experiments  on  their  relative  and  actual  torsional  strength.  W.  C.  Popple- 
well    and    E.    G.    Coker.— Proc    Inst.  C.  E.,  Vol.  CXXII,  p.  291  (1895). 


Ixxxviii  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

SHAFTS,  Torsional  Strensth  of   . 

A  paper  by  W.  C.  Popplewell  and  E.  G.  Coker,  read  before  the  Institution 
of  Civil  Engineers,  giving-  the  results  (of  experiments  made  on  solid  and 
hollow  shafts.  — Prac.  Engr.,  Aug.  30,  1895,  et  seq. 

SHAPING  MACHI\KS. 

See.  MACHINE. 

SHEETIXG   for   Steel  Ships. 

See  SHIPS. 

SHIP  CAXAL  iit  Siiult  Ste  Marie,  Canada. 

General  characteristics.  — Eng.  Rec,   Nov.    IG,   1S95,   p.   435. 

SHIP  CAXALS;  Cost  of  . 

Comparative  cost  of  the  Suez,  Corinth,  Manchester  and  Baltic  Canals,  witn 
extensive    comment.  —Eng.     News,  July  11.  1895,  p.  25. 

SHIPS;  Sheeting  for  Steel   . 

The  use  of  wood  and  copper  sheeting,  its  efficiency  and  results.  Sir  Wil- 
liam White.  Serial. —Lon.  Eng.,  June  21,  1895,  p.  813,  et  seq.;  Lon.  Engi- 
neer, June  14,  1895,  p.  506. 

SHOPS  of  the  "Westinshouse  Electric   antl   Manufacturing'   Company. 

The  plant  at  Brinton,  Pa.,  operated  by  electric  power.  Details  of  the  works, 
with  extensive  illustrations.    Serial.  — Er«.  Rec,  June  1,  1895,  p.  7,  et  seq. 

SIG\ALI\G. 

See  RAILROADS. 

SIGXALIXG,  Railroad  . 

Modern  practice  discussed  from  the  standpoint  of  the  engine  driver.— Eng. 
News,  Mar.   14,  1895. 

SILTIXG  in  Irrigation   Canals. 

Its  prevention  as  theoretically  discussed  and  practically  observed  on  the 
Bari-Doab  canal  system  of  India.  R.  G.  Kennedy.  — Proc.  Inst.  C.  E.,  Vol. 
119. 

SLATES,  RooHng   . 

Their  strength  and  weathering  qualities  discussed  by  Prof.  Mansfield  Merri- 
man.  Account  of  tests  for  strength,  toughness,  density,  porosity  and  cor- 
rodibility.  The  impact  and  acid  tests.  With  discussion.  Illustrated.  —Trans. 
A.  S.  C.  E.,  December,  1894.    Stone,  April,   1895. 

SLATES,    Roofing   . 

Their  strength  and  weathering  qualities  discussed  by  Prof.  Mansfield  Mer- 
riman.  Account  and  tests  for  strength,  toughness,  density,  porosity  and 
corrodibility.  The  impact  and  acid  tests.  With  discussion.  Illustrated. 
—Trans.  A.   S.  C.  E.,  Dec,  1894. 

SLIDE    Rl'LE,   The  . 

Theory  and  general  principles,  and  methods  of  use.  Illustrated.  —Eng. 
News,  Nov.  21,  1895,  p.  340. 

SLIDE  VALVES, 

By    Chas.    Hague.      Illustrated.  —Am  Mach.,  Aug.  29,  1895,  p.  682. 

SMOKE   Prevention. 

Article  by  R.  Stribeck.  describing  a  series  of  experiments  with  various 
devices.  A  photo-metric  method  for  determining  the  density  of  smoke 
is      used.      — Ztsch      Ver.       Inj.,       Feb.    16,    1895.    et  seq. 

SMOKE,  Prevention   of   . 

By    R.    J.    McCarfy.  —St.    Ry.    Jour.,  Dec,   1895,  p.  809. 

SMOKE-STACKS,   Modern   . 

Designs,  both  in  iron  and  brick,  described.  The  article  is  well  illustrated. 
— Pr.  Msch.  Cnstr.,  March  14,  1895. 

SMOKE,  The  Amount  of  Carbon  Dioxide  in    . 

An  article  describing  an  in.strument  for  indicating  the  per  cent,  of  carbon 
dioxide   in    smoke    from   furnaces.  —Prac   Engr.    Aug.  9,  1895. 
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SNOAV  PLOAV  and  Rail   Scraper, 

Used  on  the  Richmond  City  Railway  Co.  Illustrated.  —St.  Ry.  Jour.,  Jan., 
1895. 

SNOW^  PLOW.  Eleotrie   . 

For    electric    street    railways.     Illustrated.  — Elec.   Eng.,   Jan.  2,  189.5. 

SNOW"  PLOW.  Electric   

For  electric  street  railways  cf  the  Pennsylvania  Traction  Company,  I^an- 
caster.    Pa.    Illustrated.  — yt.    Ry.    Jour.,    Jan.,    1895. 

SNOW  PLOAV.  Electric. 

Hirt's  patent  electric  steel  mow  plow-,  made  by  J.  L.  White  Mfg.  Co.,  New 
York.    Illustrated.  —St.     Ry.     Jour.,  Jan.,  1895. 

SXOAV  PLOAV.  The  Taunton . 

Made  by  the  Taunton  Locomotive  Co.     Illustrated.  —St.  Ry.  .Tour.,  Jan.,  1895. 

SOnVDING    BOAT. 

Details  of  the  boat  used  on  the  Danube  River  improvement  for  careful  work. 
— Eng-.  News,  Aug.  15,  1895,  p.  103. 
SPECIFICATIONS. 

See   BRIDGES,    CEMENT,    STEEL,  STANDPIPES,   STEEL  RAILS. 

SPECIFICATIONS  AND  CONTRACTS.    Teacliing . 

See  ENGINEERING  EDUCATION. 

SPECIFICATIONS    for   Bridges. 

See   BRIDGES. 

SPECIFICATIONS  for  Electric  Light    Franchise. 

As  drawn  by  the  trustees  of  Hempstead.  N.  Y.  —Eng.  News,  Aug.  22,  1895, 
p.    117. 

SPECIFICATIONS  for  Strnctnral  Steel. 

See   STEEL. 

SPECIFICATIONS    for    the    Boston    Snhway. 

Including  excavation,  filling,  materials,  timber  work  and  labor.— Eng.  News, 
Oct.  24,  1895,  p.  27.3. 

STACKS.  Tall   Steel   . 

Design  and  construction  of  the  stacks  for  the  Maryland  Steel  Company  at 
Sparrow's  Point,  Maryland.  Two  chimneys  of  13  feet  diameter  and  225 
feet  high.    Illustrated.  —Eng.   Rec,  April  6,  1895. 

STADIA. 

See    SURVEYS,    TOPOGRAPHY. 

STADIA   Measnrements. 

See   SURVEYS. 

STADIA  River  Surveys. 

See  SURVEYS. 

STAGNATION  in  Ponds  and  Reservoirs. 

See  WATER  WORKS  OF  BOSTON. 

STAND-PIPE   Accidents   and   Failures. 

Examples  and  data  additional  to  those  published  by  the  same  writer  last 
year.    Prof.   William  D.  Pence.  —Eng.  News,  April  25,  1895. 

STANDPIPE;   an    Encase«l . 

Novel  and  interesting  design  of  a  standpipe  for  St.  Charles,  Mo.,  in  the  use 
of  horizontal  circular  girders  for  .stiffening  as  a  special  provision  for  wincj 
pressure.  Illustrated.  Edward  Flad.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XIV,  No. 
6,  p.  533  (1895).     Eng.  News,  Aug.  S,   1895,  p.  92. 

STAND  PIPES;  Should  Their  Construction   Be  Ahandoned  f 

The  situation  and  arguments  pro  and  con  editorially  considered.  — Eng.  News, 
May  30,  1895,  p.  353. 

STAND-PIPES,  Specilications  for   . 

Extensive  and  valuable  treatment  of  material,  tests,  workmanship, 
punching,  erection,  rivets  and  riveting,  calking,  rejections  and  superin- 
tendence. Paper  14  columns  in  length.  Prof.  William  D.  Pence.  — Eng. 
News,  Feb.   28,   1895. 
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STATIOX,    Philiidelpliia    ami    ReiiiliiiK  Ilailrojul    . 

See   RAILROAD. 

STEAM. 

See  BOILER,  ELECTRICITY,  ENGINES,  INDICATORS,  MOISTURE. 
PIPES,  PIPE  COVERING,  PUMP,  STEAM  ENGINE,  VALVES,  WATER 
WORKS. 

STEAMBOAT;    a    Steel    River , 

Proposed  plans  for  their  framework  by  F.  H.  Kindl  and  Carl  Schinke.  Illus- 
trated. — Eng.    News,    July  25,   1S95,  p.  52. 

STEAMBOAT  Specifications. 

Given  in  detail  for  the  construction  of  the  hull  of  a  vessel  about  50  ft. 
long-    for  river  navigation.   — Mech.  World,  Jan.  11,  1895. 

STEAMBOAT  "St.  Louis." 

Design  and  details  of  this  new  American  Line  steamship.  Special  descrip- 
tion of  its  machinery.    Well  illustrated.  —Eng.  News,  Aug.  15,  1S95,  p.  99. 

STEAMBOATS;   Indian   River   . 

Serial  describing  the  boats  built  for  service  on  the  rivers  of  India,  both  for 
through  service  on  the  large  rivers  and  others  to  serve  as  feeders  plying 
on   small  and  shallow   streams.  — Ind.  Engr.,  June  S,  1895,  p.  335,   et  seq. 

STEAMBOATS   of   Hndson   River. 

Historical  review  of  all  important  boats,  showing  the  progress  in  design 
and  equipment  from  the  "Clermont"  to  the  most  recent  boats.  Samuel 
Ward    Stanton.  —Eng.    Mag.,    Feb.,   189.5. 

STEAMBOATS;   Rol)ert   Fnlton  and   his . 

Historical  review,  showing  details  of  his  work  and  inventions.  Illustrated. 
T.   C.   Purdy.  -Eng.    Mag.,   Vol.    IX,   No.  5,  p.  8GS. 

STEAM    Carriages. 

The  present  development  of  steam  carriages  for  passenger  traffic  on  com- 
mon  roads.    Illustrated   serial.— Lon.  Engineer,   Sept.   20,  1895,  p.  281,  et  seq. 

STEAM.  Cost  of  AVater  Power  and . 

Tables  and  discussion,  giving  comparison  in  detail  ftor  Montana,  with  some 
data  of  other  great  water  powers.  IM.  S.  Parker.  — Jour.  Ass'n  Eng.  Socs., 
Vol.   XV,   No.   1.   pp.  26-30. 

STEAM,  Dryness  of   . 

Discussion  of  its  determination  by  different  methods  and  their  reliability, 
with     suggestions.       W.     Cawthorne  Unwin.  —Lon.  Eng.,  Feb.  15,  1895. 

STEAM  ENGINE.  Antomntic   ■ . 

Of  new  design,  built  by  the  Atlas  Engine  Works,  and  termed  the  Atlas 
Cycloidal   Engine.  — Power,    Jan.,    1895. 

STEA3I-ENGINE,    Contemporary   Economy   of  the    . 

A  paper  by  R.  H.  Thurston  showing  how  close  the  efficiency  of  the  actual 
engine  now  approaches  the  computed  efficiency  of  the  ideal  thermodynamic 
engine.  —Trans.    A.    S.    M.   E..    Vol.  XV. 

STEAM   ENGINE   Cylinder  Walls. 

See  CYLINDER  WALLS. 

STEAM  ENGINE   Economy. 

History  and  principles  governing.  Henry  Davey. — Proc.  Inst.  C.  E.,  Vol. 
CXXII,  p.   1  (1895). 

STEAM  ENGINE.  Erection  of  Corliss   . 

By    A.    S.    Mann.    Illustrated.  —Power,  Dec,  1894,  et  seq. 

STEAM  ENGINE  Experiments. 

Made  on  a  vertical  single-cylinder  engine,  with  and  without  steam  in  the 
jackets,  condensing  and  non-condensing,  double  and  single  acting,  at  dif- 
ferent expansions,  with  saturated  and  superheated  steam.  Results  obtained. 
Illustrated.    Bryan  Donkin.— Proc.  Inst.  Mech.   Engr.,  Jan.,  1895,   p.  90. 

STEAM  ENGINE  Governing. 

Comparative  advantages  of  governing  by  throttling  and  by  variable  expans- 
ion.     Capt.    H.    Riall   Sankey.    Proc.  Inst.  Mech.  Engrs..  Apr..  1895,  p.  154. 
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STEAM    EXGINE.    Test   . 

An  article  by  Professor  Schroeter,  in  Munich,  describing  a  thorough  trial 
of  a  steam  engine,  working  with  highly  superheated  steam,  and  of  the 
boiler  furnishing  the  steam.  The  results  obtained  make  this  article  one  of 
an  extraordinary  interest.  The  article  is  fully  illustrated.  — Ztsch.  Ver. 
Ing.,  Jan.  5,   1S95. 

STEAM-ENGINE,  The  Economy  of  tlie   . 

A  determination  of  the  effect  on  the  economy  of  the  steam  engine  of  water 
in  the  steam.    By  R.  C.  Carpenter.  —Trans.  A.  S.  M.  E..  Vol.  XY. 

STEAM   ENGINE.   Trial   of  a   Comnound    

Having  cylinder  ratio  of  7  to  1.  Paper  read  by  F.  W.  Dean  before  Am.  Soc. 
Mech.   Eng..  describing  the  trial  of.  — Safety  \'alve,   Dec.  o,  18i)4. 

STEAM  ENGINE  AVltli  Fiikart  Valve    Gear. 

Article  giving  detailed  drawings  of  an  excellent  steam  engine  with  this 
modified  Corliss  valve  gear.  — Pr.  Msch.  Cnstr.,  April  25,  1895. 

STEAM  ENGINES. 

Condenser  for  steam.  Illustration  and  description  of  a  new  condenser 
bi-'ought  out  by  H.  R.  Worthington.  —Power,  Dec.  1S94. 

STEAM  ENGINES. 

See   ENGINE,    TESTS. 

STEAM  ENGINES. 

Trial  of  a  vertical  triple  expansion  condensing  pumping  engine  at  the  Tren- 
ton Water  Works.  Abstract  of  paper  by  S.  W.  and  S.  S.  Webber,  read  be- 
fore Am.  Soc.  of  Mech.   Eng.  —Safety  Valve,  Dezc.  15,  1894. 

STEAM   ENGINES.   Comparative  Efficiencies   of   . 

Comparison  of  the  action  of  a  fixed  cut-off  and  throttling  regulation  with 
that  of  the  automatic  variable  cut-off  and  Compound  engines.  Discussion 
presented  to  Am.  Soc.  of  M.  E.  by  Chas.  T.  Porter,  together  with  the  de- 
scription of  a  new  design  of  throttling  engine,  having  a  cam  valve.  Illus- 
trated. —Power,    Jan.,    1895.  —Safety  Valve,  Jan.,  1895. 

STEAM  ENGINES.  Governing,    . 

Experiments  on  by  means  of  compression.  Paper  read  before  the  Am.  Soc. 
of   M.   E.   by  Jno.   H.   Barr.  —Am.   Mach.,  Jan.  24,  1895. 

STEAM  ENGINES.  Horse  Power  of . 

Nominal  Article  by  A.  Slucki,  advocating  the  classification  of  engines  ac- 
cording to  nominal  horse  power,  but  giving  new  rules  for  this  classifica- 
tion. —Ztsch.  Ver.   Ing.,  Jan.   12,  1895. 

STEAM  ENGINES.  Losses  in   . 

Drop  losses  in  multiple  expansion  engines.  By  Chas  M.  Jones.  — Am.  Mach., 
Dec.  20,  1894. 

STEAM  ENGINES.  Safety  Devices  for    . 

Various  arrangements  which  have  been  tried  in  the  last  few  years  to  pre- 
vent accidents  causing  loss  of  life,  etc.  The  arrangements  described  and 
illustrated  are  all  devices  which  will  stop  the  engine  in  case  of  necessity. 
—Ztsch.   Ver.   Ing.,   Dec.  22.   1894. 

STEAM   ENGINES,  With  Triangular    Connecting-  Rod. 

Article  describing  and  illustrating  an  engine  which  employs  a  triangular 
frame  connecting  rod  to  transmit  the  driving  effort  from  a  pair  of  cross- 
heads  to   one  crank  pin.  — Am.   Mach.,  Dec.  27,  1894. 

STEAM,    Flow   of   . 

The  flow  of  steam  in  pipes,  with  diagrams,  by  Wm.  Cox.  Illustrated. 
—Am.    Mach.,   Feb.  28,   1895. 

STEAM  Heating. 

Comparative  tests  of  radiators.  Extensive  data.  Illustrated.  -Eng.  News 
Dec.  26,  1895,   p.  428-430. 

STEAMSHIP    Machinery. 

Equipment  of  the  new  American  liner,  St.  Louis.  — Lon.  Eng.,  June  21, 
1895,  p.  800. 
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STEAM;  Moistnre  in   . 

Its  determination  when  flowing  in  a  horizontal  pipe.  Probability  that  the 
method  of  its  determination  by  calorimiter  tests  is  erroneous.  D.  S.  Jaco- 
bus.   With    editorial    comment.  — Eng.  News,  July  18.  1S95,  pp.  46  and  41. 

STEAM,   PInntN    for  Power. 

An  article  discussing  forced  draft  and  atmospheric  condensing  for  steam 
power  plants.  —Eng.    Mech.,    April,  1895. 

STEAM.  Preventable  AVnstes  of  Hent    in    tlie    Generation    and    Use    of   . 

A  lecture  by  W.  Kent,  delivered  before  the  Franklin  Institute,  -^our. 
Frank.   Inst.,   Dec,  1895,  p.   406. 

STEAM    SHOVEL.    Tlie   . 

Its  design,   manufacture,  economy  and  adaptability.    A  strong  and  thorough 
article.    Illustrated.    A.     \Y     .Robinson. —Gassier,  Jan.,  1895. 
STEAM    SHOVEL,;    Tlie    Warrington   . 

Mounted   on   trucks,   having  a   frame  made  entirely  of  steel  and  other  novel 

features.    Illustrated.  —Eng.     News,  July  4,   1895.  p.  6. 
STEAM,   Snperlieated    . 

The  Schmidt  motor  for  developing  and  using  superheated  steam.  Details  of 

construction    and    tests    of    efficiency.  — Lon.  Eng.,  Jan.  25,  1895. 
STEAM,    the    Dryness    of  . 

Its    determination   by    the    weighing,    separating,    condensing,    superheating, 

wire-drawing  and   chemical   methods,  with  practical  conclusions.  Illustrated. 

W.   Cawthorne   Unwin.— Free.   Inst.  Mech.   Engr.,  Jan.,  1895,  p.  31. 

STEAMSHIPS,  Tlie  Earliest  Transatlantic  . 

History  and  descriptions  of  the  noteworthy   yessels   of  the  period   1819-1855. 
Illustrated.     S.    W.    Stanton.  —Eng.  Mag.,  Vol.  IX,   No.   6,  p.   1051   (1895). 
STEAMSHIPS.    Transatlantic   . 

Their  characteristics,  from  1856  to  1880.  The  advent  of  the  screw  propeller 
and  compound  engine.  Details  of  prominent  examples.  Fully  illustrated. 
Samuel  Ward  Stanton.  —Eng.  Mag.,  Vol.  X,   No.   2,  pp.  245-260  (1895). 

STEAM.  The  Proilnction   of   . 

Tests  made  upon  locomotive  boilers  to  determine  the  influence  of  length 
and  diameter  of  tubes,  metal  of  tubes,  volume  and  form  of  smoke-box, 
different  systems  of  exhaust,  and  speed  of  engine,  by  Edward  Sauvage. 
—Am.   Eng.  &  R.   R.  Jour.,  Jan..   1895. 

STEAM  TURBINE. 

Theory  of  design  and  efficiency  treated  in  a  very  satisfactory  manner  by 
L.    Klein.    Illustrated.— Ztsch.   Ver.  Ing.,  Oct.  5,  1895. 

STEAMSHIPS,    Transatlantic  . 

The  great    multiple    expansion   steel  ships    of    the    last    fifteen    years.    Illus- 
trated.   S.    W.    Stanton.  —Eng.    Mag.,  Vol.  X,  No.  3,  p.  447. 
STEEL. 

See  CRYSTALLIZATION,  ROOF.  RUSTLESS  COATINGS,  STACKS, 
TESTS. 

STEEL  and   Concrete   in   Combination. 

See   CONCRETE. 

STEEL    Castings. 

Tests  showing  great  toughness  in  annealed  steel  castings.  With  table  and 
illustration.    Gus.  C.  Henning.— Eng.  News,  Oct.  24,  1S95,  p.  268. 

STEEL.    Crystallisation    of   . 

See    CRYSTALLIZATION. 

STEEL;   Elastic   Limit   in . 

The  true  elastic  limit  should  be  strictly  determined  in  tests.  Gus  C.  Hen- 
ning. Also  lengthy  editorial  discussion  of  the  question  of  "elastic  limit"  and 
"yield  point"  in  theory  and  their  applicability  to  commercial  tests.  —Eng. 
News,  July  25,   IS!).",  pp.  01  and  .50. 

STEEL;  Elastic   Limit   of   . 

See  ELASTIC   LIMIT. 
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ste:e:l  forgings. 

Notes  on .     By  G.  M.  Sinclair.    Paper  read  before  the  Am.  Soc.  of  Mech. 

Engrs.  — Prac.  Engr.,   Dec.  14,   181)4. 

STBE^L.  in  Bailding^s. 

See    BUILDINGS. 

STEKLi  in   Large  Bnildings. 

Historical  review  and  general  discussion  of  the  use  of  steel  and  its  effi- 
ciency, and  problems  occurring  in  its  adaptation  to  great  buildings.  C.  T. 
Purdy.  —Jour.  Assn.  Eng.  Socs.,  March,  1895.    Abstract,  Eng.  Rec,  February 

16,  1895,  et  seq. 

STEEL,  MAKING,  The  Revolution  in    , 

The  importance  and  influence  of  'he  open  hearth  process.  Wm.  Metcalf. 
—Eng.   Mag.,  Vol.   IX,    No.   C,   p.    1072    (1895). 

STEEL;    Mild   . 

See  IRON,  INGOT  . 

STEEL;  Nickel  . 

Its  advantages  over  ordinary  steel  for  many  purposes.  Henry  A.  Wiggin. 
—Don.   Eng.,   Oct.   4,    1895,   p.  4.S8;   Sci.   Am.  Sup.,  Oct.  12,  1895,  p.  16,492. 

STEEL,  Nickel  . 

Its  use  to  secure  toughness  as  well  as  a  high  elastic  strength.  A  series  of 
tests  which  indicate  its  advantages  over  carbon  steel  hardly  great  enough  to 
w-arrant  its  structural  use.  With  tables.  H.  H.  Campbell.  —Trans.  A.  S.  C. 
E.,    Vol.    XXXIV,    No.    4,    pp.    285-293   (1895). 

STEEL  PIPE.  Suecifications  for  Riveted    

For  the  water  works  system  of  Cambridge,  Mass.  L.  M.  Hastings,  City 
Engineer.  — Eng.   Rec,   Jan.   5,    1805. 

STEEL,   Progress   in  the   Mannfactnre  of   Castings. 

By  H.  L.  Jautt.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

STEEL    RAILS    for    Bridges. 

See   BRIDGES. 

STEEL  RAILS;  Renewal  of  AVorn . 

See  RAILS. 

STEEL  RAILS;  Specifications  for   . 

Present  practice  west  of  the  Alleghanies,  covering  section,  lengths,  fin- 
ish, drilling,  branding,  chemical  composition,  tests,  treating  of  ingots,  cut- 
ting of  blooms,  heating  and  inspection.    Robert  W.  Hunt.— Eng.  News,   Oct. 

17,  1895,   p.   252;  R.   R.  Gaz.,    Oct.   18,  1895,  p.  688. 

STEEL,  Soft   for  Bridges. 

Its  use,  necessary  qualities  and  suggested  specifications,  with  tables  giving 
steel  requirements  of  27  railroads  and  bridge  authorities.  Illustrated. 
Harry  J.  Lewis.  —Eng.  News,  April  25,  1895.  Abstract,  Eng.  Rec,  April  27, 
1895. 

f>TEEL,  Speciiications  for  Strnctursil    . 

Manufacture,  chemical  composition  and  physical  properties  considered,  and 
the  recommendations  made  that  the  rolled  test  bar  be  used  as  a  rule;  that 
castings  of  simple  form  be  used  without  annealing,  and  that  special  bend- 
ing, drop  or  chemical  tests  be  sometimes  used.  H.  H.  Campbell.  With 
tables,  diagrams,  discussion  and  correspondence.  — Trans.  A.  S.  C.  E.,  Vol. 
XXXIII,  No.  4,  pp.  297-404  (1895). 

STEEL,  Structural   . 

Specifications,  taken  from  those  used  by  A.  C.  Cunningham.  —Eng.  News, 
Feb.  14,  1895 

STEEL,   Structural ,  Tests   of   . 

Short  description  and  table  of  results,  showing  that  an  elastic  limiit  equal 
to  two-thirds  the  ultimate  strength  can  be  obtained  without  difficulty  in 
bridge   steel.    —Eng.   News,    Feb.    28,    1895. 

STEEL  Tests. 

See  TESTS. 
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STEEL;  the  Inllnence   of  Vibration   on  . 

The  idea  that  soft  or  low  steels  suffer  less  is  erroneous.— R.  R.  Gaz.,  Oct. 
4,   1S95.  p.  C55. 

STEEL.  Tlionins  Process  for  the  Mannfnctnre   of  . 

Article  by  E.  Schroedter,  giving  historical  as  well  as  technical  informa- 
tion.  — Ztsch.   Ver.  Ing.,   Jan.   19,   1S95. 

STORAGE   BATTERY. 

An  improved  storage  battery  made  by  the  Holt  Electric  Storage  Co.  Illus- 
trated.  — Eng.   Mech.,   Feb.,   1895. 

STO\'E. 

See  PAVING. 
STONE,   nedford   , 

Its  qualities  and  value  as  a  building  stone,  methods  of  quarrying  and  gen- 
eral  history.    60  pages,   profusely  illustrated.  —Stone,  Jan.,   1S95. 

STONE,    Buildingr  . 

Comparative  tests  of  sixteen  sandstone  and  limestone  blocks,  for  deter- 
mining weathering,  absorption  and  specific  gravity.  Methods  and  results. 
Illustrated.  Coles  A.  Raymond  and  Edward  W.  Cunningham.  —Eng.  News, 
Mar.  28.   1895. 

STOVE  Crnshing-  Plant. 

The  works  for  crushing,  elevating,  screening,  storing  and  conveying  stone, 
recently  erected  on  the  Palisades  of  New  Jersey.  —Eng.   Rec,   Jan.   26,   1895. 

STREET   CAR  Running-  Gear. 

Rigid  and  flexible  wheel  bases.  Their  claims  discussed,  and  the  special  ad- 
vantages of  the  maximum  traction  truck  shown,  with  editorial  comment. 
—Eng.  News,  Jan.  24,  1895. 

STREET  CAR  Wheels. 

Comparison  of  the  merits  of  different  kinds  of  wheels  for  street  railways. 
—St.  Ry.  Jour.,  April,  1895. 

STREET  CAR  Wheels. 

Metal  for  .    By  W.   E.  Partridge.    Illustrated.  —St.  Ry.  Jour.,  Feb.,  1895. 

STREET  CAR  Wheels. 

The  practicability  .and  desirability  of  a  standard  tread  and  flange.  Differ- 
ent types  used  by  different  companies.  Illustrated.  —St.  Ry.  Rev.,  Feb., 
1895.  et  seq. 

STREET  CARS. 

See  FENDERS. 

STREET  CARS  Propelled  by  Gas  Motors. 

Article  by   R.   Schottler,  in  which  the    "Gas    Street    Car    Railway"    of    the 

city  of  Dessau  is  described  and  illustrated.— Ztsch.  Ver.   Ing.,  Aug.  24,   1895. 
STREET  Cleaning. 

Cost  and  conditions  for  twelve  American  cities.  —Eng.  News.  April  11,  1895. 
STREET  Cleaning. 

General  consideration,   with   illustrations     drawn     from     the     experience     of 

Buffalo,  N.  y.  —Municipality  &  County,  April,   1895. 
STREET   LIGHTING  by  Arc   Lamps. 

Specifications  used  for  Oswego,   N.  Y.,  as  prepared  by  William  Pierson  Jud- 

son,  securing  the  rate  of  $81  per  lamp  per  year.  —Eng.  News.,  April  11,  1895. 
STREET   R.VILWAY. 

Cable   street  railway  system  of  the  Columbia   Railway,    Washington,    D.    C. 

Illustrated.  —St.  Ry.  Jour.,  April,  1895. 

STREET  RA1L^VAY   Ambulance 

As  planned  by  Dr.  George  Homan,  Health  Commissioner,  and  in  regular 
service  on  a  St.  Louis  electric  line.  A  complete  illustrated  description.  —St. 
Ry.  Rec,  Jan.,  1895. 

STREET  R.\ILAVAY,  Cable   . 

The  Lexington  Ave.  system  of  the  Metropolitan  Street  Ry.  Co.,  New  York, 
which  is  designed  to  change  from  cable  to  underground  electric.  Illustra- 
ted. —St.    Ry.    Jour.,    Dec,    1895,    p.  777. 
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STREET  RAILW'AY  Coutiiinons  Rail. 

See  RAIL. 

STREET   RAILAVAY.   Gas    Motor   for   . 

The  Luehrig as  used  in  Dresden  and    Dessan.    Illustrated.    Frederick   A. 

Kummer.  — Eng-.   News,   Jan.  24,   1895. 

STREET  RAIL, "WAY,  Rail  Joint!^  for    . 

Causes  of  low  rail  joints  and  their  iirevention.  Description  of  grinding  ap- 
paratus to  reduce  high  rail  ends  to  uniformity.  N.  S.  Amstutz.  —St.  Ry. 
Gaz.,    Feb.    23,    1895. 

STREET    RAILWAY    Rails. 

Recent  sections  of  rails  and  splice -plates.  Six  illustrations  of  step  and  T- 
rails.   — R.  R.   Gaz..   Mar.   22,    1895. 

STREET   RAILWAY,   Repair   Shops    for ■. 

Description  of  the  shops  and  facilities  of  the  Brooklyn  street  railway  com- 
panies. —St.  Ry.  Jour.,  July.  1895. 

STREET  RAILAVAY  Statistics. 

Report  of  Massachusetts  Board  of  Railroad  Commissioners,  abstracted. 
Operating  expenses,  volume  of  traffic,  new  construction  and  other  data.  — 
St.  Ry.  Gaz.,  Mar.  30,  1S95,  et  seq. 

STREET   RAILAV^AY  System   of  Boston. 

Organization,  construction  of  roadway  and  overhead  system,  and  illustra- 
tions of  rail  sections,  cars  and  power  plants.  —St.  Ry.  Jour.,  April,   1895. 

STREET  RAILAVAYS. 

See  CABLE,  STREET  CARS,  ELECTRIC  BRAKES,  ENGINES,  WTIEBL 
FLANGES. 

STREET  RAILW'AYS  and   Sniinrban    Railways  in    Italy. 

Their  great  development  in  Northern  Italy,  with  description  of  roads,  rolling 
stock  and  maintenance.  Maps  and  illustrations.  P.  Amoretti.  — Proc.  ♦  Inst. 
C.   E.,  Vol.  119.    Lon.   Engineer,   March  22,  1895,  et  seq. 

STREET   SPRINKLING. 

See    WATER    WORKS   ASSOCIATION. 

STREETS.    Standard   Crowns   for   . 

Formulae  used  for  the  city  of  Omaha,  Neb.  —Eng.  News,  Dec.  26,  1895,  p. 
422. 

STRESS  in  Beams. 

Its  lines  studied  by  polarized  light.  Suggestions  by  Prof.  A.  Marston.  — 
Eng.   News,   Sept.  12,   1895,  p.  170. 

STRESS  in  Lateral  Bracing-. 

The  effect  of  shear  upon  counters  having  an  initial  stress.  Professor  J.  B. 
Johnson.  —Eng.  News,  May  30,  1895,   p.  355. 

STRESSES    in    Swing    Spans    WitU    Pour  Supports. 

Discussion   of   their   moments   as    given    by    formulae  in    "Modern    Framed 

Structures,"  with  correction.  W.  Whited  and  J.-  W.  Schaub.— Eng.  News, 
Oct.  24,  1895,  p.  280. 

STRUCTURAL    ENGINEERING,    Courses    in   . 

See  ENGINEERING  EDUCATION. 

SUBMARINE    Pipe    Laying. 

A  twelve-inch  gas  main  laid  in  water  about  20  feet  deep,  at  New  York. 
Illustrated.  —Eng.    Ree.    Nov.    2,    1895,    p.   400. 

SUBAVAY,    Electric    Railway   — . 

Illustrated  description  of  the  Boston  Electric  Railway  subway.  Gives  plans 
and  details  of  construction.  — Elec.  Eng..   June  12,   1895. 

SUBAVAY  Specifications. 

See  SPECIFICATIONS. 

SURVEY,  Topographical    . 

The  State  survey  of  Minnesota.  Needs  of  such  surveys,  facilities  for  co- 
operation, and  work  so  far  accomplished  in  that  State.  Prof.  W.  R.  Hoag. 
—Jour.  Assn.  Eng.  Socs.,  Feb.,  1895. 
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SIRVEY,  Topograph ical  . 

See   TOPOGRAPHY. 

SURVEYING. 

See  METERS.  BENCH  MARKS,  GEODETIC  SURVEYING,  LEVELINa, 
CURRENT  METERS,  SOUNDING  BOAT,  TOPOGRAPHY,  TRANSIT, 
TRANSITION  CURVES. 

SURVEYING   and   Mapping:   ii   City. 

The  importance  of  accuracy.  Baltimore,  Md.,  and  Roanoke.  Va.,  cited.  C. 
H.  Rice.  — Eng-.  Mag.,  Vol.  IX.  No.  6    p.    10G6    (1895). 

SIRVEYIXG.  Geodetic  . 

See   GEODETIC   SURVEYING. 

SURVEYING,  Photo  Topography  in  . 

Methods  of  the  Royal  Military  Geographical  Institute  of  Italy  and  of  the 
interior  Department  of  Canada,  with  historical  review  of  other  such  sur- 
veys and  publications  on  the  subject.  Extended  review  of  the  application  ot 
photography  to  topography.  Part  2  of  Report  of  Supt.  of  the  U.  S.  Coast  and 
Geodetic   Survey   for   1892-3,    pp.   37-116. 

SIRVEYIXG,    River  . 

An  approximate  triangulation  method  described  by  Walter  G.  Kirkpatrick. 
—Papers  of  Eng.  Assn.  of  the  South,  August,  1894. 

SURVEYS.   Hydrosrapliic   . 

The  cost  for  eleven  river  and  harbor  surveys,  with  conditions  affecting  each, 
and  apportionment  of  expenditures.  Capt.  Wm.  M.  Black.  —Eng.  News, 
Jan.  10,  1895. 

SURVEYS,  Metliods  of  Seonring  Increased  Aecnracy  in   Stadia    ■ . 

The  investigation  of  causes  of  errors  in  stadia  surveys  by  observation  and 
experiment,  resulting  in  the  discussion  of  "boiling"  of  the  air,  and  the  effects 
of  differential  refraction.  Valuable  and  extended  research  showing  that  the 
accuracy  of  stadia  work  can  be  much  increased.  With  tables  and  diagrams. 
L.  S.  Smith.  —Eng.  News,  June  6,  1895,  pp.  364-7. 

SURVEYS  of  Rivers  by  Stadia. 

The    extension    of    the    stadia   system  to  the  location  of  soundings,  securing 

increased  efficiency,   economy  and  frequently    greater   accuracy.    J.    L.    Van 

Ornum.  —Jour.  Assn.  Eng.  Socs.,  March,  1895.  Abstract,  Eng.  Rec,  Feb.  9, 
1895. 

SURVEYS.    Topograpliieal . 

See  TOPOGRAPHICAL  MAP. 

SWITCHHO ARD.   Electric   . 

Illustrated  description  of  an  economical  series  street-lighting  switchboard. 
— Elec.   Engr.,   Dec.   26,   1894. 

SWITCHBOARD.   The  Evolntion  of  a 

History  of  the  necessity  and  growth  of  the  switchboard,  its  necessary  capa- 
bilities and  numerous  forms,  and  lines  of  probable  future  development.  Lec- 
ture at  the  University  of  Wisconsin  by  Arthur  Vaughan  Abbott.  —Bulletin, 
L'niversity  of  Wis.,  1894,  No.  4. 

TECHXICAU   SCHOOUS.   German  . 

See   ENGINEERING  EDUCATION. 
TELEPIIOXE 

A  new  wire  core  telephone  brought  out  by  Herr  M".  Ohnesorge,  of  Frankfort, 
Germany.    Illustrated.  —Elec.    Eng.,  Jan.  10,  1895. 

TELEPHONE. 

Communication  for  Light  Ships.  Short  article,  giving  method  employed 
by  Prof.   Lucien  I.   Blake.  —Elec.   Engr.,   March  20,  1895. 

TELEPHONE   System. 

The    Auto-Telephone    System.    Illustrated.  — Eleo.   Eng. 

TELEPHONE.    The    Long   Distance . 

The  gradual  growth  of  the  telephone:  following  advancing  electrical  re- 
search, and  the  battery  transmitter,  making  possible  the  long  distance  tele- 
phone.    F.   W.   Dunbar. —Elec.  World,  Jan.  12,  1895. 
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TELEPHONE.   The    Switcliboiiril    . 

See  SWITCHBOARD. 

TEMPEKATIIRE  ami  its  Effects  on  KiiilroKd  Axles  and  Rails. 

Very  high  and  low  temperaturos  injurious.  Thomas  Andrews.  — Lon.  Eng., 
July  5,   IS'Ju,  p.   '22. 

TEMPERATURE   Effects    on   Iron    and  Steel. 

See   IRON    AND   STEEL. 

TESTING   Building,-  Material. 

Switzerland's  station  for  making  tests,  by  competent  specialists,  of  ma- 
terial sent  to  it,  and  for  prescribed  fees.  — U.  S.  Consular  Reports,  April, 
1895. 

TESTING  Building  Stone. 

See   BUILDING   STONE. 

TESTING   MACHINE. 

A  cheap  transverse  testing  machine  and  some  results  Obtained  by  it.  Il- 
lustrated. —Am.  Mach.,  Feb.  7,  1S95. 

TESTING   MACHINE. 

New  testing  machines  and  strain  diagrams  of  the  Riehle  Co.  Illustrated. 
— Engr.  Mech.,  Feb.,  1895. 

TESTING  MACHINES,  Emery   . 

Article  by  Prof.  Martens,  describing  in  detail  the  various  emery  testing 
machines  made  by  William  Sellers  &  Co.,  Philadelphia.  The  article  is  beau- 
tifully illustrated  and  gives  much  information  not  easily  obtainable  other- 
wise. — Ztsch  Ver.   Ing.,    March  2,    1S95. 

TESTS. 

See  CEMENT,  ASPHALT,  BOILER.  CAST  IRON,  COAL.  CORROSION, 
FIREPROOFING.  HEATING,  ELECTRIC  RAILWAY,  EMERY  WHEELS, 
ENGINES,  INCANDESCENT  LAMPS,  IRON,  IRON  AND  STEEL,  PAV- 
ING BRICK,  SCREWS,  SCREW  THREADS,  SEWER  PIPES,  STEAM, 
STEAM  ENGINE,  STEEL,  FLOORS,  TIMBER,  TRAINS,  TURBINE, 
WATER  METERS,   WOOD,   WROUGHT    IRON. 

TESTS,  Fireproofing    . 

Comparative  tests  of  seven  different  materials  of  construction.  Details  and 
results.  —Am.   Arch.,    Sept.    7,    1805,  p.  99. 

TESTS  of  a  Cast  Iron  Conduit. 

The  hydraulic  testing  of  the  pipe,  10  miles  long,  carrying  the  water. supply 
of  Waterbury,  Ctonn.  The  tests  were  made  with  the  pipe  in  place,  but  be- 
fore backfilling.    Illustrated.    R.    A.  Cairns.  —Eng.    Rec,    April    20,    1895. 

TESTS  of  Floor  Arclies. 

See  BUILDING  CONSTRUCTION. 

TESTS  of  Materials   ofr  Metallic  Structures. 

Important  and  very  valuable  report  Of  committee  to  the  American  Society 
of  Civil  Engineers  on  uniform  methods  of  tests  and  on  requirements  fcr 
improving  the  grade  of  cast  iron,  wrought  iron,  rolled  steel  and  steel 
castings;  also  international  standards  for  analysis  of  iron  and  steel. 
—Trans.  A.  S.   C.  E.,    Tan.,   1S95. 

TESTS  of  Paving  Briclc. 

See  PAVING  BRICK. 

TESTS  of  Pipe  Coverings. 

See  PIPE  COVERINGS. 

TESTS    of   Sewer    Pipes. 

See  SEWER   PIPES. 

TESTS   of  Steel. 

See   STEEL. 

TESTS;   Steam   and   Hydraulic   . 

Tests,  at  Massachusetts  Institute  of  Technology,  of  ejectors,  pulsometers, 
duplex  Blake  pump,  belt  machine,  injector,  inspirator,  condenser,  hy- 
draulic ram,  and  boilers.  With  tablea.— Tech.  Quart.,  Vol.  VIII,  No.  1,  p. 
19  (1895). 
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THEATRES. 

Three   papers   as   follows,   by  Wm.  Paul  Gerhard,  C.  E.: 

1.  The  Essential  Conditions  of  Safety  in  Theatres:  An  essay  on  modern 
theatre  planning,  construction,  equipment,  and  management.  —Am.  Arch., 
June  23,  July  7,  14,  21,  1S94. 

2.  The  Water  Service  and  Fire  Protection  of  Theatres.  Paper  prepared  for 
annual  meeting,  June  14,  1895,  of  New  England  Water  W^orks  Association. 
Published  in  abstract  in  Jour.  N.  E.  W.  Asso.,  Dec,  1894.  Published  in  full 
in  Fire  and  Water,  from  Sept.  15,  1S94,  et  seq. 

3.  Theatre  Fire  Catastrophes  and  Their  Prevention.  Paper  prepared  for 
the  annual  meeting  at  Montreal,  Aug.  8,  1894,  of  International  Assn.  of  Fite 
Engrs.    Printed   in    full    in   Annual  Report  of  Proceedings  of  that  Assoc,  for 

1894.  Printed  in  full  in  Sci.  Am.  Sup.,  Oct.  27  and  Nov.  3,  1894.  Printed  in 
full  in  Fire  and  Water,  from  Nov.  17,  1894,  et  seq. 

TIE  PLATES.  Meta;    . 

Comparative  merits  of  the  Coldie.  Servis  and  the  Church  ward.  — Eng. 
News,  Sept.  12,  1S95,  p.  164. 

TILE    FLOORS. 

See  FLOORS. 

TIMBER. 

See  TRESTLES,   BRIDGES,  WOOD. 

TIMBER.  Its  Proi»erties  ami  Characteristics. 

Valuable  general  discussion  of  the  structure,  appearance,  weight,  shrink- 
age, mechanical  and  chemical  properties  of  wood,  its  durability  and  decay, 
the  effects  of  moisture,  the  tests  of  -wiood  in  different  ways  with  practical 
conclusions.  Also  methods  of  distinguishing  different  kinds  of  woods  with 
key,  and  list  of  more  important  woods  of  the  U.  S.  —Bulletin  No.  10,  U.  S. 
Department   of  Agriculture    (1895). 

TIMBER   Preservation. 

Methods  and  appliances.  Its  usefulness,  and  field  covered.  Illustrated.  — 
Ry.  Engr.,  June,  1895,  p.   181. 

TIMBER  Preservation. 

The  creosote  process  as  applied  to  ties  in  France.  — R.  R.  Gaz.,  April  5,  1895. 

TIMBER  Preservation. 

The  vulcanizing  process  for  strengthening,  preserving  and  otherwise  im- 
proving timber.— R.   R.    Gaz.,   Oct.   11,  1895,  p.  G6G. 

TI3IBER  Preserving   Metliods   anrt   Appliances. 

The  portable  wood-preserving  plant  of  the  Southern  Pacific  Railroad.  Creo- 
soting.  burnettizing  and  other  treatment.  With  discussion.  Illustrated.  W. 
G.   Curtis.  —Jour.   Ass'n   Eng.    Socs.,  Vol.  XV,  No.   1.  pp.   1-25  (1895). 

TIMBER  Splice. 

As  used  for  splicing  chord  members  of  Howe  trusses  up  to  250  ft.  length 
on    the    Southern    Pacific    in    Oregon.    Illustrated.— Sci.    Am.    Sup.,    Oct.    12, 

1895,  p.  10,491. 

TIMBER  Tests. 

Results  of  experiments  at  McGill  University,  Montreal,  on  the  strength  of 
Canadian  Douglas  fir,  red  pine,  white  pine  and  spruce.  An  important 
contribution  to  literature  on  this  subject.  Illustrated.  Henry  T.  Bovey. 
With  expert  discussion.  —Trans.  Can.  Soc.  C.  E.,  Vol.  IX,  Part  I,  pp.  60- 
23G  (1895). 

TIMBER  Tests. 

Transverse   tests   of   strength    of   the   Douglas   fir,   by   Prof.    Chas.    B.   Wing. 

—Eng.  News,  March  14.  1895. 

Criticism   by   Prof.    J.    B.    Johnson.  —Eng.    News,    March   28,    1895. 

TIMBERS;    Bridge    and    Trestle   . 

The  best  practice,  and  recommended  practice  in  considering  the  strength  of 
timbers.  Valuable  summary  of  experiment  and  experience.— R.  R.  Gaz., 
Oct.  25,   1895,   p.   702;   Eng.    News,   Oct.  24,   1895,  p.  272. 
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TIMBERS,   Bridge   ami   Trestle  . 

The  best  practice,  and  recommended  practice  in  considering  the  strength  of 
timbers.  Valuable  summary  of  experiment  and  experience.  — Eng.  Rec, 
Nov.  2,  1S95.  p.  401;  Sci.  Am.  Sup.,  Nov.  23,  1895,  p.  1C5S8;  Am.  Arch., 
Nov.  30,  1895,  p.  102. 

TOPOGRAPHICAL.  Map  of  the  I'nitea    Slates. 

The  subject  as  viewed  from  the  standpoint  of  the  U.  S.  Geological  Survey. 
With  illustrative  maps.  Herbert  M.  Wilson.  —Trans.  A.  S.  C.  E.,  Vol. 
XXXIII,  No.  5,  p.  405  (1895). 

TOPOGRAPHICAL.    Survey. 

See    SURVEY. 

TOPOGRAPHICAL,  SURVEY  and  Photography. 

See    SURVEYING. 

TOPOGRAPHY  on   the  Survey  o£  the   Mexico-United    States    Boundary. 

The  stadia  system  used,  with  results.  Details  of  refinements  used  to 
give  greater  accuracy  than  ordinary  methods  would  give.  Topography  by 
intersection.  Adaptation  of  methods  to  all  classes  of  country  over  a  total 
area  of  1700  square  miles.  With  discussion.  J.  L.  Van  Ornum.  —Trans.  A. 
S.   C.  E.,  Vol.  XXXIV,   No.  4,  pp.  259-284  (1895). 

TOWER,  The   Blackpool   . 

Details  of  this  English  metallic  structure  erected  for  purposes  of  recreation 
and  recently  completed.  Height,  500  feet.  Illustrated  serial.  — Lon.  Eng., 
May  24,  1805,  p.  CGO,  et  seq. 

TRACK, 

See    RAILROADS,    ELECTRIC    RAILWAY. 

TRACKLAYIXG  by  Machinery. 

Accounts  of  the  Holman,  the  Harris  and  the  Roberts  tracklaying  machines, 
with  railroads  that  have  used  them,  and  their  records;  with  editorial  com- 
ment. — Eng.   News,  Jan.  3,   1895. 

TRACTION  of  Boats. 

See  BOATS. 

TRAIN  Resistance. 

Dynamometer  tests,  by  M.  Du  Bousquet,  on  French  railroads.  Results  cor- 
respond  closely   to  the   formula: 

200 
Editorial  comment.-  R.    R.    Gaz.,    March  8,  1895. 

TRAIN  Resistances. 

Experiments  by  M.  Du  Bosquet  in  France.  Diagrams  showing  effect  of 
gradients  and  of  increased  speed  on  traction  power  of  locomotive.  —Lon. 
Engineer,  Feb.   15,   1895. 

TRAINS.  Resistance  of . 

Article  Vjy  C.  W.  MacCord,  comparing  formulae  for  train  resistance,  and  ap- 
plying same  to  the  Empire  State  Express.  — Am.  Mach.,  Dec.  20,  1894. 

TRAINS,  Resistance  of  . 

Results  of  experiments  made  by  Mons.  Du  Bousquet  to  determine  the  re- 
sistance of  trains  at  different  speeds  and  on  different  grades.  — Ry.  E.  & 
M.,    April,    1895. 

TRANSIT.  Micrometer  Attachment   for  the   . 

Details  of  device  to  secure  readings  of  vertical  angle  to  the  nearest  record. 
W.    T.    Thompson.  —Trans.    Can.    Soc.  C.  E.,  Vol.  IX,  Part  I,  p.  305  (1895). 

TRANSITION  CURVES. 

Illustrations,  tables  and  extensive  discussion.  Edwin  E.  Woodman.  —Jour. 
Assn.  Eng.  Soc,  Dec,  1894. 

TRANSMISSION  of  Power. 

See  ELECTRIC   TRANSMISSION. 
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TR.WSPORTATIOX   of  Heavy  Cables 

Lengthy  description  of  different  methods  used  on  city  streets.  Illustrated. 
—Kng.   Rec,  Aug.   17,  1S95,  p.  202. 

TRESTLES. 

See  BRIDGES. 

TRESTLES   Replaced  by  Einbankiuents. 

Progress  of  work  on  the  Canadian  Pacific  Railway,  with  methods  and  details. 
Illustrated.  P.  A.  Peterson.  With  editorial  comment.  — Eng.  News.,  Nov. 
28,  1895,  pp.  364  and  361. 

TRESTLES,  Timber   . 

The  best  arrangement  of  longitudinal  bracing.  Standard  forms  used  by 
the  Norfolk  and  Western  Railroad  considered.  M.  E.  Yeatman.  Illustrated. 
Jour.  Ass'n  Eng.  Socs.,  April,  1895,  p.  347.     R.  R.  Gaz.,  Sept.  13,  1895,  p.  603. 

TRUSS  Calculations. 

Stresses  of  superfluous  members  considered  by  Max  am  Ende.  — Lon. 
Engineer,  Feb.   1  and  15,   1895. 

TRUSS   Erection. 

The  trusses  of  the  Rocky  River  Viaduct,  near  Cleveland,  Ohio,  erected  by 
raising  them,  complete,  from  the  ground  on  towers  from  40  ft.  to  80  ft.  high. 
Illustrated.  Eng.    News.    Oct.   31.    1895,  p.  290. 

TRUSSES,   Stresses   in  . 

Illustrated  article  by  Malverd  A.  Howe,  showing  method  of  determining 
maximum  moments  and  shears,  in  trusses  with  parallel  chords,  by  graph- 
ics. — Eng.  Mech.,  April,   1895. 

TUNIVEL,  Blackwall   ,  London,  England. 

History,  design  and  leading  features,  with  details  of  construction  to  date. 
External  diameter,  27  feet,  lined  with  cast  iron,  driven  forward  by  the  use 
of   a   shield.    Abstract.    Illustrated.  ■  -Eng.  Rec,  March  23,   1895. 

TUNNEL,    Cable   Railway   . 

See   CABLE   RAILWAY   TUNNEL. 

TUNNEL  Construction   and  tlie   Hndson   River  Accident. 

The  accidents  caused  by  using  compressed  air,  and  details  of  this  pioneer 
work  and   its  progress.  —Eng.   Rec,  Aug.  17,  1895,  p.  208. 

TUNNEL  Shield. 

That  of  the  Blackwell  tunnel,  England.  Illustrated.  —Eng.  News,  Aug.  22. 
1895,  p.   115. 

TUNNEL,   Tlie   Blackwall    . 

History  of  this  important  work  and  details  of  its  execution.  Diameter,  27 
feet.  Maurice  Fitzmaurice.  Illustrated.  — Sci.  Am.  Sup.,  Aug.  24,  1895,  p. 
16,384. 

TUNNEL;   The   East   River    Gas . 

Interesting  description  of  this  work  of  magnitude  and  difficulty  on  account 
of  passing  from  rock  to  soft  earth  and  vice  versa.  Details  of  the  plans  of 
construction.  Illustrated.  Walton  I.  Aims.  —Sci.  Am.  Sup.,  Aug.  3,  1895,  p. 
16,.S.32. 

TUNNEL;  The  East  River  Gas   . 

Particulars  of  the  construction  of  this  important  half-mile  tunnel.  Inter- 
esting fektures  concerning  the  use  of  the  shield  in  passing  from  soft  mate- 
rial to  rock  and  vice  versa;  broken  joints  in  the  lining;  assembling  the 
shield  inside  the  air  lock.  &c.  Illustrated.  Walton  I.  Aims.  — Eng.  News, 
July  11,   1895,   pp.    19-22. 

TUNNEL,   The   East    River  Gas    . 

The  supposed  rock  tunnel  proving  to  lie  for  a  considerable  distance  through 
decomposed  rock,  necessitating  the  use  of  compressed  air.  Details  of  the 
work.  Walton  I.  Aims.  —Jour.  Assn.  Eng.  Socs.,  A"ol.  XIV,  No.  5,  p.  409 
(1895). 

TUNNEL:   The  New   Italtiiiiore   and    Ohio    Railroad  . 

E.    W.   W.   Assn.,   Vol.   IX,   No.   4,   p.   130. 
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TUNNEL;    tlie    Newliouse  . 

Plans  and  work  on  this  mining  tunnel  at  Idaho  Springs,  Colorado.  Illus- 
trated.   Arthur   Lakej.— Eng.    Mag.,  Vol.  X,  No.  1,  p.  49  (1895). 

TUNNEL.   The   Ontario   Drainajie   • 

See  DRAINAGE  TUNNEL. 

TURBINE,  The  Peltoii. 

Article  describing  and  illustrating  various  installations  of  this  class  of  tur- 
bines. The  illustrations  are  very  good  and  show  many  details.  — Prktsch. 
Msch.  Knstr.,  March  28,   et  seq. 

TUNNEL.  The  Simploii   . 

Full  and  interesting  account,  giving  alignment,  profiles,  water  power  instal- 
lation, ventilation,  contract  and  mode  of  construction  of  this  double  tunnel, 
121,4  miles  in  length.  — Sci.  Am.  Sup.,  Jan.  12,  1895.  Lon.  Engineer,  Jan.  4, 
1895,  et  seq. 

TUNNEL,  the  Thames   at  Blackball. 

History  of  the  movement,  design  and  leading  features  of  the  work,  and  de- 
tails and  account  of  construction  to  date.  External  diameter  of  tunnel,  27 
feet,  lined  with  cast  iron,  driven  forward  by  use  of  a  shield.  —Lon.  Eng., 
Jan.  4,  1895,  et  seq. 

TUNNEL    Timheriug. 

Conditions  and  methods  used  in  the  Ampthill  Second  tunnel,  England. 
E.   E.    Matheson.— Proc.    Inst.    C.    E.,  Vol.  CXX,  p.  335  (1895). 

TURBINE;   How  to  Test  a.  . 

Method,  apparatus  and  its  arrangement.  Illustrated.  Samuel  Webber. 
—Gassier,   Vol.  8,   No.   6,   p.  G05   (1895);  Elec.  Rev.,  Oct.  18,  1895,  p.  477,  et  seq. 

TURBINES   Driving  Electric   Railway  Generators. 

Their  field  of  usefulness,  the  problem  governing  them,  and  its  solution.  Il- 
lustrated from  practical  experience  by  Mark  A.  Replogle.  —St.  Ry.  Rev., 
Jan.,  1895. 

UNDERGROUND    RAILWAY,    Electric   . 

See  ELECTRIC   RAILWAY. 

UNDERGROUND    RAILWAY,    Electric   . 

See  ELECTRIC  RAILWAY. 

UNDERGROUND  RAILWAY. 

See   ELECTRIC    RAILWAY,    RAILROADS. 

UNDERGROUND   RAIL^VAY   of   Glasgow   , 

Methods  used  in  tunneling  through  earth  and  rock,  and  the  proposed 
equipment.  Length  of  line,  G^o  miles.  Illustrated.— Sci.  Am.  Sup.,  Oct.  5, 
1895,  p.    16,474;  Proc.   Inst.  C.   E.,  Vol.  CXXII.  p.  355  (1895). 

UNDERPINNING  a  Bridge  Pier. 

See  BRIDGE  PIER. 

UNDERPINNING   a   Heavy  Foundation. 

The  constantly  settling  High  Court  Buildings  of  Calcutta,  India,  under- 
pinned by  driving  horizontal  piles  beneath  the  foundations.  — Ind.  Engng., 
Dec.   29.   1894.    Eng.    News,    April  4,  1895. 

UNDERPINNING  a  Heavy  Foundation. 

The  constantly  settling  High  Court  Buildings  of  Calcutta,  India,  under- 
pinned by  driving  horizontal  piles  beneath  the  foundation.  —Ind.  Engng., 
Dec.  29,   1894. 

UVITS  OP  MEASURE.  A  Proposal  forAhsolute   . 

An  exhaustive  article  by  M.  Grubler,  based  on  the  metrical  system,  but  of 
interest  to  every  engineer  who  has  felt  the  want  Of  a  thorough  revision 
of  the  system  of  units  of  measure  now  in  use.  — Ztsch.  Ver.  Ing.,  Dec.  15, 
1895. 

VALVE-GEAR,   The   "BucUeye"   • 

A  detailed  description  of  the  valve-gear  used  by  the  Buckeye  Engine  Co., 
by  Albert  K.  Mansfield.  —Trans.  A.  S.    M.    E..    Vol.   XV. 
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VALA'E   GKAR.     With    Double    Exhanst  Port. 

Article  by  F.  J.  Weiss  describing  a  new  kind  of  valve,  in  which  the  bal- 
ancing of  the  steam  pressure  is  obtained  by  a  very  ingenious  construction. 
The   article   is   well   illustrated.— Ztsch.   Ver.   Ing.,   June  29,   1895. 

VALVES.  Automatic    . 

Water  pipe  syphon  valves  designed  to  act  in  case  of  accident  to  the  sy- 
phons. Details  of  their  construction  on  the  Thirlmere  water  supply  for 
Manchester.     England.    Illustrated.  — Eng.  Rec.  Jan.  19,   1S9.5. 

VALVES,  Proportions  and  Movement  of  Slide   . 

A  paper  by    W.    D.    Wansbrough.  — JMech.  World,  March  22,   1S9.'j,  et  seq. 

VALVES,  Steam  Redneing . 

A  series  of  articles  describing  the  action  of  various  reducing  valves.  — Prac. 
Eng.,   Oct.  11,  1895,  et    seq. 

VENTILATING  and  HeatinR. 

See  HEATING. 

VENTILATIOIV  of  Ruildings. 

Report  to  Michigan  State  Board  of  Health  by  John  H.  Kellogg,  M.  D.  Gen- 
eral considerations  and  suggested  practice.  —Am.   Arch.,   March  30,   1895. 

VENTILATING    and    Ileatlniir. 

See   HEATING. 

VENTILATION    of   Separate   Se^verage   Systems. 

See   SEWERAGE   SYSTEMS. 

VIADUCT,  The   Pecos   . 

Valuable  account  of  this  important  wtork  for  improving  the  alignment  of 
the  G.  H.  &  S.  A.  R.  R.  in  Texas.  This  viaduct  is  one  of  the  boldest  yet 
built,  being  2180  ft.  long  and  321  ft.  above  water.  Fully  illustrated.  Ju- 
lius   Kruttschnitt.  —Papers   of    Eng.  Assn.  of  the  South,  Aug.,  1S94. 

VISE  Planer  . 

New  universal  planer  vise  made  by  Chase  Machine  Works,  Plainfield, 
N.  J.    Illustrated.    Am.  Mach.,  Feb.  28,    1895. 

WALLS;   Retaining-   . 

The  failure  of  some  walls  in  Montreal,  with  details  of  their  design  and 
causes  of  failure.  Illustrated.  H.  Irwin.— Trans.  Can.  Soc.  C.  E.,  Vol. 
VIII,  No.  2,  p.  2.'5S  (1894). 

WATER,  Hacteria  and  Otlier  OrRanisms   in . 

Examination  of  the  water  supply  of  Cincinnati,  Ohio,  drawn  from  the  Ohio 
River,  to  determine  the  kinds  of  micro-organisms  found  and  the  efficiency 
of  the  filters.  With  discussion  and  correspondence.  Illustrated.  John  W. 
Hill.  -Trans.  A.  S.  C.  E.,  Vol.  XXXIII,  No.  5,  p.  423  (189.^)). 

WATER   Con.suniption. 

Gallons  used  per  capita  by  different  classes  of  consumers  for  domestic  use 
in  six  cities.    Municipality  and  County,  March,  1895. 

AVATER  Consumption. 

How  to  reduce  it.  J.  C.  Haskell.  —Jour.  N.  E.  W.  W.  Assn.,  \'ol.  IX,  No.  4, 
p.  231   (1S95). 

WATER   Cooling. 

Design  of  an  economical  and  efficient  apparatus  for  cooling  water  rfom 
near  the  boiling  point  to  a  temperature  of  perhaps,  50  degrees  F.  Exam- 
ples of  One  having  a  capacity  of  200  gallons  per  min.  built  for  $320.  By 
Carl   Henrich.  —Eng.    News,   March  21,   1S95. 

AVATER    Discharge   RtM'or<l«'r   for   AVeirs. 

See  WEIRS. 

WATER  FILTIOR  at  Pittsburg.   Pa. 

An  experimental   filter  made  Of  expanded  metal  and  concrete  for  testing  the 
efficiency    of  sand    filtraliun.     Illustrated.  —Eng.    News,    Dec.    12,    1895,   p.   390. 
WATER  Filtrati<»n. 
See   FILTRATION. 
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WATER  Filtration   nnd  Pnrliicatioii 

The  City  of  Mag-deburg-.  An  article  by  E.  Grahn,  describing  the  processes 
used.  Fully  illustrated  and  quite  exhaustive.  —Jour.  f.  Gasb.  u.  Wasserv, 
Feb.   9,    1S95,    et   seq. 

AVATER,  Flow  of   . 

See  FLOW. 

WATER,  Flow  of   . 

The  economic  velocity  of  transmission  of  water  through  pipes,  with  formulae 
and  tables.     Geo.   W.   Tuttle.  — Eng.  Rec,  Sept.  7,  1S95,  p.  258. 

AVATER  MAINS;  Flow  in  Sewer.s  anrt   . 

W.    S.    Crimp  and    C.    E.    Bruges   propose  a  new  formula.— Proc.  Inst.  C.  E., 
Vol.    CXXII,   p.    198   (1895). 

WATER  MAINS,  Moving   . 

Method  used  in  dropping-  two  36-inch  mains  2  feet  on  Broadway,  New  York 
City.  Illustrated.  E.  C.  Moore.  With  discussion.  —Trans.  A.  S.  C.  E,,  Vol. 
XXXIV,  No.  6,  pp.  532-541  (1895). 

WATER  Mea.snrenient. 

Report  to  Montana  Society  of  Civil  Engineers  by  A.  M.  Ryon,  recommend- 
ing that  water  be  ineasured  only  in  terms  of  cubic  feet  per  second;  and 
that  in  adjusting  claims  where  the  miner's  inch  is  the  unit,  one  cubic  foot 
per  sec.  be  taken  as  equivalent  to  40  miner's  inches.  — Jour.  Assen.  Eng. 
Socs.,  Jan.,   1895. 

WATER  Measni-emeut. 

Report  to  Montana  Society  of  Engineers  by  A.  M.  Ryt>n,  recommending 
that  water  be  measured  only  in  terms  of  cubic  feet  per  second;  and  that 
in  adjusting  claims  where  the  miner's  inch  has  been  the  unit,  one  cubic 
foot  per  second  be  taken  as  equivalent  to  40  miner's  inches.  —Jour  Assn. 
Eng.  Socs.,  Jan.,  1895.    Eng.  News,  April  11,  1895. 

WATER  MEASUREMENT. 

See  METERS,   WEIRS. 

AVATER  Pleasuring. 

Lecture  by  Clemens  Herchel  before  the  Rensselaer  Polytechnic  Institute, 
History  and  modern  methods.  —Polytechnic,    March,    1895. 

WATER  METERS,  Testing   . 

Methods  suggested  for'  rating,  with  details.  Illustrated.  John  Thomson.— 
Eng.  News,  Sept.  19,   1S95,  p.  182;  Eng.   Rec,   Sept.   28,   189.5,   p.  313. 

WATER  PIPE,   Riveted   . 

Serial  giving  material,  construction,  methods  and  advantages  as  used  in  th<? 
United  States.    Harold  Jeans.  —Eng.  Rev.,  May,  1895,  p.  357,  et  seq. 

WATER    POWER. 

The  utilization  of  water  power  in  California.  By  George  Hele.  Illus- 
trated. — Elec.   Engr.,  Feb.   1.3,   1895. 

WATER  POAVER  and  Steam. 

See   STEAM. 

W^ATER  POWER  Develoiinient. 

The  proposed  works  at  the  Great  Falls  of  the  Potomac.  Illustrated.  —Eng. 
News.  Sept.  12,  189^,  p.  164. 

W^ATER   POAVER,    Niagara   . 

See    WATER   WORKS   ASSOCIATION. 

WATER  POAVER  of  Great  Falls,  Montana. 

Development  of  the  power  and  description  of  the  works.  Illustrated.  — 
Eng.    Rec,    March   16.   1895. 

W^ATER  POAVERS  of  the  Western  States. 

The  great  field  unoccupied,  and  some  of  the  utilized  water  powers.  Plants 
at  Gothenburg,  Kearney,  Ouray,  Aspen  and  other  places.  Illustrated.  A. 
G.  Allan.  —Eng.  Mag.,  April,  1895. 
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AVATER  Pninping. 

Cost  of  operation  and  maintenance  in  seven  cities  of  the  United  States, 
with  that  in  Chicago  especially  considered.  Samuel  G.  Artlngstall.  — Eng. 
News,  May  30,  1895,  p.  358. 

WATER  PLRIEICATIOX. 

A  lecture  delivered  before  the  Franklin  Institute  by  Rudolph  Hering.  — 
Jour.  Frank.   Inst.,   Feb.,   18'.>5,   et   seq. 

AVATER    Purification. 

The  removal  of  iron  by  aeration  and  filtration  from  ground  water  at  Char- 
lottenburg.  —Eng.  News,   Sept,  5,   1895,   p.   147. 

WATER  PnriUeation   . 

The  sand  washing  for  the  filters  of  Hamburg,  Germany.  Illustrated.— 
Eng.  Rec,  Oct.   19,  1895,  p.  368. 

WATER  Rights  in  AVyoming. 

Their  determination  and  limitations,  record  of  work  done  in  1S93-4  by  the 
State  Engineer,  problems  and  rulings  of  the  State  Board  of  Control,  state- 
ment of  unused  land  and  water  of  the  State,  and  recommended  laws  and 
rules.  Valuable  and  useful  report  showing  the  progress  on  these  questions. 
Elwood   Mead.  —Report   of   State   Engineer  of  Wyoming,  1S94. 

W^ATER   SUPPLIES,   The   Prolilem    o£   Pore    . 

General  consideration  in  its  various  aspects.  Rudolph  Hering.  —Eng.  Mag., 
Vol.  IX,  No.  3  (1895),  p.  450. 

W^ATER   SUPPLIES,   Investigation  of   . 

The  determination  and  bearing  of  the  purity  of  public  water,  with  sugges- 
tion of  best  methods  of  investigation.  Floyd  Davis.  —Eng.  Mag.,  Vol.  X, 
No.  3,  p.  439. 

W^ATER   SLPPLY'. 

A  graphical  method  of  representing  adequacy  of  supply  for  the  demand  in 
any  given  set  of  conditions.  Illustrative  diagram.  James  L.  Greenleaf.  — 
Eng.   News,    April   11,    1895. 

WATER  SUPPLY. 

See    WATER    WORKS    ASSOCIATION. 

WATER  SIPPLY  an«l  Sewage. 

Most  valuable  and  extended  investigation  into  the  chemical  and  bacteriolo- 
gical questions  affecting  the  purity  of  water  supply  in  the  way  of  investi- 
gating the  properties  of  natural  waters  and  methods  of  keeping  them  from 
contamination.  Reports  ^containing results  and  application  of  principles  de- 
rived from  long  continued  experiments.  — 26th  Annual  Report  of  Mass. 
State  Board  of  Health  (1895). 

W^ATER  SUPPLY  as  Affected  by  Temperature    of   Surface   Waters. 

General  consideration,  with  especial  attention  to  the  effect  of  different  tem- 
peratures on  the  growth  of  micro-organisms.  George  C.  Whipple.  —Jour.  N. 
The  route  at  Baltimore,  electric  loc  202-  (1895). 

WATER  SUPPLY,   Boston  Metropolitan    .    The  Proposed   . 

Full  and  valuable  account  of  proposed  plans.  Population  and  consump- 
tion to  be  provided  for,  and  comparison  of  available  sources.  Choice  of 
South  Branch  of  Nashua  River.  Proposed  dam,  dikes,  aqueducts  and  res- 
ervoirs. —Eng.    News,    March    7,    1895;  Eng.  Rec,  March  2,  1895. 

^VATER   SUPPLY   Conduit. 

The  new  steel  aiul  masonry  conduit  of  Rochester,  N.  Y.  Full  and  valuable 
details  of  pipe  and  the  laying,  with  gate  house,  air  valves,  blow-offs  and 
the  new  japanning  process  used  in  a  part  of  the  pipe.  Illustrated.  —Eng. 
News,   April   11,    l.s;),"^. 

WATER  SUPPLY  for  Iloston,  Mass. 

Complete  discussion  of  the  question,  including  present  and  probable  future 
demands,  present  supply,  possible  future  sources,  detailed  description  of  the 
proposed    Nashua   River   supply,    plans    for    improvement    of    the    Sudbury 
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River  water,  amount  and  character  of  organic  matter  in  soils,  and  chem- 
ical analysis  of  waters.  Fully  illustrated  by  maps,  plans  and  diagrams.  — 
Report  of  Mass.   State  Board  of  Health,  Feb.,  1S95. 

WATER  SUPPLY  for  Liverpool. 

The  Lake  Vyrnwy  supply,  with  general  description  and  dimensions  and 
cost  of  dam.    Thomas  M.  Drown.  —Jour.  Assn.  Eng.  Socs.,  Feb.,  1895. 

WATER  SUPPLY  of  Belfast,  Ireland. 

Report  of  the  water  commissioners  on  seven  possible  sources,  and  selec- 
tion of  the  Mourne  Mountains,  which  are  about  forty  miles  from  Belfast. 
— Lon.  Engineer.   March  22,    1895. 

W^ATER  SUPPLY  of  Oakland,  Cal. 

Artesian  wells  for  low  service  and  tunnels  in  coast  range  for  the  high  ser- 
vice. Details  of  supply  and  pumping  plant.  Illustrated.  Eng.  Rec,  June  15, 
1895,  p.  41. 

IVATER  SUPPLY  of  the  City  of  Rome. 

A  discussion  of  the  II  books  of  Frontinus  on  the  water  supply  of  the  an- 
cient city,  and  a  study  of  the  old  aqueducts.  Clemens  Herschel.  —Eng.  Rec, 
Jan.  5,   1895,   et  seq. 

W^ATER  SUPPLY  of  Varions  Enroitenu    Cities. 

Sources,  works  and  systems,  with  copious  comments  and  valuable  sugges- 
tions.      Allen    Hazen.  —Jour.    Ass'n.   Eng  Socs.,   Feb.,   1895. 

WATER  SUPPLY  of  Waterlmry,  Connecticut. 

Paper  by  R.  A.  Cairns  for  the  Rensselaer  "Polytechnic."  —Eng.  Rec,  July 
27,  1895,  p.  150. 

AVATER  SUPPLY,  Purity  of  . 

The  growth  of  diatoms  in  ponds  and  reservoirs  and  their  causes.  Deeper 
bodies  of  water  seem  to  have  two  distinct  seasons  of  rapid  growth— spring 
and  autumn — when  occurs  a  vertical  circulation  of  the  water,  and  the  pres- 
ence of  air  and  nitrates  favor  the  growth.  A  result  of  investigations  favors 
removal  of  surface  soils  from  reservoir  sites.  George  C.  Whipple.  —Tech. 
Quart.,    Oct.,    1894. 

WATER  SUPPLY;   The  Aliquippa . 

"Water  pumped  from  the  Ohio  River,  and  the  pumping  station  at  an  elevation 
allowing  the  pumping  at  extreme  low  water,  and  made  with  water-tight 
walls  to  prevent  stoppage  by  high  water.  Illustrated.  —Eng.  Rec,  July  27, 
1895,  p.  150. 

WATER  SUPPLY,  The  Massachusetts    Metropolitan    — . 

Past  work  and  future  necessities  for  the  supply  of  Boston  and  vicinity. 
Albert  P.  Noyes.  Illustrated.  —Jour.  N.  E.  W.  W.  Assn.,  Vol.  X,  No.  2,  p. 
117  (1895). 

"Si^ATER  SUPPLY.  Town 

A  system  of  bore-hole  wells  advocated,  four  such  wells  being  more  econom- 
ical and  efficient  than  one  large  well.  Advantages  of  operation  and  appli- 
cation of  pumping  machinery  shown.    Henry   Davey.  — Cassier,   Jan.,    1895. 

AVATER  TANK,  Elevated    . 

Designed  and  built  for  Fairhaven,  Mass.  Capacity,  383,000  gallons;  cost, 
.?19,000.     Illustrated.  —Eng.   News,   Sept.   5,   1895,  p.   155. 

AVATER;  the  Consumption  and  AVarste  of . 

Per  capita  rate  of  consumption  for  n-any  cities,  with  investigation  show- 
ing that  a  large  percentage  is  generally  wasted.  75  gallons  per  capita  per 
day  a  liberal  allowance.  Dexter  Brackett.  With  discussion.— Trans.  A.  S. 
O.    E.,    Vol.    XXXIV,    No.    3,    pp.    1S5-222  (1895). 

WATER  TUBE  Boilers. 

See  BOILERS. 

WATER,  Underground    . 

The  development  of  the  underground  flow  or  percolation  as  illustrated  by 
such  works  in  Southern  California.  Interesting  discussion  of  legal  and 
engineering      features.  — Eng.      New  s,    Feb.   21,    1S95. 
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WATERWORKS. 

A  paper  by  B.  Salbach  read  before  the   Engineering    Congress    in    Chicago, 
In  which  that  class  of  water  works  is  discussed  in  which  the  water  is  taken 
from  the  ground  (artesian  wells  or  otherwise)     and    not    from     rivers    and 
lakes.  —Jour.  F.  Gasb.  U.  Wasserv.,  May  4,  1895,  et  seq. 
WATER  AVOHKS. 

See  A^'CHOR  ICE.  CAST  IRON  WATER  PIPES,  FILTER  BEDS,  FIL- 
TRATION, GAS  ENGINES,  ELECTRIC  POWER,  ELECTROLYSIS,  EN- 
GINES, INTAKE,  IRRIG.\TION,  LAKES,  METER,  PIPES,  PUMPING 
PLANT,  RESERVOIRS.  STANDPIPES,  STEAM  ENGINE,  STEEL  PIPE 
TESTS,  TUNNEL,  VALVES,  WATER  MAINS,  WATER,  WATER  FILTER, 
WATER  METERS,  WATER  PIPE,  WATER  SUPPLY,  WATER  TANK, 
WATER   TOWER. 

WATER  W^ORKS. 

See   WATER    SUPPLY. 

WATER    AVORKS. 

The  new  gravity  works  of  Portland,  Oregon.  General  description.  — Eng. 
Rec,    Feb.    23,    1895. 

WATER  AVORKS  ami  Electric  Ligliting-. 

Combined  plant,  economically  maintained,  near  Posen.  — Elec.  World,  April 
6.  1S95. 

WATER  AVORKS  ASSOCIATION,  Convention  of  tlie  American   . 

Papers  read  on  Niagara  Water  Power;  Water  Supply  and  Fire  Protection 
of  the  World's  Columbian  Exposition;  Kansas  City  case  continued;  Fil- 
tration; Damage  for  Appropriation  of  Streams;  Wells  and  Water  Supply, 
New  Utrecht,  N.  Y. ;  Analysis  of  Public  Water  Supplies;  The  Prevention  of 
Electrolysis  of  Water  Mains  and  Service  Pipes;  Methods  of  Street  Sprink- 
ling, and  Cost;  Proposed  Filtration  and  Purification  of  Mississippi  River 
Water  for  Minneapolis;  Fire  Protection  Lines  ;  Private  Water  Companies; 
Province  of  Ontario;  Electrolysis,  Experience  and  Opinions;  Electrolysis  vs. 
Water   Works    Systems.  —Proceedings  Am.  Water  Works  Assn,  1894. 

WATER  AA  ORKS  ASSOCIATION,  Proeeetliiigs  of  the  American   . 

Short  papers  on  pumping,  pipes,  meters,  and  water  supplies,  with  discus- 
sions. Some  valuable  opinions  and  experiences.  —Proceedings  of  the  Assn., 
1895. 

AVATER  WORKS  at  Bombay,  India. 

The  Rajkot  worKS,  recently  completed.  R.  B.  Booth.  — Proc.  Inst.  C.  E., 
Vol.  119. 

AA  ATEK  AVORKS  at  AA  eb.ster,  Mass. 

Supply  derived  from  a  collecting  well  25  feet  in  diameter  and  30  fi-et  deep  on 
the  shore  of  Lake  Chaubungungamary.  Stand  pipe,  pumping  plant,  etc. 
Frank   L.    Fuller.  —Jour.    N.   E.    W.  W.  Assn.,  Vol.  IX,  No.  4,  p.  240  (1S9.5). 

WATER   AVORKS    Auxiliary    Supply. 

Well  and  pumping  station,  with   details,    for    the   water   works   of   Addison, 
N.    Y.    Illustrated.      H.    F.    Labelle.— Eng.  News,  March  14,  1S95. 
AVATER  AAORKS   Coiulnlt. 

A  sixty  inch  steel  conduit  for  Allegheny,  Pa.  Details  of  the  pipe  and  its 
laying.    Illustrated.— Eng.    News,    Oct.  10,  1895,  p.  234. 

WATER   AVORKS    Connections. 

The  use  of  a  tapping  band  on  cast  iron  pipe  for  large  connections.  L.  .\. 
Taylor.  —Jour.  N.    E.    W.    W.  Assn.,  Vol.  IX,  No.  4,  p.  229  (1895). 

AVATER   AA'ORKS;   Electric   Power    I'unips  for   . 

See   El^ECTRIC   POWER  PUMPS. 

AVATER  AA  ORKS  for  Small  Cities  and  Towns. 

A  series  of  articles  concerning  surface  water,  river,  lake  and  ground  water 
supplies,  with  principles  and  methods  of  their  use  and  management.  —Eng. 
Rec,  Dec.  21,   1895,  et  seq. 
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WATERWOUIvS,  Gas  ami  Oil  E^ngiues  for    . 

See  QAS  AND  OIL  ENGINES. 

WATKIl  AVORKS  Intake. 

See    INTAKE. 

WATER  AVORKS  IntaUe. 

The  submerged  cast  iron  intake  of  Erie,  Pa.  Details  of  the  pipe  and  the 
pmgress  in  its  laying.  Illustrated.  Walter  C.  Brough.  — Eng.  News,  Dec. 
5,  1895,  p.  373. 

AVATER   AVORKS    Intake   at    Milwaukee,  AVis. 

The  completed  work,  consisting  of  an  intake  crib  connecting  by  a  tunnel 
with    the    pumping    station.  —Eng.   Rec,  July  13,  1895,  p.  112. 

AVATERAVORKS,  in  AVliicli  the  Fumiis  Are  Moved  by  Gas  or  Gasoline  En- 
gines. 

Lecture  by  M.  Munzel  before  the  society  of  engineers  at  Cologne,  in  which 
very  interesting  data  concerning  this  class  of  water  works  are  given.  The 
paper  is  well  illustrated.  — Ztsch.   Ver.  Ing.,  March  10,  1895. 

AA'ATER  AA'ORKS   of  Asiatie  Coustantinoiile. 

The  dams,  settling  basins,  and  general  wtirks  recently  completed.  Illus- 
trated. —Eng.    Rec,    July    13.    1895,  p.    115. 

AVATER   AVORKS    of   Fnlda,    Minn. 

Pipe  and  hydrant  system  with  details  of  elevated  tank.  Illustrated.  — 
Eng.  Rec,  Nov.  16,  1895,  p.  438. 

AA  ATERAVORKS   of   London. 

An  article  giving  valuable  statistical  information  regarding  the  various 
water  companies  of  London.  —Jour.  P.  Gasb.  U.  Wasserv.,  April  20,  1895. 

AVATER  AAORKS   of  Lynn,  3Ia^s.s. 

Histtiry  of  the  works  with  description  of  the  pumping  plant  and  general 
system.  With  discussion.  John  C.  Haskell.  —Jour.  N.  E.  W.  W.  Assn., 
Vol.  10,  No.   1,  p.  55  (1895). 

AA'ATER  AVORKS   of  Manchester,   N.    H. 

The  general  system,  with  especial  description  of  the  high  service  equipment 
pumped  by  steam  power.  Charles  K.  Walker.  Illustrated.  —Jour.  N.  E. 
W.  W.  Assn.,  Vol.  10,  No.  1,  p.  GG. 

AVATER    AVORKS    of    Moscow. 

Article  by  J.  Vogel,  in  which  both  the  conduit  system  and  the  machinery 
of  the  above  water  works  is  fully  described.  The  article  is  very  fully 
illustrated.— Ztsch.   Ver.  Ing.,   June  22,   1S95. 

AVATER  AVORKS   of  New  AVestminster,  Britisli  Colnmbia. 

Source  in  Coquitlam  Lake,  about  14  miles  from  the  city.  Pipe  lii  e,  reser- 
voir and  distributing  system.  A.  E.  B.  Hill.— Proc.  Inst.  C.  E.,  Vol.  CXXII, 
p.  193  (1895). 

AA'ATER  AA'ORKS  of  Rhinclantler,  AA'is. 

Water  pumped  from  a  30  ft.  brick  well  to  a  20  foot  stand-pipe,  65  feet  high. 
Illustrated.  —Eng.  Rec,  Nov.  30,  1S95,  p.  473. 

AA^4.TER  AA'ORKS   of  Rocliester,  N.  Y. 

The  present  system,  including  new  and  important  additions.  Full  and  inter- 
esting description,  with  details  of  new  construction,  that  of  the  new  conduit 
being  of  especial  interest  and  value.  Illustrated.  By  Emil  Kinchling,  chief 
engineer.  —Eng.  Rec,  April  13,   1895,  et  seq. 

AA'ATEP  AAORKS,  Stand  Pipe  and  Tower    at    Scotland,    Pa 

Wooden  tank  of  10,000  gallons  capacity  elevated  120  feet.  Illustrated.  — 
Eng.  Rec,  NOv.  23,  1895.  p.  457. 

AA'ATER  AVORKS  of  Syracuse,  N.  Y. 

The  dam  and  intake  at  Skaneateles  Lake,  pipe  line,  reservoir  and  distribu- 
ting system.  Details  of  construction  and  plans.  Illustrated.  William  R. 
Hill.  With  discussion. —Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  1,  pp.  23-66 
(1895). 
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WATERWORKS  of  the  City  of  KeiiiscUeid. 

An  article  by  C.  Tritze  describing  the  enlargement  of  the  above  water  works. 
The  article  is  fully  illustrated  and  gives  many  interesting  details,  both 
from  the  period  of  construction  and  from  that  of  operation.  — Ztsch.  Ver. 
Ing.,  June  1,  1895,  et  seq. 

VVATER   AVORKS.    Pipe   Valves, 

See   VALVES. 

WATERWORKS.     Report  of  tlie  Boston   Roard. 

Investigation  of  stagnation  of  ponds  and  reservoirs  and  its  effects,  and  of 
electrolysis  of  water  pipe  by  Messrs.  Stone  and  Webster.  — Eng.  Rec,  June 
8,  1895,  p.  26. 

WATER   WORKS    Reservoir. 

See  RESERVOIR. 

WATER   AVORKS    Service   I.oeatioiiN. 

The  card  system  of  preserving  them  for  ready  reference.  A.  W.  F.  Brown. 
—Jour.  N.  E.  W.  W.  Assn.,  Vol.  IX,  No.  4,  p.  226  (1895). 

W^ATER  W^ORKS,  Some  Nevr  . 

Article  by  E.  Josse,  describing  some  modern  waterworks,  especially  the  en- 
gines and  pumps  for  which  excellent  detail  drawings  are  given.  The  pumps 
shown  are  of  the  most  modern  type.  —Ztsch.  Ver.  Ing.,  March  30,  1895,  et 
seq. 

AVATER   AVORKS    Stanilplpe. 

See   STANDPIPE. 

AVATER   WORKS   System. 

The  new  Croton  aqueduct  and  storage  system,  giving  a  general  outline 
of  the  works,  and  details  of  storage  reservoirs,  dams,  aqueducts  &c.  Il- 
lustrated  serial.— Eng.    Rec,    Aug.  24,  1S95,  p.  223,  et  seq. 

AVATER  "WORKS  System   of  Maiicliester,   N.   H. 

Details  of  reservoir  and  pumping  station  of  the  high  service  system.  Illus- 
trated. —Eng.  Rec,  July  20,  1895,  p. 

WATER  AVORKS,   The  Colorado   Springs  . 

Present  works  and  intended  extension  to  draw  the  supply  from  the  Pike's 
Peak  region.  Illustrated.  Arthur  Lakes.  —Eng.  Mag.,  Vol.  X,  No.  2,  pp. 
273-285    (1895). 

WATERWORKS,  The  Ipsvtich,  Mass.,   . 

General  plans  of  reservoir  and  distributing  system.  Illustrated.  —Eng.  Rec, 
June  22,  1895,  p.  61. 

WATER-AVHEEL,,   The    Pelton . 

Report  of  the  Committee  on  Science  and  the  Arts  of  the  Franklin  Institute. 
Jour.  Frank.  Inst.,  Sept.,  1895,  p.  161. 

WATER  AVORKS;  The  Rnjkot   . 

The  three  dams,  mains,  reservoir  and  gtneral  details  of  these  Bombay, 
India,  works.  — Ind.   Engr.,  June   1,   1SU.''»,  p.  ;*21. 

WATER  AA  ORKS,  the  St.  Lonis    . 

Discussed  in  the  following  papers:  I.  Historical  Review,  by  M.  L.  Hol- 
man.  II.  Points  of  Interest  in  the  Design  and  Construction,  by  S.  Bent. 
Russell.  III.  New  Machinery,  by  John  A.  Laird.  IV.  Quality  of  the 
Supply,  by  Robert  E.  McMath,  and  V.  Filtration,  by  Robert  Moore.  — 
Jour.    Assn.    Eng.    Socs.,    Jan.,    1895. 

WEIRS  and  Ham. 

See  DAM. 

WEIRS,  AVater  DischarKe  Recorder    for . 

An  aufomatic  recorder  plotting  a  curve  on  a  revolving  drum,  the  ordinates 
representing  discharge.     Illustrated.  — Lon.  Eng.,  Oct.    2.5,  1895,  p.  508. 

WELDING.    Electric   . 

Description,  with  general  discussion  of  the  effectiveness  of  the  weld.  Ben- 
jamin  Alfred    Dobson.  — Proc.    Inst.  Mech.   Engs.,   July,    1894. 
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WELDLESS    CHAINS. 

Klatte's  process  of  rolling  weldless  chains  from  a  cross-bar  at  a  rate  of 
from  ten  to  twenty  feet  per  second,  and  then  giving  the  links  their  final 
shape  by  a  second  heating  and  rolling.  Fully  illustrated  account  of  a 
valuable  and  interesting  process.  — Sci.  Am.  Sup.,  Feb.  9,  1895. 

WELDS,  Strength  of   . 

See   IRON   WELDS. 

WELLS  for  Water  Supply. 

See  WATER  SUPPLY. 

WHEEL  FLANGES  for  Street   llsiil-i^  ays. 

Illustrated.  —St.   Ry.   Jour.,  Jan.,    ISO"). 

WIND  BRACING  in  High  Bnildings. 

Discussion  by  several  engineers  of  paper  by  Guy  B.  Walte.  Serial.  — Eng. 
Rec,  June  8,  1895,  p.  30,  et  seq. 

WINDMILL,  Pniupiug  Power  of  . 

Theoretical  discussion  and  tests  of  different  windmills.  Comparisons  made. 
Illustrated.  E.  C.  Murphy.  —Kansas  Univ.  Quarterly,  Vol.  IV,  No.  2,  pp. 
93-105  (1895). 

AVINDMILLS  for  Geiierutlns  Electricity. 

Practical  working  of  ,   by  Lieut.  I.  N.  Lewis.  — Ind.  Engr.,  Jan.  19,  1895. 

WINDMILLS   for  Raising  Water. 

Theoretical  considerations  and  description  t)f  different  types.  J.  A.  Grif- 
fiths. — Proc.  Inst.,  C.  E.  Vol.  119. 

WIND  Pressnre. 

A  very  valuable,  complete  and  extended  discussion,  giving  history,  details 
and  results  of  past  investigations,  comparisons  of  experiments  and  for- 
mulae, recent  practice  and  application  to  engineering  structures,  sug- 
gested line.T  of  further  investigation.  The  most  complete  and  reliable 
treatise  on  this  question.  By  Capt.  W.  H.  Bixby.  — Eng.  News,  March  14, 
1895. 

WIND  Pressure,  Experiments  on   . 

Extended  and  valuable  experiments,  by  I.  Irminger,  showing  relative 
amount  of  anterior  rarefaction  at  different  inclinations,  and  relative  pres- 
sures at  different  inclinations,  compared  with  normal  pressure.  — Proc. 
Inst.    C.    E.    Vol.    118.    Abstract,    Sci.  Am.   Sup.,  March  16,   1895. 

AVIND  PRESSURE. 

Recent  German  experiments,  indicating  that  normal  pressures  are  much 
less  than  is  generally  supposed,  an  d  that  the  effect  of  suction  on  the  lee- 
ward side  is  usually  great  and  should  be  considered.  —Eng.  News,  Feb, 
14.   1895. 

W^IND.  Velocity  of . 

The  effect  of  high  velocities  on  structures  probably  40  per  cent,  less  in  fact 
than  usual  formulas  indicate.  Results  of  tests  on  Eiffel  Tower  by  Mr. 
Koechlin.  —Sci.   Am.  Sup.,   Jan.   5,   1895. 

W^IRES  for  Return   Loop   S>  .stem. 

An  exposition  of  the  formulae  used  for  calculating  sizes.  Edwin  R.  Keller. 
—Jour.    Frank.    Inst.,    Dec,    1895,    p.  455. 

WOOD,  Preservation  of 

Older  methods  and  the  modern  creosoting  and  burnettizing  of  wood  ex- 
plained. Cost  and  economy  of  preservation.  —By,  O.  Chanute.  -Gassier, 
Feb.,  1895. 

WOOD,  Preservation  of   . 

The  portable  plant  of  the  Southern    Heywood. 

and  the  method  of  creosoting  used  at    the   Oakland   Works.    W.    G.    Curtis.  — 

R.  R.  Gaz.,  Feb.  8,  1895.    Sci.  Am.  Sup.,   April  13,   1895.    Eng.   Ne'is    April  4, 

is'.)5. 
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WOOD,  Preservation  of  . 

The  portable  plant  of  the  Southern  Pacific  Railroad  for  iJi'rnettizing  ties, 
and  the  method  of  creosoting  used  at  the  Oakland  Worka  W.  G.  Curtis. 
R.   R.  Gaz..  Feb.  S,   1895. 

WOOD  Preservative   Processes, 

See   RAILROAD   TIES. 
\VORIvSHOPS  at  Ivabnl. 

Short  description  of  the  engineering  and  ordnance  shops  of  Afghanistan.— 
Ind.  Engr.,  Feb.  9,  1S95. 

AVRECKS  and   Strundings. 

Rules  governing  their  regulation  in  France.  Historical  resume  of  laws, 
their  results  and  applications,  and  suggested  lines  of  future  action.  A 
very  extended  discussion  <on  the  subject  in  general.  M.  Charguerand.  An- 
nales  des  P.  &  C,  Nov.,  1S94. 

W^ROUGHT  IRON,  Tests  of   . 

See  TESTS. 

WROUGHT    IRON   AVORK. 

History  and  description  of  ornamental  wrought  iron  of  the  early  part  of 
this  century,  in  Charleston.   S.  C.  —Am.    Arch.,    March   9,    ISOij. 

ZLYDER  ZEE,  Drainage   of   . 

See    DRAINAGE. 


Note. — For  all   goveriiuient  i)ublifations   and   for   information  concerning  tlieni 
acldres'  J.  H.  Hickox,  90G  M  Street.  AVest,  Washington,  D    C. 


IRRIfiATIfiN  ^""y  ^"^  carefully  discussed  by  t^e 

most  competent  engineers  of  the  West,  in 

THE  IRRIGATION  AGE,whicliistherecog- 

ENGINEERING  "'^^^  authority  on  ail  Western  matters. 
:33:3^:::^^^:=— —-____  Mouthly,  Illustrated.    Sample  copy  free. 
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